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UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 
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The unique TRI-NORINYL 
phasing achieves BTB 
control equivalent to a 1/35 
formulation, but with 29% 
less progestin per cycle. 
This is, in fact, the greatest 
progestin reduction of any 
norethindrone-based 
multiphasic. TRI-NORINYL 
lowers progestin where 
requirements for endome- 
trial support are reduced— 
with no greater reported 
BTB than a 1/35 formulation* 


9 DAYS 1.0 MG 
NORE THINDRONE 


7 DAYS 0.5 MG 5 DAYS 0.5 MG 
NORE THINDRONE NORE THINDRONE 


21 DAYS 0.035 MG ETHINYL ESTRADIOL 


SUPPLIED IN THE 
EXCLUSIVE SYNTEX l. 156- ISH.: 
WALLETTE™ PILL | 
DISPENSER, A ~ 1-3,2 
p . a 
S IS Sz 





Preferred by patients 3 to 1 
over other available packages 
for convenience, discreetness 
and compliance*™* 





THE NATURE OF 


*4/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethiny! estradiol. Data available from 
Syntex Laboratories, Inc. 

**Based on a nationwide, independently conducted survey of prospective oral contraceptive patients 
Data available from Syntex Laboratories, Inc. 
Serious as well as minor side effects have been reported following the use of all orai contraceptives. 
These pehe thromboembolic disease. Please see brief summary of full prescribing information 
on next page. 


SYNTEX LABORATORIES, INC 
CAS4304 


PALO ALTO, CA 34 ©1986 Syntex Laboratories, Ine. 
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{NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL* 21-Day Tablets (7 blue tablets of norethin- 
drone.0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyi estradiol 


0035 Ah 

TRI-NORINYL” 28-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyi estradiol 0.035 mg, 9 green tablets 
-of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
0.635 mg: 7 inert tablets) 


ORAL CONTRACEPTIVE (0.C.) AGENTS 

indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism, it iS prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of compatinie with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or less of estrogen. 

Contraindications t Known or suspected pregnancy (see Warning #5). 2. 
Thrombophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or throm disorders. 4. Undiagnosed abnormal genital 
bleeding. 5. OCs shouid not be used by women who have or have had any of the 
following: a. cerebral vascular or coronary artery disease, including myocardial 
infarction. b. known or suspected eager alase r nn of n 
pected estrogen dependent neoplasia. igh of malignant liver tumor that 
‘developed during use of OCs or other estrogen containing products. 









ar mere cigerettes per vad io guile marked i womens 
over 35 years of sge. Women who use OCs shouid be sirangly advised not 


The use of OCs is associated with increased risk of several Serious conditions 
including thromboembolism, stroke, myocardial infarction, liver tumor gall 
bladder disease, visual disturbances, fetal abnormalities, and hypertension. 
Practitioners prescribing OCs should be familiar with the following informa- | 
fion relating to these risks. 
_ t Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
: thromboembolic and thrombotic disease associated with OC use is established 








= One study demonstrated an increased relative risk for tatal venous thromboem- 


bolism and several studies demonstrated it for non-fatal venous thromboembol- 
--.4sen. They estimate that OC users are 4-11 times more likely than nonusers to 
avelop diseases without evident cause. One British study reported an 
-EXCESE death rate of 40% in OC users, most of which resulted from cardiovascu- 


' 


--. far-digease. Another British study showed a fower death rate in OC users than 


controls; an increase in cardiovascular deaths was seen but was not statistically 
significant. A US. prospective study failed to disciose increased mortality rates 
from cardiovascular disorders. but a subset analyzed as a ches ooo case- 
control study showed significant increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. in an American study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-95 times greater in users than nonusers. A British long- 
term follow-up reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too smal to estimate the risk, Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents; smoking and pill use 
appear to increase risk more than either alone, 
MYOCARDIAL INFARCTION (MD. Increased relative risk ol Mi associated with 
OC use has bees reported. One British study found that the greater the number of 
adaro risk factors for coronary artery disease {cigarette smoking. hyperten- 
sion, hypercholesteroiemia, obesity diabetes. history of preeciamptic toxemia} 
the higher the risk of developing Mi, regardless of OC use. OCs were an 
additional risk factor. in terms of relative risk. it has been estimated that 
nonsmoking OC users (smoking is considered a major pecepom Condition to 
Mi) are twice as likely to have a fatai Mi as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
arog users, and a 10-f2-lold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. in determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. (Estimates are based on British vital statistics which show acute Mi 
death rates 2-3 times iess than im the U.S. so US. death rates could be higher} 
i tance of other predisposing conditions in determining relative and absolute 
isks has not been quantified, other synergistic actions may exist. RISK OF 
DOSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboemt ‘ism, including coro- 
naty thrombosis, is directly related to estrogen dose in GL OCs with 01 mg or 
more of estrogen were associated with a higher risk of thromboembolism than 
those containing 0.25-0.08 mg but quantity of a may not be the sole 
factor, This was Supported by a US. study A British study found a positive 
association between dose of progestogen or es .sogen and « :rtain thromboembol- 
ic conditions. Swedish authorities noted decreased report: g of thromboembolic 
episodes when higher estrogen preparations were no lorger prescribed Careful 
epidemiologica! studies to determine degree of thrombrembolic disease risk 
associated with progestogen-only OCs have not been oone, Thromboembotic 
disease has been reported in women using these produci:. and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for Ml. another re ee the 
pre of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated eg rate per 100,000 women per year trom circulatory system 
diseases for OC users and nonusers according to age, smoking habits, and 
duration of use. The overall annual excess death rate tor OC users was estimated 
to be 20/100,000 (ages 15-34~5/100000; ages 35-44~33/100,000: ages 45- 
49~ 140/100,000). Fisk is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the study showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, ali 
occurred in women 35 or older An update provided the Toi rales: ages 
15-34- 1/6700 for nonsmokers and 1/2000 for smokers: ages 45 and over—- 
1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration of use. Untii more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
relative risk tor this age group. Data trom a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
ot contraception. Estimates include combined risk of the contraceptive 
method (e.g. thromboembolic and thrombotic disease for OCs} plus risk 
attributable to ney or abortion if the method fais (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with ail contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pill onty/ 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a a the rates would be about double: for “light” smokers 
(less than 15}, about half} The lowest mortality is with the condom or 
diaphragm backed up by early abortion, The stixty also concluded that OC 
users smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. 
Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for Mi is further increased by hypertension. hyperlipide- 
smoking. The ‘ol ar oh r ps hee of neath vf 
ng gives a gross esti r th from 
circulatory disorders associated with OC use. 
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SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS ~ RISK ASSOCIATED WITH USE OF OCs 


age Below 30 30-38 49 + 
Heavy smokers C 8 A 
Light smokers 9 £ B 
{no predisposing conditions} 8 CB ¢ 
no isposing conditions , 
Nonsmokers 
{other predisposing conditions) g CB B.A 


A~Use associated with very high risk. 
5--Use associated with high risk. 
C-Use associated with moderate risk. 
O—Use associated with low risk. 
Physician and patient should be alert to earliest manifestations of thromboemboi- 
ic and thrombotic disorders {e.g.. thrombophlebitis, pulmonary embolism. cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected. discontinue OC 
immediately. A 4-5 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. if feasible. discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions. Neuro-ocular lesions such as optic neuritis or retinal thrombesis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
Gradual, partial or complete loss of vision; onset of proptosis or diplopia: 
papiliedema; or retinal vascular lesions: and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma. Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
of malignant, such as breast. cervix, vagina. uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incdence of 
mammary nodules, benign and malignant. in dogs. Several retrospective case- 
contro} studies reported an increased relative risk {3143.9 times} associating 
endometrial Carcinoma with the prolonged use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for adeno- 
carcinoma of the endometrum (e.g. iregular bieeding when OCs were first 
iven, polycystic ovaries), Nearly al occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
Suggesting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-oniy OCs. although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users bul a greater risk was $ ted for OC users with documented benign 
breast disease and for long-term {2-4 years} users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more trequent 
among breast cancer patients who had used an OC continuously for one or more 
years than among nonusers with breast cancer One other study indicated an 
increasing risk of breast cancer in women laking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years} OC use prior to first full term pregnancy was associated with a ped 
relative risk of breast cancer, and other studies suggested an increased risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence ol 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controis and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers. This became statistical 
significant after 3-4 years of use. Nonreversal of dysplasia within tne first g 
months of pill use was suggested fo predict progression after prolonged expo- 
sure. One study disclosed an increased risk af cancer of the cervix (largely 
carcinoma in situ) in OC users under 40, particularly those whe had used OCs 
over 4 years. Two other studies ested an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microgiandular hyperplasia of the cervix in OC users. One study resorted an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of alt OC users is, nevertheless, 
essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, tibrocystic disease or abnormal mammograms with particular care. 4. 
Liver Tumors: Sudden severe abdominal pain of shock may be due to rupture and 
hemorrhage of a liver tumor There have been reports associating benign or 
malignant liver tumors with short-term and long-term OC use. Gne study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatoceilular adenoma. Two studies relate risk with curation of 
use, fisk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/ 100.000. 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen”. The tumor may cause serious oc fatal hemorrhage. Patients 
with liver tumors have dernonstrated variable clinical features which may make 
preoperative diagnosis difficult. Same cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may not be helpful, Liver 
scans may show a focal defect. Hepatic arteriography may be usetul in diagnos- 
ing primary liver neoplasm. 5. Lise in or immediately Preceding nancy. Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of tamale sex 
hormones~estrogenic and progestational agents -during early pregnancy may 
Seriously damage the offspring. Females exposed in utero to deethyishibestrot, a 
nonsteroidal estrogen, have an increased risk of developing in tater fife a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence thal OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with paar care. A high percentage of 
women ex to diethyistibestra! (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, R is not 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, # cannot be presumed that they would not 
induce similar changes. increased risk of congenital anomalies, inciuding heart 
and limb defects. has been reported following use of sex hormones. including 
OCs, in pregnancy. One case-control study estimated a 47-+foid increased relative 
risk of limb-teduction detects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion}. Some exposures involved only a few days of treatment. Data 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1/1000 
five births. In a large tive study, cardiovascular defects in chidren born to 
women who received female hormones, eric OCs, during early pregnancy 
occurred at 18.2/1006 births, compared to 78/1000 for chidren not so exposed in 
utero. These results are paca! Be sli A Weish study toong a statisti- 
caily significant excess of neural tu fects among offspring of prior OC users 
(within 3 months) than among controls. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC ase. in the 
past. femaie sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective. 
and there i no evidence from well controlled studies that progestagens are 
effective for these usés. There is some evidence that triploity and possibly other 
types of polyploidy are increased among aboriuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. if 
the patient has not adhered to the prescribed schedule, consider possible preg- 
nancy at the first missed period iar 45 days from the last menstrual period if 
siege rab! OCs are used) and discontinue OC use unti pregnancy has 
n ruled oul. For any patient wha has missed two consecutive periods, rule 
oul pregnancy before continuing the OC. if pregnancy is confirmed. tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant shouid use an 
alternate form of contraception for a period of time hefore attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased frequency 
of neural tube defects in women impregnated during the first 3 months after 
cessation of OC use. Do not use progestogen-only or oregestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6 Gait Bladder 














in blood pressure has been 
within a few months of beginns 
hypertension may be no higher in OC users than in nonusers. 
increases with exposure and in the tifth year of use iè 2: 
first year Age is soniy cortelated with hypertension in OC 
a history af elevated bioud pressure {hypertension}, preexistir 
history of toxemia or elevated biood pressure during pregnancy: familial 
gency to hypertension or its consequences, or history of excessive weight gain 
or fluid retention during the menstrual cycle may be more likely to- develop 
elevated bined pressure when given OCs and should be monitored closely. Even 
though slevated blood pressure may remain within the “normal” range. closely 
watch elevations. particularly for women with other risk factors for cardióvascu- 
lar disease of stroke. High blood pressure may oc may not persist after OC 
discontinuation. 9. Headache: Discontinue OC and evaluate the cause of onset or 
exacerbation of migraine or development of a new pattern of headache which is 
recurrent, persistent, or severe. 10. Bleeding irregularities: Breakthrough bleed: 
ing, spotting. and missed menses often make users discontinue OCs. In break 
t biseding, as in all cases of irregular bleeding from the vagina, consider 
nonfunctional causes. in undiagnosed persistent or recurrent abnormal bleeding 
kom the vagina, use adequate diagnostic measures to rule out pregnancy oF 
malignancy. H pathology has been excluded, time or another formulation may 
soive the problem. White potentially useful in minimizing menstrual regularity, 
change to an OC with a higher estrogen content only if necessary since this may 
increase the risk of thromboembolic disease. Women with a history of an 
menorthea or Secondary amenorrhea or young women without lar eye 
may tend te remain anovulatary or to amenorrheic after OG discontin- 
uation. Women with these preexisting problems should be advised of this and 
encouraged to use other contraceptive methods. Post-use anovulation, possibly 
prolonged, may occur in women without previous ireguiarities. A higher. iici- 
dence of galactorrhea and of pituitary tumors (e.g. adenomas? has: been:asso- 
ciated with amenorrhea in former users compared with nonusers. One: study 
UNOS 











reported a 16-fold increased incidence of pituitary prolactin-senretinig tumors 
among patients with postpill amenorrhea when galactorrhea was. present. TE 
infertdity. There is evidence of impairment of fertility in women discontinuing 
OCs in cemparison with other contraceptive methods, which appears to be 
independent of duration of use. While impairment diminishes with time, there is 
an appreciable difference im the results in nulliparous women for OC and other 
groups 30 months after discontinuation of birth control, For parous women the 
difference is not apparent 30 months after cessation of a One study 
suggests Chlamydia trachomatis infection, the leading cause of nongomococcal 
PLD., is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC failure. In progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more affective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding: OCs in the pein period may interfere with lactation by decreas- 
ing quantity and quality of breast miik. A small fraction of OC farmonal agents 
has been identified in milk of mothers receiving OCs. Effects, if any on the 
breast-fed child have not been determined. H feasible, defer OC use unt. the 
infant has been weaned Precautions GENERAL 1. Take a complete medical and 
ony paar before starting OCs. Pretreatment and periodic physical exams 
should include special reference te blood pressure, breasts, abdomen and pelvic 
organs, inctuding Papanicolaou smear and relevant lab tests. As a general rule, 
OCS shouid not be prescribed for tonger than 1 year without another ptrysical. 2. 
Under the influence of a pa preparations, preexisting uterine 
isomyomata may enlarge. 3 ve patients with a history of psychic ~ 
sion and discontinue OCs if depression recurs fo a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fiuid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders. migraine syndrome. asthma or 
cardiac, hepatic or renal insufficiency, 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6 Steroid hormones may be poorly metabolized 
in patients with impaired liver function and shouid be administered. with caution. 
in such patients. 7 OC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signif- 
icance is unknown. 8 Serum folate fevels may be de by OC use. Since 
the pregnant woman is predisposed to folate deficiency and incidence of folate 
deliciency increases with increasing gestation. ifa woman becomes ely de 
shortly ater stopping OCs. she may have a greater chance of developing folate 
deficiency and related complications. 9, Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine and liver function tests 
and bload components may he affected by estrogen-containing OCs. Far exam- 
pie: a. Increased sulfobromophthalein retention. b increased prothrombin and 
factors Vii. Vi. IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced giatelet sogrogabaty c. Increased thyroid binding globulin f 8G) lead- 
ing to imcraased circulating totai thyroid hormone, as measured p 
protem-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T 
resin uptake is decreased, reflecting the elevated TBG, tree T4 concentration is 
unaltered. €. Decreased pregnanediol excretion. e Reduced response to metyra- 
pone test. f. increased phospholipids and triglycerides. g. Temporarily decreased 
giucose ‘tolerance. 11. Contact lens wearers who develop visual changes or 
changes im jens tolerance should be assessed by an oe ates and tempo- 
rary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough bleeding from 
interactions with rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicilin 
V chioramphenicol, sulfonamides. nitrofurantoin, barbiturates, yton, primi- 
done, analgesics, tranquilizers, antimmigraine preparations, antihistamines, and 
griseatuivin. OCs may alter effectiveness of such other drugs as oral anticoagu- 
lants, amiconvuisants, tricyclic antidepressants, antihypertensive agents (e.g. 
guanethidine), vitamins, hypoglycemic agents, tranquilizers. hypnotic prepara- 
tons, theophylline, and bela blockers. Toxic liver effects have been reported with 
a combination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of f 
following serious adverse reactions has been associated with OC use (see Warn- 
ings}: thrombophiehitis, thrombosis, pulmonary embolism, coronary thrombosis, 
cerebral thrombosis, mesenteric thrombosis, liver tumors. cerebral hemorrhage, 
hypertension, gali bladder disease, congenital anomalies, neuro-ocuiar lesions, 
eg. retinal thrombosis and optic neuritis, Raynaud's disease. arterial throm- 
boemboksm. The following adverse reactions have been reported in OC users 
and are believed to be drug related: bleeding irregularities (breakthrough Dleed- 
ing, spotting, missed menses during treatment, amenorrhea after treatment), 
gastrointestinal symptoms {nausea, vomiting. bloating, abdomina! cramps, 
colitis), dysmenorrhea. infertility after discontinuance of treatment, edema, 
chioasma or melasma which may persist after drug is discontinued, breast _ 
changes (tenderness, enlargement. and secretion), intolerance to contact lenses, i 
changes in corneal curvature (steepening). change in weight (increase or.. 
decrease, change in Cervical erosion and cervical secretion, possible diminution -i 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in size of uterine leiomyomata, rash faliergic), mental depression, 
reduced tolerance to carbohydrates, vaginal candidiasis, projactin-secreting pitu- 
tary tumors, chilblains. The following adverse reactions have been reported in 
UE A YATE, CAIA, changes i Ado, chores, changes I ONTE, 
strual- cataracts, in libido, chorea, in , 
cystitis-kkhe syndrome, headache, nervousness, dizziness, hirsutism, loss of hai, 
erythema multiforme, erythema nodosum, hemorrhagic eruptions, vaginitis, 
porphyria, impaired renal function, malignant nephrosclerosis {fh ic uremic 
syndrome), malignant hypertension, acute renal failure. for the 
e Patient Package insert). 
Rev. 6/86 
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Ps WARNING 

ISE OF PROGESTATIONAL AGENTS DURING THE FIRST 
MONTHS OF PREGNANCY IS NOT RECOMMENDED. 
Progestational agents have been used beginning with the first 
ester of pregnancy in an attempt to prevent habitual abortion or 
at threatened abortion. There is no acequate evidence that such 
ise is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
a Furthermore, in the vast majority of women, the cause of abortion is 
adetective ovum, which progestational agents could mot be expected 
fluence. In addition, the use of progestational agents, with their 
ne-relaxant properties, in patients with fertilized defective ova may 
use a delay in spontaneous abortion. Therefore, the use of such 
i drugs. during the first four months of pregnancy is not recommended. 

.  . Several reports suggest an association between intrauterine expo- 
gure to female sex hormones and congenital anomalies including 
genital heart detects and limb reduction defects. One study 
ated a 4.7-fold increased risk of limb reduction defects in infants 
adin utero to sex hormones (oral contraceptives, hormone with- 
awal: tests for pregnancy, or attempted treatment for threatened 
orton). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 
_ ifthe patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 




































i ‘TIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
nai imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 
-CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cere- 
“bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
“tion-or disease. Known or suspected malignancy of breast or genital organs. 
fagnesed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
erone acetate. As a diagnostic test to pregnancy. 
WINGS: 1. immediately discontinue administration should any of the 
y thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
r disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
1 medroxyprogesterone acetate developed mammary nodules some 
ere malignant. Although nodules occasionally appeared in control 
hey were intermittent in nature; whereas the nodules in the drug 
nimals were larger, more numerous, persistent, and there were some 
east malignancies with metastases. Their significance with respect to humans 
not been established. 3. Discontinue medication pending examination if 
tt ere i is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
zor migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectable amounts of progestin have been identified in the milk of 
rs. receiving the drug. The effect of this on the nursing infant has not been 
ned. §. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
Ste istically significant association between thrombophiebitis, pulmonary embo- 
ism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
¿has been estimated that users are several times as likely to undergo thrombo- 
Nbolic disease without evident cause as nonusers. The American study indi- 
that the risk did not persist alter discontinuation, and it was not enhancea 
ntinued administration. 
IONS: A pretreatment physical exam should include special refer- 
breast and pelvic organs and a Papanicolaou smear. This drug may 
etention, therefore, carefully observe patients with conditions influ- 
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enced by fluid retention such as epilepsy, migraine, asthma, and: cardiac i Q 
renal dysfunction. In irregular bleeding per vaginum, bear in mind nonfunc: 
tional causes and perform adequate diagnostic measures. Advise. path : 
of therapy when submitting relevant specimens. Carefully observe patient: 
history of psychic depression and discontinue drug if serious depression 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal... 
hepatic, or uterine function awaits further study. Decreased glucose toleran 

has been observed in a small percentage of patients on. estrogen-pragest 
combinations; therefore, carefully observe diabetic patients receiving proge! 
therapy. Age constitutes no absolute limiting factor, although onset of clirnacteri 
may be masked. Because of the occasional occurrence of thrombotic disorder 
thrombophlebitis, pulmonary embolism, retinal thrombosis, and. cerebrova e 
cular disorders) in patients taking estrogen-progestin combinations and since- 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient information for complete prescribing 
information.) a 
ADVERSE REACTIONS: Pregnancy: (see Warning box); Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- -~ 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and. hirsut- Ea 
ism in a few patients; Thromboembolic Phenomena including thrombo- = = 
phiebitis and pulmonary embolism. i 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow, amenorrhea; edema; change in weight; — - 
changes in cervical erosion and secretions; cholestatic jaundice: rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between use of 
estrogen-progestin combination drugs and the serious adverse reactions of | 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and ember v 
lism. Therefore, patients on progestin therapy should be caretully observed. = 

Although available evidence is suggestive. a relationship has been neither ae 
confirmed nor refuted far the association of the serious adverse reaction of 
neuro-ocular lesions, e.g. retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure im susceptible — 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- ~ 
tite; cystitis-like syndrome; headache; nervousness; dizziness: fatigue: back 
ache: hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum; 
hemorrhagic eruption; and itching.Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and i 
other hepatic function tests; coagulation tests (increase in prothrombin factors- 
Vit, Vill, IX and X}; metyrapone test; pregnanedio! determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T3 uptake values). 
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Mycelex Twin Pack 


(clotrimazole) 


One-day therapy 
Mycelex-G 500" 

(clotrimazole) Vaginal Tablet 
Seven-day therapy 
Mycelex 1% 


(clotrimazole) 
Cream 






Indications 

MYCELEX®*-G 500 mg Vaginal Tablets are indicated for 
the local treatment of vulvovaginal candidiasis when one- 
day therapy is felt warranted. In the case of severe vul- 
vovaginitis due to candidiasis, longer antimycotic therapy 
is recommended. 

MYCELEX* CREAM is indicated for the topical treatment 
of dermal infections due to Candida albicans. 
Contraindications 

MYCELEX-G 500 mg Vaginal Tablets and MYCELEX 
CREAM are contraindicated in women who have shown 
hypersensitivity to any of their components. 

Warnings 

MYCELEX-G 500 mg Vaginal Tablets: none. MYCELEX 
CREAM is not for ophthalmic use. 

Precautions 

MYCELEX-G 500 mg Vaginal Tablets: If there is a lack of 
response to the Vaginal Tablets, appropriate microbio- 
logical studies should be repeated to confirm the diag- 
nosis and rule out other pathogens before instituting an- 


„Other course of antimycotic therapy. 


MYCELEX CREAM: If irritation or sensitivity develops 
with the use of Mycelex Cream, treatment should be dis- 
continued and appropriate therapy instituted. 
Carcinogenesis 

MYCELEX-G 500 mg Vaginal Tablets: No long-term stud- 
ies in animals have been performed to evaluate the car- 
cinogenic potential of 500 mg Vaginal Tablets 
intravaginally. A long-term study in rats (Wistar strains) 
where clotrimazole was administered orally provided no 
indication of carcinogenicity. 

Usage in Pregnancy: Pregnancy Category B: 
MYCELEX-G 500 mg Vaginal Tablets: The disposition of 
14C-clotrimazole has been studied in humans and ani- 
mals. Clotrimazole is poorly absorbed following intravag- 
inal administration to humans, whereas it is rather well 
absorbed after oral administration. 

In clinical trials, use of vaginally applied clotrimazole in 
pregnant women in their second and third trimesters has 
not been associated with ill effects. There are, however, 
no adequate and well-controlled studies in pregnant 
women during the first trimester of pregnancy. 

Because animal reproduction studies are not always pre- 
dictive of human response, this drug should be used only 


if clearly indicated during the first trimester of pregnancy. 


MYCELEX CREAM: In the first trimester of pregnancy, 
Mycelex Cream should be used only when considered es- 
sential to the welfare of the patient. 
Adverse Reactions 
MYCELEX-G 500 mg Vaginal Tablets: Of 297 patients in 
double-blind studies with the 500 mg vaginal tablet, 3 of 
149 patients treated with active drug and 3 of 148 patients 
treated with placebo reported complaints during therapy 
that were possibly drug related. In the active drug group, 
vomiting occurred in one patient, vaginal soreness with 
coitus in another, and complaints of vaginal irritation, itch- 
ing, burning and dyspareunia in the third patient. In the 
placebo group, clitoral irritation occurred in one patient 
and dysuria, described as remotely related to drug, in the 
other. A third patient in the placebo group developed bac- 
terial vaginitis which the investigator classed as possibly 
related to ag, 
MYCELEX CREAM: The following reactions have been 
reported in connection with the use of this cream: ery- 
thema, stinging, blistering, peeling, edema, pruritus, ur- 
ticaria, and general irritation of the skin. 
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There are still many who performaCBCor 
hematocrit as soon as anemia is suspected, even 
though it is in fact the Hb value that defines 
anemia. 

There is a simpler way. 

Determine the Hb level directly. Ifit hes 
below the reference standard, it is reasonable to 
suspect anemia. A detailed patient history will 
then disclose whether it is caused by a deficiency 
in iron or loss of blood. 

But... 

The Hb level varies from person to person. 
It thus makes sense to monitor each individual 
patient’s Hb level routinely to identify early signs 
of anemia. 

For this you would require a test procedure 
that could be performed in-office with minimal 
risk of functional and human error. 

This is where the HemoCue Hb test comes 
in. 

The HemoCue system is designed to 
eliminate possible sources of error. It is so simple 
to handle that anyone can perform accurate Hb 
determinations in 60 seconds or less. 

Going the long way around through CBC, 
or via hematocrit, you can get there quicker and 
safer with HemoCue. And have the test result 
before the patient leaves your office! 


For more information on this new, economical 


test, call 800-323-1674 (CA 714-859-7779). 


8 Macao: Science International. Tel. 05-43 74-42. Tai G 








diagnose anemia. 


The Hemocue procedure. 
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The HemoCue microcuvette draws an exact 


] e Obtain a blood sample by finger stick. e volume of blood. 





Insert the microcuvette into the HemoCue 4 Result displayed automatically within 
e photometer. e 15-45 seconds. 





HemoCue’ 


Developed and manufactured by Leo Diagnostics AB, S-251 09 Helsingborg, Sweden. 


Marketing and technical service in the USA exclusively through 
Medical Equipment Designs, Inc. 23521 Ridge Route Dr. Suite A, Laguna Hills, CA 92653. 
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(Conjugated Estrogens Tablets) 


Only oral estrogen provides 
e Proven protection against 
osteoporosis 


Decreased total cholesterol; 
-increased HDL cholesterol; 
lowered LDL cholesterol 


e Easy cycling with progestin 
e Unsurpassed long-term safety 


ae od et ce i, we we. eR: 


Complete estrogen therapy 





Please see following page for brief summary of prescribing information. = 









-T ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOME- 
TRIAL CARCINOMA, 

_ Three independent, case-controlied studies have reported an increased risk of endometrial 
_ Cancer in postmenopausal women exposed to exogenous estrogens for more than one 
-o This risk was independent of the other known risk factors for endometrial cancer. 
These studies are further supported by the finding that incidence rates of endometrial 















-cancer have increased sharply since 1969 in eight different areas of the United States with 
4. population-based cancer reporting systems, an increase which may be related to the 
rapidly expanding use of estrogens during the last decade, The three case-controlied 
Studies reported that the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. In view of these findings, when estrogens are used for the treatment 
usal a dikcia lag the lowest dose that will control symptoms shouid be utilized 
and medication should be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a semi-annual basis to 
determine the need for continued therapy. Although the evidence must be considered 
preliminary, one study suggests that cyclic administration of low doses of estrogen may 
Carry less risk than continuous administration; it therefore appears prudent to utilize such a 
regimen. Close clinical surveillance of all women taking estrogens is important. In all cases 
of undiagnosed persistent or recurring abnormal vaginal bieeding, adequate diagnostic 
measures should be undertaken to rule out malignancy. There is no evidence at present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi- 
estrogenic doses. 
2. ROGENS SHOULD NOT BE USED DURING PREGNANCY, 
The use of female sex hormones, both estrogens and progestogens. during early preg- 
nancy may seriously damage the offspring. It has been shown that females exposed in 
utero to diethyistilbestrol, a non-steroidal estrogen, have an increased risk of developing, in 
later life, a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has 
been estimated as not greater than 4 per 1,000 exposures. Furthermore. a high percentage 
of such exposed women (from 30% to 90%} have been found to have vaginal adenosis, 
epithelial manges of the vagina and cervix. Although these changes are histologically 
benign, itis not known whether they are precursors of malignancy. Although similar data are 
not available with the use of other estrogens, it cannot be presumed they would not induce 
similar changes. Several reports suggest an association between intrauterine exposure to 
female sex hormones and congenital anomalies, including congenital heart defects and 
__| timb-reduction defects. One case-controlied study estimated a 4.7-fold increased risk of 
z4 limb-reduction defects in infants exposed in utero fo sex hormones (oral contraceptives, 
{| hormone withdrawal tests for pregnancy, or attempted treatment for threatened abortion). 
:{. Some of these exposures were very short and involved only a few days of treatment. The 
| -data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less 
| than 1 per 1,000. in the past, female sex hormones have been used during pregnancy in an 
=- attempt to treat threatened or habitual abortion. There is considerable evidence that 
1 estrogens are ineffective for these indications, and there is no evidence from well-controlled 
studies. that progestogens are effective for these uses. If PREMARIN is used during 
pregnancy, or if the patient becomes pregnant while taking this drug, she should be 
apprised of the potential risks to the fetus, and the advisability of pregnancy continuation. 


| DESCRIPTION: PREMARIN (conjugated estrogens tablets, USP) for oral administration 
contains a mixture of estrogens, obtained exclusively from natural sources, blended to repre- 
-» sent the average composition of material derived from pregnant mares urine. It contains 
"estrone, equilin, and 17a-dihydro- 
- equilin, together with smaller amounts 
of T7a-estradiol, equilenin, and 17a-di- 
 hydroequilenin as salts of their sulfate 
esters. Tablets are available in 0.3 mg, 
0.9 mg, 1.25 mg, and 2.5 mg strengths 
of eh spa on gl 
INDICATIONS AND USAGE: Moder- 
-ate to severe vasomotor symptoms as- 
sociated with the menopause. (There is 
no evidence that estrogens are effec- 
tive for nervous symptoms or depres- 
sion without associated vasomotor 
- symptoms and they should not be used 
_ to treat such conditions.) Osteoporosis 
_ {abnormally low bone mass). Atrophic vaginitis. Kraurosis vulvae. Female castration. 
-... PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING 
acon AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
< WARNING). 
- Concomitant he ape Use: The lowes! effective dose appropriate for the specific indication 
_ should be utilized. Studies of the addition of a progestin for 7 or more days of a cycle of estrogen 
_ administration have reported a lowered incidence of endometrial hyperplasia. Morphological 
_ and biochemical studies of the endometrium suggest that 10 to 13 days of progestin are needed 
_ to. provide maximal maturation of the endometrium and to eliminate any hyperplastic changes. 
< Whether this will provide protection from endometrial carcinoma has not been clearly estab- 
- fished. There are possible additional risks which may be associated with the inclusion of 
: eee in estrogen replacement regimens. (See PRECAUTIONS.) The choice of progestin 
- and dosage may be important; uct labeling should be reviewed to minimize possible 
~a 


dverse effects. 

CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the 
following conditions: 1. Known or suspected cancer of the breast except in appropriately 
selected patients being treated for metastatic disease. 2. Known or suspected estrogen- 
‘dependent neoplasia. 3. Known or suspected pregnancy (see Boxed Warning). 4. Undiagnosed 
abnormal genital bleeding. 5. Active thrombophiebitis or thromboembolic disorders. 6. A past 
history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
Sop ne use (except when used in treatment of breast or prostatic malignancy). 

WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see 
Boxed Warning), However, a recent large, case-controlied study indicated no increase in risk of 
breast cancer in postmenopausal women. A recent study has reported a 2- to 3-fold increase in 
‘the nisk of surgically confirmed gallbladder disease in women receiving postmenopausal estrogens. 
- Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used 
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(Conjugated Estrogens Tablets) 
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ast eri jas. been shown th 

tt -in men: receiving estrogens for prostatic cancer ai 
women for postpartum breast engorgement. Users of oral contraceptives have an increased ri 
of diseases, such as thrombophlebitis, pulmonary embolism, stroke. and myocardial infarctic 
Cases of retinal thrombosis, mesenteric thrembosis, and optic neuritis have been reported 
orai contraceptive users. An increased risk of ee ee hi 
also been reported in users of oral contraceptives. lf feasible, estrogen should be discontinut 
at least 4 weeks before surgery of the type associated with an increased risk of thromboer 
bolism, or during periods of prolonged immobilization. Estrogens should not be used in perso: 
with active thrombophlebitis, thromboembolic disorders, or in persons with a history of sus 
disorders in association with estrogen use. They should be used with caution in patients wi 
cerebral vascular or coronary artery disease. Large doses (5 mg conjugated estrogens per day 
comparabie to those used to treat cancer of the prostate. and breast have been shown 
increase the risk of nonfatal myocardial infarction, pulmonary embolism and thrombophiebiti 
When doses of this size are used, any of the thromboembolic and thrombotic adverse effec 
should be considered a clear risk. 

Benign hepatic adenomas shculd be considered in estrogen users having abdominal pa 

and tenderness, abdominal mass, or hypovoiemic shock. Hepatocellular carcinoma has bee 
reported in women taking estrogen-containing oral contraceptives. Increased blood pressu: 
may occur with use of estrogens in the menopause and blood pressure should be monitore 
with estrogen use. A worsening of glucose tolerance has been observed in patients c 
estrogen-containing oral contraceptives. For this reason, diabetic patients should be careful 
observed. Estrogens may lead fo severe hypercaicemia in patients with breast cancer and bor 
metastases. . 
PRECAUTIONS: Physical exam:nation and a complete medical and family history should t 
taken prior to the initiation of any estrogen therapy with special reference to blood pressur 
breasts, abdomen, and pelvic organs, and should include a Papanicolaou smear. As a gener 
rule, estrogen should not be prescribed for longer than one year without another physic 
examination being performed. Conditions infiuenced by fluid retention, such as asthma, er 
tepsy. migraine, and cardiac or renal dysfunction, require careful observation. Certain patien 
may develop manifestations of excessive estrogenic stimulation, such as abnormal or exce: 
sive uterine bleeding. mastodynia, etc. Prolonged administration of unopposed estroge 
therapy has been reported to increase the risk of endometrial hyperplasia in some patients. Br 
contraceptives appear to be associated with an increased incidence of mental depressio 
Patients with a history of depression shouid be carefully observed. Pre-existing uterin 
leiomyomata may increase in size during estrogen use. The pathologist should be advised « 
estrogen therapy when relevant specimens are submitted. if jaundice develops in any patie: 
receiving estrogen, the medication should be discontinued while the cause is investigate: 
Estrogens should be used with care in patients with impaired liver function, renal insufficienc 
metabolic bone diseases associated with hypercalcemia, or in young patients in whom bon 
growth is not yet complete. if concomitant progestin therapy is used, potential risks may includ 
adverse effects on carbohydrate and lipid metabolism. 

The following changes may be expected with larger doses of estrogen: 

a. Increased sulfobromophthale:n retention. 

b. Increased prothrombin and factors VII Vili, IX. and X: decreased antithrombin 3: increase 
norepinephrine-induced platelet aggregability. 

c. Increased thyroid binding globuin (TBG) leading to increased circulating total thyroi 
hormone, as measured by PBI, T, by column, or T, by radioimmunoassay. Free T, resin uptak 
is decreased, reflecting the elevated TBG: free T, concentration is unaltered. 

d. impaired glucose tolerance. 

e. Decreased pregnanedio! excretion. 

ft. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. increased serum triglyceride and phospholipid concentration. 

As a general principle, the admin:stration of any drug to nursing mothers should be done on! 
when clearly necessary since man 
drugs are excreted in human milk. 

Long-term, continuous administra 
tion of natural and synthetic estro 
gens in certain animal species in 
creases the frequency of carcinoma: 
of the breast, cervix. vagina, and live 
However, in a recent, large case-con 
trolled study of postmenopausa 
women there was no increase in risi 
of breast cancer with use of conju 

ated estrogens. 

DVERSE REACTIONS: The fol 
lowing have been reported with es 
trogenic therapy, including oral con 
traceptives: breakthrough bleeding, spotting, change in menstrual flow: dysmenorrhea: pre 
menstrual-like syndrome; amenorrtea during and after treatment; increase in size of uteri 
fibromyomata; vaginal candidiasis, change in cervical erosion and in degree of cervical secre 
tion; cystitis-like syndrome; tenderness, enlargement, secretion (of breasts): nausea, vomiting 
abdominal cramps, bloating: cholestatic jaundice: chloasma or melasma which may persis 
when drug is discontinued: erythema multiforme: erythema nodosum; hemorrhagic eruption 
loss of scalp hair; hirsutism; steepening of cornea! curvature: intolerance to contact lenses 
headache, migraine, dizziness, mental depression, chorea; increase or decrease in weight 
reduced carbohydrate tolerance; aggravation of porphyria; edema; changes in libido. 
ACUTE OVERDOSAGE: May cause nausea, end withdrawal bleeding may occur in females 
DOSAGE AND ADMINISTRATION: 1. Given cyclically for short-term use only. For treatmen 
of moderate-to-severe vasomotor symptoms, atrophic vaginitis, or kraurosis vulvae associate 
with the menopause {0.3 mg to 1.25 mg or more daily). 

The lowest dose that will control symptoms should be chosen and medication should be 
discontinued as promptly as possible. 

Administration should be cyclic (eg, three weeks on and one week off}. 

Attempts to discontinue or taper medication should be made at three- to six-month intervais. 

2. Given cyclically: Osteoporosis. Female castration. 

ees —0.625 mg daily. Acministration should be cyclic (eg, three weeks on and one 
week off}. 

Female castration——1.25 mg daily. cyclically. Adjust upward or downward according to re 
sponse of the patient. For maintenance, adjust dosage to lowest level that will provide effective 
control. 

Patients with an intact uterus should be monitored for signs of endometrial cancer anc 
appropriate measures taken to rule out malignancy in the event of persistent or recurrinc 
abnormal vaginal bleeding. 


thefe is an increased risk of thrombosis in 
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(norethindrone [0.4 mg] and 
ethinyl estradiol [0.035 mg] ) 
tablets 
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Ortho-Novum 1/35 





they contain 78% to 150% 
more norethindrone 
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CYCON’-35 


(norethindrone [0.4 mg] and 
ethinyl estradiol [0.035 mg]) tablets 


QYCON’-5O 


(norethindrone [1 mg] and 
ethinyl estradiol [0.05 mg}) tablets 


Indications and Usage: Ovcon is indicated for the prevention of pregnancy. Some combination 
products containing 35 mcg. or less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 

Dose-related Risk of Thromboembolism from Oral Contraceptives: Two studies have shown a positive 
association between the dose of estrogens in oral contraceptives and the risk of thromboembolism. 
For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed for any given patient should be that 
product which contains the least amount of estrogen that is compatible with an acceptable pregnancy 
rate and patient acceptance. It is recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg. or less of estrogen. 

Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic disorders. 2) A past history of deep vein 
thrombophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 
4) Known or suspected carcinoma of the breast. 5) Known or suspected estrogen dependent 
neoplasia. 6) Undiagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 8) Benign 
or malignant liver tumor which developed during the use of ora! contraceptives or other estrogen- 
containing products. 

Warnings: 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be strongly advised not to smoke. 
Use of oral contraceptives is associated with increased risk of several serious conditions, 


including thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder 
disease, hypertension. Practitioners prescribing oral contraceptives should be familiar with the 
following information relating to these risks. 





1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic and 
thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
preeciamptic toxemia) the higher the risk eigeg ee myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
Clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive 
users who do not smoke (smoking considered a major predisposing condition to myocardial 
infarction) are about twice as likely to have a fatal myocardial infarction compared to nonusers who 
do not smoke. Oral contraceptive users who smoke have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but abouia 10- to 12-fold increased risk compared to 
nonusers who do not smoke. The amount of smoking is a very important factor. British investigators 
concluded that the risk of thromboembolism including coronary thrombosis is directly related to the 
dose of estrogen used in oral contraceptives; preparations containing 100 mcg. or more of estrogen 
were associated with a higher risk of thromboembolism than those containing 50-80 mcg. of 
estrogen. The relative risk of thromboembolic disease associated with Sia pit oral 
contraceptives has not been determined. Cases of thromboembolic disease have been reported in 
women using progestin-only products, and they should not be presumed to be risk-free. The overall 
excess mortality rate annually from circulatory diseases for oral contraceptive users was estimated 
to be 20 per 100,000 (ages 15-34, 5/100,000; ages 35-44, 33/100 ,000; ages 45-49, 140/100,000), 
the risk being concentrated in older women, in those with a long duration of use, and in cigarette 
smokers. The highest risk was found in heavy cigarette smokers (15 or more cigarettes per day) who 
used oral contraceptives and were aged 40 or older. Women who smoke should be advised not to use 
oral contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with all of the methods of birth control is low compared to 
the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension, 
hypercholesterolemia, obesity, diabetes, or history of preeclamptic toxemia, and especially by 
cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, 
cerebrovascular insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). 
Should any of these occur or be suspected, the drug should be discontinued immediately. If feasible, 
oral contraceptives should be discontinued at least 4 weeks before Surgery of a type associated with 
an increased risk of thromboembolism or prolonged immobilization. 2) Ocular Lesions. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete loss of vision; sudden onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions, and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
Long term administration of either natural or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast, cervix, vagina and liver. In humans, one study investigated 
the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease, nearly all occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
oral contraceptives with documented benign breast disease. There is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with oral contraceptives. 
Close clinical surveillance of all women taking oral contraceptives is essential. In all cases of 
hei page persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
Kanaria ifthey elect to use oral contraceptives. 4) HepaticAdenoma. Benign hepatic adenomas 

ave been found to be associated with the use of oral contraceptives. One study reported a higher risk 
associated with oral contraceptive formulations with high hormonal potency. Although benign and 
rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
presenting abdominal pain and tenderness, abdominal mass, or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 
to this type of Hla is not known at this time. 5) Use in Pregnancy, Birth Defects in Offspring 
and Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken progestogens and/or estrogens during pregoaney. It has been shown that 
females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may aian abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000 live births. In the past, female 
sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications and 


there is no evidence from well-controlled studies that progestins are effective for these uses. 
Increases in chromosomal aberrations have been reported in women who become pregnant soon 
after ceasing oral contraceptive therapy. Embryos with these anomalies are virtually always 
spontaneously aborted. Whether there is an overall increase in spontaneous abortion of pregnancies 
conceived soon after stopping oral contraceptives is unknown. It is recommended that for any patient 
who has missed two consecutive periods, ior mein should be ruled out before continuing the 
contraceptive ell If the patient has not adhered to the prescribed schedule, the possibility of 
pregnancy should be considered at the time of the first missed period and further use of oral 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirmed the 
patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration of progestin-only or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy. 6) Gall Bladder Disease. Studies have reported an 
increased risk of surgically confirmed gallbladder disease og | after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women penno oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive use but 
increases with longer exposure and in the fifth year of use is two and one-half to three times the 
reported prevalence in the first year. Women who previously had hypertension during pregnancy may 
be more likely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. 
The onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent or severe, requires discontinuation of oral contraceptives and investigation of 
the cause. 10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are 
indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to 
another formulation may solve the problem. Changing to an oral contraceptive with a higher estrogen 
content, while potentially useful in minimizing menstrual irregularity, should be done only if 
necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a 
tendency to remain anovulatory or to become amenorrheic after discontinuation of oral 
contraceptives. Women with these preexisting problems should be advised of this possibility and 
encouraged to use other contraceptive methods. 11) Ectopic Pregnancy. Ectopic as well as 
intrauterine pregnancy may occur in contraceptive failures. However, in oral contraceptive failures, 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral contraceptives 
since the drugs are more effective in preventing intrauterine rather than ectopic pregnancy. The 
higher ectopic-intrauterine ratio has been reported with both combination products and progestin- 
only oral contraceptives. 12) Breast Feeding. A small fraction of the hormonal agents in oral 
contraceptives has been identified in the milk of mothers receiving these drugs. The long-range 
effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, 
oral Phea His should not be prescribed for longer than 1 year without another physical 
examination being performed. 2) Under the influence of Sore eh preparations, 
preexisting uterine leiomyomata may increase in size. 3) Patients with a history of psychic 
depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 4) Because oral contraceptives may cause some degree of fluid retention, conditions which 
mightbe wae by fluid retention, such as convulsive disorders, migraine syndrome, cardiac or 
renal insufficiency or asthma require careful observation. 5) Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence of jaundice while receiving oral contraceptive 
therapy. If jaundice develops in any patient receiving such drugs, the medication should be 
discontinued. 6) Steroid hormones may be poorly metabolized in ae with impaired liver 
function and should be administered with caution in such prana, 7) Oral contraceptive users may 
have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine 
deficiency. The clinical significance of this is yet to be determined. 8) Serum folate levels may be 
depressed by oral contraceptive therapy. This may complicate subsequent pregnancy with regard to 
folate deficiency. 9) The pathologist should be advised of oral contraceptive therapy when relevant 
specimens are submitted. 10) Certain endocrine and liver function tests and blood components may 
beaffected by estrogen-containing oral contraceptives: a. Increased sulfobromophthalein retention. 
b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading 
to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), Ts by 
column, or Ts by radioimmunoassay. Free Ts resin uptake is decreased, reflecting the elevated 
TBG, free Ts concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 11) The active yellow tablets and the inert green tablets in Ovcon-50 (21 and 28 
day regimens) and the inert green tablets in the 28 day regimen of Ovcon-25 contain FD&C Yellow No. 
5 ttartrazine} which ge cause Sorgono reactions bade bronchial en in certain 
susceptible individuals. Although the overall incidence of FD&C Yellow No. 5 (tartrazine) sensitivity 
in the general population is low, it is frequently seen in patients who also have aspirin 
esis l 
information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and has 
been made available for distribution by the pharmacist. 
Drug Interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
parmarels De eee phenytoin sodium, ampicillin and tetracycline. 
Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophlebitis, pulmonary embolism, 
coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, gall bladder 
disease, congenital anomalies. There is evidence of an association between the following conditions 
and the use of oral contraceptives, although additional confirmatory studies are needed: Mesenteric 
thrombosis; benign hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse reactions, 
occur in ps oan I 10% or less of patients during the first cycle (other reactions, as a general 
rule, are seen much less ag or only occasionally); gastrointestinal symptoms (such as 
abdominal cramps and bloating); breakthrough bleeding; eng change in menstrual flow; 
dysmenorrhea; amenorrhea during and after treatment; temporary infertility after discontinuance of 
treatment; edema; chloasma or melasma which may persist; breast changes (tenderness, 
enlargement, and secretion); change in weight (increase or decrease); change in cervical erosion and 
cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic 
jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; changes in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of oral 
contraceptives, and the association has been neither confirmed nor refuted: Premenstrual-like 
syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema 
nodosum, hemorrhagic pa pels vaginitis, porphyria. 
Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children. Overdosage may cause nausea, and withdrawal eet 
may occur in females. 0 
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Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


oe DOA DON INNO 
WITH THE CONFIDENCE 
THAT COMES FROM EXPERIENCE 


"Serious as well as minor side effects have been reported following the use of all oral contraceptives. These include thromboembolic disease. The physician 
should remain alert to the earliest manifestations of any symptom of scrious discase and discontinue oral contraceptive therapy when appropriate. These da 
represent only the results of selected studies. Therefore. before prescribing. the physician should re; 


ad and remain alert to all data found in the complete 
prescribing information for the product. Please also see brief summary of prescribing information on the last page of advertisement 
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(35,036 total cycles). 
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Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


BRIEF SUMMARY 

Tri-Levien™ —6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17œ-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 


the 28-day triphasic nemen 
Indications and ri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(0Cs) as a method of contraception. 


OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 









= jarzma kaye- pendapate cardiovascular side effects from oral contraceptive use. This risk increases with age and 
with heavy (15 ar more cigarettes per day) and is quite marked in women over 35 years of age. Women who use oral 
contraceptives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, = disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs. however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks. however the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified. it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—in an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000: ages 45-49—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not possible, however, to examine the 
interrelationships of age, smoking and duration of use, nor to compare the effects of continuous vs. intermittent use. Although the 
Study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of these deaths occurred in women 
35 or older. Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to assess 
the magnitude of the relative risk for this younger age group. The available data from a variety of sources have been analyzed to 
estimate the risk of death associated with various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic disease in the case of OCs) plus the risk 
attributable to pregnancy or abortion in the event of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular 
insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug 
Should be discontinued immediately A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported 
in oral contraceptive users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an 
increased risk of thromboembolism or cae immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the use 
of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision: onset of proptosis or 
diplopia. papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies have 
reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for adenocarcinoma of the 
endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These products are no longer marketed. No evidence has been reported suggesting an increased risk of endometrial 
cancer in users of conventional combination or progestogen-only OCs. Several studies have found no increase in breast cancer in 
women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast cancer in women treated with 
OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A reduced occurrence of benign breast 
tumors in users of OCs has been well-documented. In summary, there is at present no confirmed evidence from human studies of an 
increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs is, nevertheless, essential. In all 
cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be taken to rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
Mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of temale sex 
hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
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period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 

7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the 
Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one Study. The clinical significance of these 
findings remains to be defined. 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases. however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 

9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding. as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned. 

Precautions—GENERAL— 1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than 1 year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The 
clinical significance of this is yet to be determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant woman 
is predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing gestation, it is 
possible that if a woman becomes pregnant shortly after stopping OCs, she may have a greater chance of developing folate deficiency 
and complications attributed to this deficiency. 9. The pathologist should be advised of OC therapy when relevant specimens are 
submitted. 10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OCs: a. 
Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, Vill, IX and X: decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulating total- 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

Information for the Patient—See Patient Package Labeling 

Drug Interactions — Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has Deen suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 


—Pregnancy Category X. See “Contraindications” and “Warnings.” 
Sete talus” Ses “Warnings.” 


Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage. hypertension, 
= disease, benign hepatomas, congenita! anomalies. 

is evidence of an association between the following conditions and the use of OCs. although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow: dysmenorrhea; amenorrhea during and after 
treatrhent; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion: possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine: increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted.: 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdose— Serious ill effects have not been reported ‘ollowing acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Dosage and Administration— To achieve maximum contraceptive effectiveness. Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses | or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information and package insert. 
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Clinical Opinion 


Screening for postmenopausal osteoporosis 


Margaret R. Davis, M.D. 
Washington, D. C. 


Postmenopausal! osteoporosis is an area of increasing concern to the gynecologist. Fractures will develop 
in approximately 15% to 25% of women in their later years and preventive therapy is best aimed 
specifically at this group. Predicting who will be the ones to sustain fracture is a difficult and imprecise 
clinical task. The clinical, laboratory, and radiologic methods available for this purpose are reviewed. A 
rational approach to this problem in today's setting is outlined. (Am J OBSTET GYNECOL 1987;156:1-5.) 


Key words: Osteoporosis, bone mineral content, photon absorptiometry, computed 


tomography 


The clinical diagnosis of osteoporosis is made when 
an atraumatic fracture associated with qualitative or 
quantitative evidence of reduced bone mass is docu- 
mented. Recently postmenopausal osteoporosis has be- 
come a burgecning area of interest in terms of medical, 
social, and economic costs; it is also a problem that is 
appropriately coming under the purview of the gyne- 
cologist. Prevention of fracture is the primary goal of 
intervention. To routinely identify women at particular 
risk, one should have reasonable and cost-effective 
screening criteria that demonstrate the ability to predict 
the likelihood of future fracture. 

This article will review for the clinician the clinical, 
laboratory and radiologic methods used in screening 
patients for the development of postmenopausal os- 
teoporosis. A conclusion will be drawn regarding a ra- 
tional approach that could be used to determine who 
might benefit from specific preventive measures. 


History 


The correlation of osteoporosis with the following 
factors is well documented: white and Oriental race, 
slender build and short stature, and the onset of early 
menopause (natural or surgical). A history of nontrau- 
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matic fractures in other female family members is sig- 
nificant. 

The relationship of osteoporosis to dietary factors 1s 
less firmly established, but some dietary factors may be 
of importance by virtue of their effect on calcium me- 
tabolism and body weight. Poor calcium intake has been 
identified in a significantly greater percentage of pa- 
tients with osteoporosis than in the general population. 
Diets high in caffeine, alcohol, phosphorus, animal pro- 
tein, and some acidifying foods decrease calcium ab- 
sorption or promote excretion. 

Other life-style habits should be investigated. Ciga- 
rette smoking has been linked to earlier menopause. 
Bone loss is accelerated with immobilization and pro- 
longed bed rest; thus sedentary living is an additional 
risk factor. 

Table I lists some causes of secondary osteoporosis. 
Careful questioning for a history of those conditions 
or symptoms suggesting them, along with a drug his- 
tory, is mandatory. 

Even patients with established osteoporosis may offer 
no symptoms. Severe, local back pain may develop dur- 
ing routine activity, but usually subsides within several 
months. Persistent pain can occur from altered spinal 
mechanics, but many compression fractures cause no 
pain at all. The patient may report body shortening or 
a “dowager’s hump.” Severe kyphosis can promote pul- 
monary dysfunction, abdominal discomfort, early sa- 
tiety, bloating, and constipation. 

Progressive loss of alveolar bone leading to tooth loss 


2 Davis 


Table I. Causes of secondary osteoporosis 
a 
Hyperthyroidism 
Hyperparathyroidism 
Hypercortisolism 
Hypogonadism 
Renal dysfunction 
Malabsorption disorders 
Connective tissue disorders (such as osteogenesis 
imperfecta) 
Neoplastic disease (such as multiple myeloma) 
Drug use 
Heparin 
Corticosteroids 
Anticonvulsants 
Aluminum-containing antacids 
Methotrexate 





may be a manifestation of osteoporosis. An early need 
for dentures with frequent refittings and a history of 
periodontal disease should alert the clinician. 


Physical examination 


The only physical signs may be loss of height or the 
development of kyphosis, or both, with loss of lumbar 
lordosis. Signs of other diseases should be sought. 

Simplified anthropometric measurements should be 
recorded, including accurate weight, standing height, 
and arm span. At bone maturity (approximately 30 
years of age), arm span should equal head-to-heel 
height. Skin-fold measurements can be made with a 
skin-fold caliper at the subscapular, suprailiac, triceps, 
and calf sites; by using reference tables, an estimation 
of the percent of body fat, which does correlate with 
the development of osteoporosis, is derived. It is of 
interest that although osteoporosis and osteoarthritis 
are both common in the older age groups, they are 


rarely seen together; indeed, the anthropometric pro- 


file for each is quite separate, with differences in skin- 
fold thickness constituting the most important dis- 
tinction. 


Laboratory methods 


No one laboratory method has been found to screen 
reliably for postmenopausal osteoporosis. In the un- 
complicated case, complete blood count, sedimentation 
rate, serum protein electrophoresis, calclum, phospho- 
rus, alkaline phosphatase and urinalysis values are all 
normal. These tests and others, however, are useful in 
identifying causes of secondary osteoporosis. For ex- 
ample, a low serum calcium level, a serum phosphorus 
level <3 mg/dl, or an elevated alkaline phosphatase 
level should prompt one to pursue the diagnosis of 
osteomalacia. 

Calcitonin levels and reserve do not correlate with 
bone density.! Hydroxyproline excretion is similar in 
osteoporotic and nonosteoporotic groups of women. 
Several more specialized tests have been studied. Serum 
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bone Gla protein is a specific marker for bone turnover 
but may be high, normal, or low in osteoporotic pa- 
tients, reflecting the heterogeneity of histologic find- 
ings.” One study examined alkaline phosphatase iso- 
zymes and suggested that elevated bone isozyme levels 
in the perimenopausal period predisposed to the de- 
velopment of osteoporosis as reflected in higher frac- 
ture rates.° 

Hormonal parameters have also been investigated. 
Most studies show no major differences in cortisol, an- 
drostenedione, estradiol, and estrone levels in osteo- 
porotic and normal women. Johnston et al." found that 
menopausal women who are “rapid bone losers” have 
very low circulating progesterone levels (<0.5 ng/ml), 
whereas “slow bone losers” have significantly higher 
levels. However, this is not a specific or highly discrim- 
inating test. Recently, the potential usefulness of a 
short-term gonadotropin-releasing hormone antago- 
nist test has been investigated in primates. Its aim would 
be to prospectively predict an individual’s risk of os- 
teoporosis by assessing her vulnerability to negative cal- 
cium balance with estrogen deficiency.” 

Two tests are commonly used in the early identifi- 
cation of clinical osteoporosis. An elevated fasting 
urinary calcium/creatinine ratio (>0.16) and an ele- 
vated fasting urinary hvdroxyproline/creatinine ratio 
(>0.012) suggest rapid bone turnover with excess os- 
teoclast activity. Again these are nonspecific parameters 
and there is substantial overlap in results from normal 
and osteoporotic groups of women. 


Histomorphometry 


Histomorphometry, usually performed on a bone bi- 
opsy specimen from the iliac crest, remains the most 
definitive invasive study for osteoporosis. Osteomalacia 
and certain forms of secondary osteoporosis can be 


excluded. Although the biopsy evaluates only one area 


of bone, it is a quantitative measurement and provides 
a reliable diagnostic indication of skeletal disease. The 
concept of histologic heterogeneity of postmenopausal 
osteoporosis has recently been developed on the basis 
of analyses of iliac crest bone biopsies. Although there 
is little morbidity in the technique, specialized equip- 
ment and expert analysis are required, and patient ac- 
ceptance may be low. It can be reserved for a selected 
group of patients. 


Radiologic methods 


Standard radiographs. Before reduction of bone 
mass can be detected on standard films, 20% to 40% 
of bone mineral must be lost. Characteristic abnor- 
malities on lateral spinal films include radiolucency of 
the vertebral spongy bone compared with the sub- 
chondral plates. Concave defects in the upper and 
lower surfaces of involved vertebra are noted, with 
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prominence of the vertical trabecular pattern, One or 
more vertebral crush fractures may be seen. X-ray ev- 
idence of osteoarthritis is usually lacking. In the pe- 
ripheral skeleton there is diffuse demineralization with 
cortical thinning of the long bones. A standard pan- 
oramic dental radiograph may indicate severe residual 
alveolar ridge reduction. These methods are relatively 
crude and insensitive. If used as screening measures, 
a high degree of bone loss will already have occurred 
before preventive measures can be instituted. 

Radiogrammetry. This is a standard x-ray technique 
that measures the thickness of the cortex oz metacarpal 
or other tubular bones. It requires the ability to take 
reproducible bone radiographs and make fine-caliber 
measurements. The outer diameter of the bone is mea- 
sured along with the marrow cavity diameter; subtrac- 
tion gives the combined cortical thickness. Compared 
with those of a large, normal population, these mea- 
surements are usually quite precise, and ihis can be a 
goed technique for cross-sectional and longitudinal 
studies. Because absolute bone mineral content and in- 
tracortical porosity are not measured, however, this 
method only provides information on relative changes 
in bone volume. Moreover, it is only applicable to the 
appendicular skeleton. Nonetheless, decreased cortical 
thickness is a measure of decreased bone mass, and 
spine and hip fractures are uncommon among women 
having a normal cortical thickness. The incidence of 
such fractures increases with decreasing cortical di- 
ameter. 

Microradioscopy of the hand bone invoives the afore- 
mentioned method with the use of fine-grain industrial 
film and increasing exposure time. With this proce- 
dure, cortical thickness and intracortica. porosity can 
be measured separately, allowing assessment of end- 
osteal and intracortical resorption. The linear endosteal 
resorption rate can be determined over a period of 
time; inasmuch as estrogen loss promotes bone resorp- 
tion at that site, this simple procedure may be useful 
for detection of early developing osteopenia in peri- 
menopausal women.° 

Photodensitometry. Photodensitometry uses the 
bone mineral image on standard x-ray film as an in- 
dicator of photon absorption by bone and thus an in- 
direct measurement of bone mineral content. The de- 
gree of whitening of the film is measured by a photo- 
densitometer and compared with a simultaneous 
exposure of a calibrated bone mineral analogue. Bones 
with little overlying soft tissue, such as the radius, are 
best measured. Some researchers have found good cor- 
relation between radial bone mineral mass measured 
by this method and the partial body calcium mass mea- 
sured by in vivo neutron activation, suggesting that 
changes in the proximal radius parallel those in the 
central skeleton. However, the technique does require 
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expertise and is somewhat time-consuming. Precision 
(reproducibility) and accuracy is relatively poor.*’ 

Singh index. The change in the trabecular pattern 
of the proximal femur is the basis of the Singh index. 
When bone mass is diminished, the first trabeculae to 
disappear are those subject to minor functional stresses. 
The disappearance of various groups of trabeculae 
seems to occur in a precise order, allowing the recog- 
nition of seven degrees of progressive osteopenia. A 
standard x-ray of the pelvis is taken, with the lower 
limbs slightly internally rotated to better view the prox- 
imal femur. Quantitative values for bone mineral con- 
tent have been obtained by densitometric methods that 
correlate with each of Singh’s categories. Although the 
Singh technique is easy to perform and interpret, the 
accuracy is poor, and prospective studies have con- 
cluded that the Singh index is of little prognostic value." 

Compton scattering. This is a largely experimental 
approach that measures trabecular bone density by us- 
ing Compton scattered radiation. The extent of scat- 
tered radiation depends on the electron density (thus 
total density of bone plus marrow) of the scattering 
medium. The precision and accuracy of density deter- 
minations is about 3%." 

Single- and dual-photon densitometry. Single-pho- 


_ton absorptiometry is now probably the most widely 


used technique for estimation of bone mass. A highly 
collimated beam of monoenergetic radiation is passed 
across a limb, and the transmitted radiation is moni- 
tored with a scintillation detector. To ensure even soft 
tissue coverage, the limb is encased in a water bath or 
other tissue-equivalent medium. The amount of min- 
eral in the bone is proportional to the change in inten- 
sity of the beam, and bone mass is calculated by com- 
paring it with known standards. The most widely stud- 
ied site is the radius. In an attempt to correlate more 
closely with the axial skeleton, a “5 mm site” has been 
established for measurements near the distal radius, 
which may be composed of more than 50% trabecular 
bone.’® Precision (reproducibility) is good, 2% to 5% in 
the clinical setting. The principal determinant is re- 
positioning at the same site on repeated scans. Because 
the distal radius is irregular in shape, whatever advan- 
tage is gained by measuring there, where more active 
trabecular bone is present, may be lost in reduced pre- 
cision. 

From repeated measurements of this kind, data have 
been computed, averaged, and printed out on a “frac- 
ture index chart.” Serial measurements are plotted on 
the chart every 6 to 12 months, and the fracture risk 
is predicted. Specifically, bone density (mineral content/ 
bone width) of 325 mg/cm? was found to be a “fracture 
threshold”; it is the distal radius density value >95% 
of all values from fracture patients.) Unfortunately, 
overlap among groups is significant, in the range of 
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Table II. Radiation exposure of 
various techniques 


Technique | Local exposure (mrem) 


Radiogrammetry = 100 
Photodensitometry = 100 
Compton scattering 300 - 500 
Photon absorptiometry —_ 

Single-energy 2-5 

Dual-energy 5-15 
Computerized tomography 

Single-energy 200 - 250 

Dual-energy 250 - 400 
Neutron-activation analysis 309 - 5000 





15% to 20%. As might be expected, this technique does 
not consistently reflect changes occurring in other parts 
of the skeleton and other types of bone. 

Attempts to apply single-photon absorptiometry to 
areas of trabecular bone have been only partially suc- 
cessful. Major problems include soft tissue interference 
and increased precision errors in measuring at many 
sites. The os calcis (calcaneus or “heel bone”), which is 
more readily accessible, has been measured by means 
of rectilinear scanning methods, necessary because of 
its irregular shape. The extent of os calcis demineral- 
ization seems to correlate better with the degree of 
spinal osteopenia and shows a consistent relationship 
to fracture prevalence. It has been postulated by some 
that this measurement is the best predictor of nonspine 
and spine fracture risk, short of actual density deter- 
minations of the site in question." 

Dual-photon absorptiometry makes measurements at 
two distinct energies, thereby eliminating the need to 
have constant thickness of soft tissue around the bone. 
Direct measurements of the femoral neck and spine are 
feasible. Like the single-photon method, however, it 
cannot discriminate between cortical and trabecular 
bone at these sites. The long-term precision is approx- 
imately 2% to 3%, and its greatest reliability is in fol- 
lowing changes in skeletal bone mineral content over 
a period of time. Good discrimination is seen between 
subjects with fractures and control subjects; those with 
compression fractures average approximately 2 SD be- 
low control values but only 1 SD below normal in radius 
tone density. It has also been demonstrated that se- 
quential changes occur much more rapidly in the lum- 
bar spine than in the appendicular skeleton, one of the 
reasons that single-photon absorptiometry methods are 
relatively poor in predicting fracture risk. 

Single- and dual-energy computerized tomography. 
The usefulness of computerized tomography tor mea- 
surement of bone mineral is its ability to obtain a quan- 
titative image in either the axial or the appendicular 
skeleton and separately measure trabecular or cortical 
bone. Recently, sophisticated modifications in standard 
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computerized tomographic scanners, with the use of 
special software and calibration techniques, have spe- 
cifically allowed determination of vertebral cancellous 
bone mineral content with a precision of 2% to 3%." 
Excellent correlation has been found between vertebral 
trabecular mineral determined by computerized to- 
mography and iliac crest trabecular bone volume de- 
termined by histomorphometry.™ Individual patients 
with rapid bone loss can be identified in 12 to 24 
months. The relationship of vertebral mineral content 
by computerized tomography to fracture risk is similar 
to other bone mass measurement techniques; that is, 
there is a threshold value above which fractures are 
unlikely and below which they may occur. It has been 
found that compression fractures or vertebral wedging 
was generally absent in patients with vertebral mineral 
values >110 mg/cm’, whereas almost all patients with 
values <65 mg/cm“ suffered fractures." 

Neutron activation. Neutron activation analysis is 
considered the “gold standard” for calculating body 
calcium content. By neutron irradiation the calcium 48 
of the body is converted to calcium 49, and the sub- 
sequent decay back to calcium 48 is measured with a 
counter. Because calcium Is a constant fraction of bone 
mineral, it can be interpreted as an indicator of skeletal 
mass. Any extraosseous calcification will detract from 
the method’s validity. Both total body and local calcium 
content can be measured; however, this method that ts 
limited to the spine, for instance, involves higher ra- 
diation doses with a precision of 3% to 5%. As with the 
other techniques, overlap is seen in results obtained 
from osteoporotic and normal populations.’® 


Comment 


No single measurement, even the most perfect, will 
accurately discriminate between patients who will and 
will not have fractures. Other variables, including wide 
biologic variation, time, and stress, all factor in with 
bone density in determining the potential for osteo- 
porosis. In considering the above methods for clinical 
practice, the information that can be derived from them 
and their limitations should be kept in mind. Options 
range from fairly gross measurements of integral (cor- 
tical plus trabecular) bone in peripheral sites to precise 
quantitation of trabecular bone in vertebral sites. Com- 
mon sense would lead one to believe that the best tech- 
niques would be the ones that measure the actual areas 
of greatest clinical concern—the spine and the hip. 
Dual-photon absorptiometry and computerized tomo- 
grapic scanning are the two methods that meet these 
criteria for clinical utilization. They have low errors of 
precision and accuracy and have been shown repeat- 
edly to be useful for diagnosis and for monitoring of 
changes. 

In addition, other considerations are important. All 
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of the noninvasive methods for determining bone mass 
involve a radiation dose (see Table II). Practicality 
would dictate that only the standard radiographic 
methods and single-photon densitometry are easily 
adaptec to routine screening in a private office; these 
are the least discriminating tests to use in predicting 
risk. Cast, of course, will also dictate what is practiced. 
Computerized tomographic scanners cost $750,000 to 
$1 million, with testing charges of $300 to $500. The 
cost of a dual-photon bone scanner ranges from 
$35,000 to $40,000, with scanning costing $125 to 
$200. A single-photon densitometer is priced less than 
$20,000. Third-party payments of these costs are vari- 
able at best. The Blue Cross—Blue Shield insurance plan 
presently recommends that both single- and dual-pho- 
ton absorptiometry be considered “experimental/in- 
vestigational” and therefore not covered. Local plans 
may or may not opt for this. In Florida, insurance cov- 
ers single-photon absorptiometry if the diagnosis is os- 
teoporosis but not if it is used as a screening tool. In 
New York, single-photon absorptiometry is reimburs- 
able whereas the dual method is not. 

The tong-term efficacy of therapeutic methods is not 
definitely known, but it is estimated that prophylactic 
hormone replacement in postmenopausal women 
could reduce the hip fractures rate by 40% to 60%. The 
curren: diagnostic related group (DRG) allowance for 
treatment of hip fracture is approximately $9000. 
Yearly bone scans and endometrial biopsies for a 
woman from 50 to 80 years of age may approach that 
figure, but of course the number of women screened 
and treated will far exceed the number who sustain 
fracture. 

With technology as it presently exists, most clinicians 
for most patients will probably continue to rely heavily 
on clinica] data alone in evaluating for postmenopausal 
osteoporosis. Patients considered on a clinical basis to 
be at especially high risk may warrant referral for dual- 
photon absorpuometry or computerized tomographic 
scanning. These should be done annually at least 
through the 8 to 10 years immediately after meno- 
pause, when maximal bone loss is occurring. Third- 
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party coverage should become standard. It is not to be 
presumed that hormone replacement therapy is war- 
ranted only in those who undergo scanning and are 
found to have decreased bone mineral content. 
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Breech delivery: Why the dilemma? 


Stephen A. Myers, D.O., and Norbert Gleicher, M.D. 
Chicago, Illinois 


A critical review of selected studies of breech delivery is presented with special attention to the statistical 
analysis of outcome for low birth weight and term breech delivery. Analysis of the data fails to support the 
routine use of cesarean birth for all cases of breech delivery except for those with hyperextension of the 
head. The implication of these findings is discussed. (AM J OssteT GYNECOL 1986;155:6-10.) 


Key words: Breech delivery, cesarean section 


Cesarean delivery rates continue to Increase in spite 
of National Institutes of Health consensus report rec- 
ommendations to the contrary. The abdominal route 
of delivery is often chosen even when clear, convincing 
data fail to demonstrate any advantage over the vaginal 


route, with repeat cesarean sections representing the 


most significant example. Because breech delivery ac- 
counts for only 10% to 15% of all cesarean sections (3% 
of all deliveries) and because many authors advocate 
routine cesarean section for breech delivery, not much 
attention has been focused on this cesarean delivery 
indication. It is the purpose of this review to critically 
analyze the obstetric literature in order to answer the 
question of whether cesarean section for breech pre- 
sentation results in better obstetric outcome when com- 
pared with vaginal delivery. An all-encompassing re- 
view of the breech literature is neither relevant to the 
above question nor within the scope of this commu- 
nication. A more complete review of all breech data 
has recently been published.’ Several key issues and 
their key references will, however, be discussed in more 
detail. 


Review of published data 


Outcome comparisons of breech delivery and deliv- 
ery in cephalic presentation, which may vary in mag- 
nitude, are nonetheless uniform in their results. For 
most of the important end points, infants born in 
breech presentation do worse than those in cephalic 
presentation. This comparison has been summarized 
by Seeds and Cefalo” (Table I). With this adverse out- 
come in mind, increasing use of cesarean section for 
breech delivery has occurred on the basis of the as- 
sumption that abdominal delivery would improve out- 
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Table I. Risks associated with breech 
presentation 


Fetal risk | Approximate incidence 


Prematurity 16%-33% 

Major anomalies 6%-18% 

Birth trauma 13 times normal risk 
Cord prolapse 5-20 times normal risk 
Intrapartum asphyxia 3-8 times normal risk 


Spinal cord injuries and 21% 
deflexion 

Hyperextension of head 5% 

Arrest of aftercoming head 8.8% 


Modified from Seeds and Cefalo? 


come. Major factors to be considered in analysis of this 
issue are: frank versus nonfrank breech presentation, 
the use of Piper’s forceps, preterm breech delivery, and 
term breech delivery. 


Frank versus nonfrank breech 


The observation has been made that nonfrank 
breech presentation is accompanied by increased peri- 
natal mortality.” This observation has been used to jus- 
tify the suggestion that patients with infants with non- 
frank breech presentation not be allowed to labor. How- 
ever, two important variables that affect outcome 
compound the analysis of nonfrank breech presenta- 
tions—birth weight and cord prolapse. 

Goldenberg and Nelson‘ have demonstrated that the 
proportion of breech deliveries that are nonfrank in- 
creases as birth weight decreases. They reviewed the 
records of 141 patients with breech presentation who 
were delivered vaginally. Their findings reveal, in in- 
fants weighing <2000 gm, that 66% of all breech pre- 
sentations are nonfrank, whereas only 33% are frank. 
Consequently, data comparing frank and nonfrank 
presentations alone may include differences in birth 
weight distribution that will also affect outcome and 
survival. A second factor may also compound outcome 
analysis comparing frank and nonfrank breech pre- 
sentation. Nonfrank breech presentations are associ- 
ated with significantly more instances of cord prolapse.’ 
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Table II. The low birth weight breech 












Woods? 1970-1975 61/16 35/75 
Karp et al.? 1970-1975 47/18 0 
Bowes et al.® 1970-1977 119/32 35/75 
Duenhoelter et al? 1972-1977 44/44 45/100 
Mann and Gallant? — 279/157 0 
Effer et al.'® 1973-1980 67/95 0 
Gimovsky et al.° 1980 25/44 0/67 
Main et al." 1977-1981 123/93 42/71 


Unless outcome analysis includes adjustments for these 
two potential biases, incorrect conclusions may follow. 

Two studies that do not have the above biases have 
failed to demonstrate any difference in outcome for 
frank and nonfrank breech delivery. Woods,’ in a ret- 
rospective review of 73 breech deliveries, failed to show 
any difference in outcome of frank or nonfrank breech 
delivery. He also failed to show any benefit of cesarean 
section for either group. Similarly, Gimovsky et al.,° in 
a prospective randomized study, failed to demonstrate 
a beneficial effect of cesarean section. In that study all 
infants with nonfrank breech presentation were ran- 
domized to either abdominal or vaginal delivery. The 
groups were comparable in birth weight and gestational 
age. No differences in the rate of mortality or trauma 
were demonstrated. In spite of these data, cesarean 
section continues to be recommended for nonfrank 
breech presentations. 


Piper’s forceps 

Milner’ has demonstrated that application of Piper’s 
forceps to the aftercoming head will reduce neonatal 
mortality by one half in all birthweight groups. He ob- 
served a neonatal mortality of 162/1000 when Piper’s 
forceps were not used, compared with 28/1000 when 
Piper’s forceps were used. Moreover, this difference 
was still present when the data were analyzed by specific 
birth weight groups, for instance, for 1000 to 1499 gm 
birth weights, 22% mortality with forceps and 47% 
mortality without forceps.’ Although these mortality 
figures are not directly comparable to more recent in- 
formation, no published data refute Milner’s conclu- 


Survival ratio of vaginal te cesarean 







Ratio of 
Years of vaginal to 1000-1499 
Author study cesarean deliveries gm 
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deliveries 













Birth weight 


1500-1999 | 2000-2499 
gm gm 
0 0 


Comments 


Head entrapment X7 in vaginal 
group. Respiratory distress 
syndrome cause of mortality 
in >50% 


0 0 17% prolapsed cord in non- 
frank breech 

0 0 Includes 500-1500 gm birth 
weight since no difference 
with 500-999 gm documented 

0 0 50% of deaths before 1974 

0 0 No difference in 500-999 gm 


group. No difference in Ap- 
gar scores 


0 0 No difference in 500-999 gm 
group 

0 0 Similar for 500-999 gm group. 
Mortality only <1300 gm 

0 0 Includes 67 deliveries of 750- 


999 gm 


sion. Despite this observation, reports of vaginal breech 
delivery continue without either discussion of the use 
of Piper’s forceps or tabulation of frequency of their 
usage. It can only be stressed that the use of Piper’s 
forceps be more routinely applied and reported. 


Low birth weight breech 


Perhaps the most controversial data regarding the 
effect of route of delivery on outcome are in the low 
birth weight breech group. Although fetopelvic dis- 
proportion does not occur, the possibility or head en- 
trapment may be theoretically increased on the basis of 
the relatively larger head in a premature infant. More- 
over, many authorities believe that premature infants 
are more susceptible to “trauma” during vaginal deliv- 
ery. The eight most prominent studies covering this 
issue are summarized in Table IJ. Included in the table 
are the years in which the studies were performed, the 
total number of infants studied, and survivals in each 
of three birth weight groups. Inspection of these data 
reveals that no author was ever able to demonstrate a 
benefit of cesarean section in birth weights above 1500 
gm, compatible with 30 to 31 weeks’ gestational age, 
yet routine cesarean section generally is advocated for 
premature breech infants. 


Very low birth weight breech 


Data for the very low birth weight breech infant de- 
serve further scrutiny. Studies of Woods, Bowes et al.,® 
and Duenhoelter et al.° share a common flaw. In the 
early 1970s, the viability of infants weighing <1500 gm 
was clearly questioned. These three studies included 
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Table III. Mortality in very low birth weight 
breech deliveries (n = 37) 


Cesarean 
Vaginal | section 





Significance 
500-999 gm 12 9 
1000-1499 gm 3 13 
Mortality (%) 93 33 p < 0.05 
(authors’ 
data) 
Sample <1000 gm (%) 80 4l p < 0.05 
(our cal- 
culation) 


Modified from Gimovsky et al." 


Table IV. Mortality in very low birth weight 
breech deliveries (n = 37) ` 


Cesarean 
Vaginal section Significance 


750-999 gm 45/52 9/15 NS 
1000-1249 gm 19/40 12/46 NS 
1250-1499 gm 7/31 6/32 NS 
No. of deaths/ 71/123 (58%) 27/93 p < 0.05 

Total No. (29%) 
Sample <1000 43 16 p < 0.05 
gm (%) (our cal- 
culation) 


Modified from Main et al."! 


patients who were delivered vaginally because they 
were thought in fact to carry previable infants. As an 
almost self-fulfilling prophecy, many of these infants 
subsequently died. Although cesarean section was oc- 
casionally carried out for maternal indications, it was 
usually only performed if the fetus was considered vi- 
able. Since the prognosis of viability was not prospéc- 
tively controlled for in the management decisions of 
these three studies, the studies have to be considered 
of questionable validity and can be useful for compar- 
ative purposes only. 

Two of the later studies (Table II) warrant further 
discussion. Gimovsky and Paul" reported a consider- 
able benefit of cesarean sections in the very low birth 
weight group (Table III). However, 40% of deaths in 
their group delivered vaginally occurred in infants 
weighing <750 gm. Were these infants considered vi- 
able at Los Angeles County Hospital in 1980, or would 
they be considered as such even today? Moreover, the 
confounding effect of birth weight distribution differ- 
ences between vaginal and abdominal groups was not 
considered. A significantly higher percentage of infants 
<1000 gm occurred in the vaginal group compared 
with the abdominal group (80% vaginal versus 41% 
abdominal; p < 0.05, our calculation). Surely the effect 
of birth weight on survival cannot be ignored. An iden- 
tical error was made by Main et al.'' (see Table IV). 
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Table V. Recommendations for breech 
delivery 


Factors favoring vaginal delivery 

Birth weight <4200 gm 

Adequate pelvis 

Good progress of labor 

Absence of hyperextension of fetal head 
Factors favoring cesarean section 

Birth weight >4200 gm 

Borderline pelvis 

Poor progress of labor (particularly descent) with 

adequate contractions 
Fetal distress 
Hyperextension of the fetal head 


Although they correctly noted that there was no sig- 
nificant difference in survival in any of the three birth 
weight groups between 750 and 1500 gm, they chose 
to add the three weight groups together to come to the 
extraordinary conclusion that the vaginal delivery 
group did worse. In doing so, they failed to note that 
by lumping all three groups together, the vaginal group 
birth weights were skewed to those <1000 gm (43% 
under 1000 gm in the vaginal group versus 16% under 
1000 gm in the cesarean group; p < 0.05, our calcu- 
lation). Once again the confounding effect of birth 
weight on survival was interpreted as an effect of the 
route of delivery. 

The most definitive data published to date on route 
of delivery for very low birth weight infants were re- 
cently presented by Kitchen et al.'? from Melbourne. 
Their work included data on 326 infants born at 24 to 


28 weeks’ gestation between 1977 and 1982. Included 


in this group were 117 breech deliveries. The work of 
the Melbourne group stands out from all other pub- 
lished data for three major reasons. First, a prospective 
determination was made thet all infants in the study 
were viable and consequently no infant’s management 
was prejudiced by the expectation that the infant would 
die. Second, statistical analysis was performed with the 
use of a stepwise logistic regression analysis that took 
into account 14 different obstetric variables that could 
affect survival, including route of delivery. Last, and 
most important, half of the study infants were evalu- 
ated at 2 years of age with neurological and develop- 
mental assessments. We know of no other study of very 
low birth weight breech deliveries that includes these 
three crucial elements. The route of delivery was not 
prospectively randomized in the Melbourne study. It 
was assumed that vaginal delivery was safe and cesarean 
section was reserved for obstetric indications such as 
fetal distress and maternal disease. Only 16% of breech 
deliveries were by cesarean section. The authors found 
no difference between the two groups in either im- 
mediate or long-term outcome. Those advocating rou- 
tine abdominal delivery for the very low birth weight 
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breech have no comparable data in support of their 
recommendation. 


Term breech 


Regarding term breech deliveries the two most sig- 
nificant studies for current obstetric practice are by 
Collea et al.” and Green et al. Collea et al. studied 
the outcomes of 208 patients with frank breech pre- 
sentation at term in a prospective study with patients 
randomized to either vaginal or abdominal delivery. 
The conclusion of the authors was that vaginal delivery 
of the term frank breech was acceptable, provided pa- 
tients fulfilled the minimum criteria of their study pro- 
tocol.’* There was no apparent advantage of cesarean 
section for the neonate. As expected, maternal mor- 
bidity was significantly greater in the abdominal deliv- 
ery group. 

A more provocative observation was made by Green 
etal.’ in Montreal. When they retrospectively observed 
the outcome of 600 term breech deliveries during the 
period 1963 through 1973, they noted that birth 
trauma and birth asphyxia occurred in 18% of the de- 
liveries. The cesarean section rate for that group was 
22%. They reasoned that this incidence of birth trauma 
and birth asphyxia, which they considered unnecessar- 
ily high, could be reduced by the more liberal use of 
abdominal delivery. By 1978, they had been successful 
in increasing their cesarean section rate to 94% of all 
breech deliveries. Subsequent review of their data for 
1978 and 1979 (n = 175) again indicated an incidence 
of birth trauma and birth asphyxia of 18%. This ex- 
perience clearly demonstrates that the increase in ce- 
sarean section rate did not affect breech outcome. 


The experience factor 


It has been suggested that because today’s obstetri- 
cians have inadequate experience with vaginal breech 
delivery, abdominal delivery represents a more prudent 
choice for “young practitioners.” We reject this notion 
for several reasons. First, ignorance about the tech- 
nique of breech delivery can result in trauma in both 
vaginal and abdominal delivery. A fetus will thus not 
benefit from abdominal delivery if the ae tech- 
nique used is inappropriate. 

Itis the profession’s responsibility to provide training 
in breech delivery technique during the residency pe- 
riod. During this time a house officer has the oppor- 
tunity to accumulate a concentrated, supervised ex- 
perience, unmatched by any subsequent period of his 
or her professional life. The education of young phy- 
sicians las to be the responsibility of senior obstetricians 
who have accumulated sufficient clinical experience in 
breech delivery to serve in a consulting capacity. Within 
such an educational framework, one could in fact fore- 
see that these senior consultants will be available during 
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vaginal breech deliveries at their institutions. Patients 
could thus be assured that breech deliveries are per- 
formed by the most experienced obstetrician in the 
safest way for mother and infant. After all, inexperi- 
ence should never be the reason for a surgical solution. 
Experience is usually available. 


Cost consideration 


Cesarean section, compared with vaginal delivery, 
costs an additional $2700 per patient in hospital cost 
alone. Among 3.5 million deliveries per year in the 
United States, approximately 122,500 are in breech 
presentation. Currently, national cesarean section fig- 
ures suggest that approximately 70% to 80% of all 
breech deliveries are performed by cesarean section. If 
the above-mentioned data from the Melbourne" and 
Montreal’? groups are representative and a 20% cesar- 
ean section rate can safely be applied, 50% to 60% of 
breech deliveries (60,000 to 70,000 deliveries per year) 
are at present subjected to unnecessary cesarean sec- 
tions. The annual national hospital cost for unnecessary 
cesarean sections for breech presentation thus ap- 
proaches $200,000,000 per annum. These cost calcu- 
lations do not include added costs for physician ser- 
vices, etc. Improved neonatal outcome could justify 
such cost. As should be evident, from the above-pre- 
sented data, however, no such benefit exists. 


Recommendation 


On the basis of the review of obstetric literature, we 
suggest that previously held risk factors for vaginal de- 
livery, such as nonfrank breech presentation, parity, 
and low or very low birth weight, are not associated 
with increased risk for birth trauma or birth asphyxia 
when vaginal delivery is compared with cesarean sec- 
tion. Patients presenting in labor with breech presen- 
tation must have the following: (1) ultrasound exami- 
nation to exclude obvious anomalies, check placental 
localization, corroborate clinical estimate of fetal 
weight, and evaluate the angle between the cervical and 
thoracic spine; (2) clinical or x-ray pelvimetry if esti- 
mated fetal weight is >3500 gm or to corroborate hy- 
perextension of the fetal head if ultrasound is unavail- 
able or inadequate; (3) continuous electronic fetal 
monitoring; (4) adequate documentation of normal 
progress of labor. Should risk factors known to be as- 
sociated with adverse outcome develop, cesarean deliv- 
ery is to be used (see Table V). On the basis of the 
Montreal and Melbourne experience,’* "$ the need for 
abdominal delivery should, however, not exceed 20% 
to 25% of all breech deliveries. Effective cesarean sec- 
tion monitoring programs for breech presentations 
therefore need to be developed. Such programs could 
include mandatory chart review and could be designed 
to tabulate which risk factors for vaginal breech delivery 
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have been documented on the chart. However, peer 
review can Only be effective if a consensus develops in 
the professional’s above-outlined guidelines. Most im- 
portant, such an approach could be taken with confi- 
dence that no adverse effects on either mother or new- 
born infant would occur. 
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Clinical Articles 


Immunoproteins in the endometrium: Clinical correlates of the 
presence of complement fractions C3 and C4 


Delphine Bartosik, M.D., Ivan Damjanov, M.D., Ph.D., Richard R. Viscarello, M.D., and 


Judith A. Riley, M.D. 
Philadelphia, Pennsylvania 


The presence of complement fractions C3 and C4 in endometrial tissue was studied in a consecutive 
series of patients undergoing diagnostic laparoscopy, to determine their specific association with 
endometriosis. The incidence of complement in eutopic endometrium of patients grouped according to four 
diagnoses was: endometriosis, 66% positive (23 of 35); active pelvic inflammatory disease, 85% positive 
(11 of 13); combined endometriosis with pelvic inflammatory disease, 25% positive (one of four); 
laparoscopically normal pelvis, 67% positive (10 of 15). These differences were not statistically significant. 
Complement was equally likely to be found in proliferative, secretory, menstrual, or inflammatory 
endometrium. Endometrial complement was found less frequently in patients with severe endometriosis as 
compared with those with the mild form. Among patients with endometriosis and infertility, complement 
was much more likely to be found in patients with primary infertility than in those with secondary infertility 
(p < 0.007). In short-term follow-up of these patients, the absence of complement in the eutopic 
endometrium appeared to be a good predictor of subsequent pregnancies. (Am J OBSTET GYNECOL 


1987;156:11-5.) 


Key words: Endometriosis, pelvic inflammatory disease, complement, immunoglobulins, 


endometrium, infertility, autoimmune phenomena 


Weed and Arquembourg' reported that the comple- 
ment fraction C3 was found in the eutopic (uterine) 
endometrium of patients with endometriosis but was 
absent from control subjects. On the basis of these ob- 
servations, they formulated the hypothesis that endo- 
metriosis is an autoimmune disease. However, no other 
studies of the specificity of this phenomenon have been 
reported. Therefore we studied a consecutive series of 
patients for the presence of complement fractions C3 
and C4 in the uterine endometrium. Our observations 
are the subject of this report.* 


Material and methods 


Patient population. All patients in whom laparoscopy 
with endometrial biopsy was performed during a 4- 
month period were included in this study. There were 


From the Division of Reproductive Medicine, Department of Obstetrics 
and Gynecology, and the Department of Pathology, Hahnemann 
University. 

Received for publication February 18, 1986; revised June 20, 1986; 
accepted July 11, 1986. 

Reprint requests: Delphine Bartosik, M.D., Department of Obstetrics 
and Gynecology, Division of Reproductive Medicine, Hahnemann 
University, Broad and Vine, Philadelphia, PA 19102. 


Table I. Indications for laparoscopy among 
the patient population studied 


Pelvic Without 
pain* pelvic paint | Total 


Primary infertility? 13 l 14 
Secondary infertility§ 10 8 18 
Without infertility|| 24 11 35 
Total 47 20 67 


*The major pain manifestation in these patients was sec- 
ondary dysmenorrhea. However, five patients had constant 
pelvic pain. 

tThere was no pelvic discomfort. 


Defined as the inability to conceive after 12 months of 
unprotected intercourse but with no previous pregnancy. 


§Defined as the inability to conceive after 12 months of 
unprotected intercourse; however, there had been an earlier 
pregnancy. 

\|Fertility was not an issue in these patients. However, some 
of them were having unprotected intercourse. 


a total of 67 patients. Clinical indications for perform- 
ing laparoscopy are summarized in Table I. Thirty-two 
patients had either primay or secondary infertility and 
47 patients had pelvic pain. There were 11 other pa- 
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Fig. 1. Complement fraction C3 in the glandular epithelium of the endometrium. 
Fig. 2. Complement fraction C3 under the surface of the endometrial lining. 


Fig. 3. Complement fraction C3 around the glandular basement membrane and in the stroma of 
the endometrium. 
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es tients in whom the indications for laparoscopy were: 
evaluation of a pelvic mass (seven), laparoscopic tubal 
sterilization (two), and evaluation for tubal reanasto- 
mosis (two). Laparoscopy was performed in the stan- 
dard manner with a second puncture probe used to 
permit visualization of all pelvic peritoneal surfaces. 
-Immunofluorescence microscopy.’ The endome- 
rial tissue was placed in sodium chloride, 0.15 mol/L 
erred to the laboratory, frozen in liquid nitrogen, 
id embedded i in OCT (Lab Tek, Naperville, Indiana). 
Sections of 8 pm were cut on a cryostat, postfixed in 
cold (4° C) acetone for 10 minutes, rehydrated, and 
_ processed further for incubation with the antibody. All 
incubations were performed in a moist chamber at 
room temperature for 1] hour. The fluorescein isothio- 
cyanate—labeled antisera raised in goat or rabbit to hu- 
man complement fractions C3 and C4 were purchased 
from Cappel Laboratories, Cochranville, Pennsylvania. 
© Ratios of fluorescein to protein varied from 1.6 to 3.9. 
| a Monospecificity of the antisera was determined by im- 
~ munoelectrophoresis and by Ouchterlony double dif- 
_ fusion. The optimal dilution for direct immunofluo- 
; _ rescence staining was determined by titration on an 
ger open renal biopsy specimen known to contain deposits 
< of immunoglobulin and complement and varied, in 
general, from 1:10 to 1:30. The same renal tissue was 
— used as a positive control run in parallel in all endo- 
` metrial specimens. The controls included tissue sections 
incubated with the same antibodies, but not labeled with 
-... fluorescein isothiocyanate or preabsorbed with human 
- complement or simply with fresh human plasma. The 
~~. preabsorbed antiserum was found to be unreactive with 
_ the “positive control,” the kidney biopsy specimen as 
- described above. Coverslips were applied, and the slides 
ere mounted with glycerol and examined with a Leitz 
1icroscope outfitted with ultraviolet epiillumination. 
The findings were subjectively evaluated and graded 
7 as negative or as mild, moderate, or strongly 
re (0 to 3). The reactivity o of the ı uterine FR 
































*Endometriosis is classified according to the staging proposed by The American Fertility Society. 
tin all patients noted to have endometriosis and pelvic inflammatory disease, the former was stage I. 






















epithelium, stroma, and vessels were evaluated sepa- 
rately. The diagnoses were not available to the pathol- 
ogist when the slides were evaluated. ho 
Routine histologic evaluation. Sections of the re- > 
maining endometrial tissue were fixed in 10% form. > 
aldehyde and stained with hematoxylin and eosin. 
Statistical analyses. All comparisons of the preva- 
lence of complement within the several diagnostic cat- | 
egories were analyzed by x? tests. — 


Results 7 
Immunofluorescence microscopy. Examples of en- 
dometrial tissue showing the presence of C3 are ius- 
trated in Figs. 1 to 3. Fig. 1 illustrates C3 in the glan- 
dular epithelium of the endometrium. Fig. 2 illustrates 
C3 directly under the surface of the endometrial lining: 
Fig. 3 illustrates C3 around the glandular basement 
membranes and in the stroma. Microscopy of C4 m- 
munofluorescence in the endometrium was similar to 
the figures presented for C3. E 
We were unable to determine a disease-specific vate 
tern of C3 or C4 within the morphologic subsets of 
endometrium, that is, glands, basement membranes, o p 
stroma. Subsequent analyses were therefore tabulated 
either as positive or as negative. TEE 
Incidence of complement in the uterine endine: 
trium. Sixty-seven percent of all patients had either C3 
or C4 in the uterine endometrium. With analysis ac- 
cording to laparoscopic diagnosis, 66% (25 of 35) of 
patients with endometriosis, 85% (11 of 13) of patient 
with pelvic inflammatory disease, 25% (one of four) of 
patients who had both endometriosis and pe Ivicinfi S 
matory disease, and 67% (10 of 15) of pat n 
laparoscopically normal pelvis had either C3 
the uterine endometrium. These data are pe age 
Table II. : oe 
Association 
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-Table IV. Association between infertility and 
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a ~)C3, (+)C4 2 3 5 
ICS, (-)C4 5 5 6 
Total 14 19 35 
Percent positive for 86 63 60 
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~ established by the American Fertility Society." Among 
: patients with endometriosis, there appeared to be a 
- negative correlation between the stage of endometriosis 
: nd the incidence of complement. Thus 79% (15 of 19) 
of patients with Stage I, 50% (five of 10) of patients 
-with Stage H, and 40% (three of five) of patients with 
. Stage IHI endometriosis had demonstrable complement 
in the uterine endometrium. However, these differ- 
ences were not statistically significant. 

sociation between endometrial histologic fea- 
and the presence of complement. The association 
ween. endometrial histologic features and the pres- 
er i of C3 and/or C4 in the uterine endometrium | 18 
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nosis, endometrial complement was slightly more likely an 
to be found in patients with primary infertility. These 
data are summarized in Table IV. However, among | the e S 
patients with endometriosis alone, endometrial C3- s ae 
was much more likely to be found in the group: of ig uae 
patients with primary infertility than in those with sec- © 0> 
ondary infertility. Ten of the 11 patients. with endo- a o 
metriosis and primary infertility had endometrial com- er 
plement, whereas only five of the 10 patients with sec 
ondary infertility had endometrial complement. These ee 
differences were statistically significant (p < 0.007). 

In short-term follow-up of this group of patients, 
four patients with Stage I endometriosis became preg- 
nant. None had endometrial complement.’ Among all 
patients with Stage I endometriosis, 79% had endo- 
metrial complement. 









Comment 


The purpose of this study was to determine whether” o 
complement (C3 or C4) could be found in the eutopi 
(uterine) endometrium of patients with endometriosis ee 
and be absent from the endometrium of other patients. _ 

In contrast to the report of Weed and Arquembourg,' 

we observed that complement in the eutopic endo- 
metrium is not specific for patients with endometriosis. EE 
Endometrial complement was found among patients © 
with pelvic inflammatory disease and in patients with eee 
a laparoscopically normal pelvis. For the purposes of 

this report, a laparoscopically normal pelvis is defined 

as one with neither endometriosis nor pelvic inflam. — 
matory disease. However, this group of subjects in- a. 
cluded a disproportionate number of patients wi hin- 
fertility and/or pelvic pain. Among the latter, m stof 
thew women either were not aera active o or or were sing 
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a to aoe of their PaE with abal disease, 
the British workers" showed significantly reduced 
nancy rates. The discrepancy may be due to the 
act that most patients in the Norfolk group had un- 
one t treatment for endometriosis while most of the 
sh poan had received no therapy. Wild and 
rs’ _observed endometrial autoantibodies in the 
82% of patients with infertility and endometri- 
Although the presence of endometrial comple- 
per se is nonspecific, it may be that complement- 
ed endometrial autoantibodies are causally related 
he infertility of some endometriosis patients. Such 
plement-fixing autoantibodies could induce a cy- 
ytic, antiimplantation effect in the endometrium, 
s hypothesis would explain our observation that, 
in | short-term follow-up, none of the patients with 
oe I endometriosis who became pregnant had en- 

- dometrial complement. 
We also observed, among patients with endometri- 


oo nosis, that endometrial complement was more prevalent 


-in-patients with primary infertility than in those with 
] dary infertility. Possible explanations include a 
r incidence of complement-fixing autoantibodies 
igher incidence of nonspecific endometrial com- 
plement in the primary infertility group. Whatever the 
explanation, it would seem prudent to view such pa- 


tients (that is, primary | versus 1s secondary. i 
separate subgroups of the total population € of 
metriosis-infertility patients. oS 

In conclusion, although the presence of ends 
complement is a nonspecific finding, the data | pre 
and reviewed support the hypothesis of. Weed 
Arquembourg' that endometriosis is an autoim: 
disease. However, considerably more research mt 
done to confirm, extend, and interpret this hypothesi 
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ibia usion i in prepubescent girls: A. mar rker fo ae 


<. Review of more than 500 medical records of patients referred for sexual abuse evaluations revealed 10 
j P cases of labial fusion. Patients ranged in age from 2 months to 5 years, and the duration of the fusion 

~ ranged from 2 weeks to 2¥ years. No child had vulvovaginitis, dermatitis, or known genital trauma (for 

_ instance, straddle injury). Urinary tract problems were present in three patients. History and/or physical 

_ findings were consistent with sexual abuse in six of the 10 patients. Anal findings were grossly abnormal 
-and consistent with anal penetration in all patients with a positive finding on examination. Therapy with 


a A conjugated estrogen cream was instituted in nine patients, with resolution of symptoms occurring in six. 
























unar coitus. (Am J OssteT Gynecol 1987;156:16-20.) 


= i Labial fusion is defined as either partial or complete 
5 adherence of the labia minora.' Other names for this 
` condition include vulvar fusion, synechiae of the vulva, 
adhesions of the labia minora, and agglutination of the 
labia minora” The disorder occurs in prepubescent 
girls and has been reported in postmenopausal women 
(senile adherent vaginitis).* While the literature states 
that labial fusion is a frequent occurrence, the preva- 
lence of the condition in the pediatric population is 
uncertain. Huffman reports the greatest incidence in 
: Is 2 to 6 years old, while others note the highest 
frequency in infants under 2 years of age.'** Ben-Ami 
‘et al.' found in a prospective study that the condition 
‘was not present at birth but subsequently developed in 
ne of 1500 newborn infants followed up for 3 years, 
n incidence of less than 1%. 

fe recently began evaluating large numbers of chil- 
ren believed to have been sexually abused. During the 
ourse of these assessments, we became aware of a 
igher | frequency of labial fusion than we had previ- 
usly noted. In addition the patients seemed older than 
e infants with labial fusion we had previously en- 
untered. We reviewed cases of sexual abuse retro- 
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or “atopic, dermatitis); therapeutic is interveni : ons, s and 


The exact cause of labial fusion is unclear. Fusion secondary to fecal soiling may occur in the young 
. Older girls may develop fusion after trauma such as that associated with sexual abuse, particularly 
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spectively and describe our experience with labial fu- 0 4. 
sion in a population of prepubescent girls undergoing = 
evaluation for sexual abuse. 


Methods and material 

All patients were evaluated in the Pediatric Clinic | 
of Harbor/University of California Los Angeles Med- 
ical Center in Torrance, California, a large, county- 
funded teaching hospital affiliated with the Univer-. TE 
sity of California Los Angeles School of Medicine. o 
There are approximately 40,000 outpatient visits: per 
year with 60 to 80 children seen per month for: SUS 
pected sexual misuse. Patients are referred from nu- wae 
merous agencies, including law enforcement, protec- o 
tive services, juvenile court, community pediatricians, k 
and psychologists. E ae 

Charts of all patients referred for sexual abuse eval a 
uations between January and October 1985 were reso o : 
viewed retrospectively to detect patients with labial fu- 0 
sion. The diagnosis of labial fusion was made on clinical ere 
grounds, on the basis of a thin line of adherence. be- = ae 
tween the labia minora.‘ Patients were examined with 
simple visual inspection and with a colposcope by one 
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e I. Characteristics of patients with labial fusion 


Fusion History of 


Results of physical 


examination” 


Urinary 
findings 





sexual abuse Treatment? Outcome 


Age (%) 





l 5 yt Complete + Hymen, normal 0) + Partial resolution 
Anal, abnormal 

2 4 yr Partial F Hymen, not visualized + + Partial resolution 
Anal, abnormal 

3 5yr Complete $ Hymen, normal 0 + Partial resolution 
Anal, abnormal 

4 4 yr Complete F Hymen, not visualized 0) F No follow-up 
Anal, abnormal 

5 2 yr Complete $ Hymen, normal 9 + Complete resolution 
Anal, normal Breast hypertrophy 

6 4 yr Partial a Hymen, abnormal + $ Resolution 
Anal, abnormal 

7 9 mo Complete a Hymen, not visualized 0 a No resolution 
Anal, normal 

8 13 mo Complete = Hymen, not visualized 0 iz No resolution 
Anal, normal Breast hypertrophy 

9 6 mo Partial = Hymen, normal 0 + Complete resolution 
Anal, normal 

if) 12 mo Complete ca Hymen, not visualized F + No follow-up 


Anal, normal 


PONOA Annne aana 
#Physical findings consistent with sexual abuse. 


+Treatment with conjugated estrogen cream: + = given; ~ = not given. 





Results 


ka hundred charts were reviewed. Seventy-fiv ve Per: 






z Fason were detected: represen an lie of 





-about 3%. Table I summarizes these cases. 
Patients ranged in age from 2 months to 5 years. 
Complete labial fusion with only a small anterior ap- 
erture was noted in seven (70%) and partial fusion in- 
volving only the posterior portion in three (30%) 
(Fig. 1). The duration of fusion could be estimated in 
five (50%) patients and ranged from 2 weeks to 2% 
years. No patient had a specific history of trauma (for 
instance, straddle injury) other than related to sexual 
misuse. A history of masturbation was noted in one 
(Case 1). Masturbation was reported to occur on a daily 
basis and consisted of vigorous genital rubbing. Urinary 
tract symptoms were reported in three children. Two 
patients (Cases 2 and 4) had a history of urinary in- 
continence, and urinary reflux into the vagina was 
noted during voiding. One patient, 12 months old, had 
a documented urinary tract infection with Enterobacter 
cloacae that responded to ampicillin. No patient had a 
history of recurrent urinary tract infections. 
Laboratory studies (urinalysis, urine culture, rectal 
and oral culture for Neisseria gonorrhoeae) were ne- 
gative in all patients studied except for the child 
with the urinary tract infection. Two children (Cases | 
-and 5) had vaginal cultures for chlamydia, and these 
< were negative. No child had cultures taken for Gard- 


cooo nerella. The physical examination, apart from the gen- 
ital and anal findings, was normal in all patients. No 





patient had phys 
dermatitis. 


cal evidence of seborrheic or atopic 


Findings consistent with sexual abuse were noted in 
six patients. Four patients had both a history and a 
physical examination consistent with sexual abuse. One 
patient (Case 5) gave a history of sexual abuse, but there 
were no physical findings. In each case, the history was 
obtained from the accompanying caretaker or from the 
patient after extensive interviews. Physical findings 
consistent with sexual abuse were observed in five pa- 
tients, including one patient who gave a negative his- 
tory. Anal findings were grossly abnormal and consis- 
tent with anal penetration in all patients with a positive 
examination. Abnormal anal findings included lax anal 
tone in five (Cases 1, 2, 3, 4, and 6), transections of the 
external anal sphincter in two (Cases 3 and 4), and 
perianal tag in one (Case 2). The hymenal area was 
adequately visualized in six children and was abnormal 
in only one (Case 4). Examination of this girl showed 
an enlarged introitus with absent hymenal remnant. All 
four patients with no findings of sexual abuse were 
under 14 months of age. 

Nine patients (90%) were treated with conjugated 
estrogen cream. Resolution of the labial fusion oc- 
curred in six. Two patients did not return for follow- 
up. Three patients experienced breast hypertrophy, 


which led to cessation of therapy. Other side effects of o 


the estrogen included labial pigmentation: and the ap- 
pearance of fine, downy labial hair. Re-fusion after Ces. 
sation of therapy was noted in one patient who was — 


followed up for a year. i his was the child who exhibited _ a 
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Fig. 1. Partial fusion of the labia minora in a 4-year-old Hispanic girl (Case 6). 


daily masturbation. No patient had spontaneous reso- 
lution of the labial fusion during the study period. 


Comment 


Although the exact cause of labial fusion is unknown, 
a variety of disorders have been associated with the 
development of this condition. In the neonatal period, 
it may be seen with anatomic abnormalities, such as 
congenital absence of the vagina or ambiguous geni- 
talia.” Ambiguous genitalia may indicate significant dis- 
ease processes, such as true hermaphroditism, pseu- 
dohermaphroditism, or congenital adrenal hyperpla- 
sia. Labial fusion is an incorrect term in these conditions 
because labioscrotal folds are present. Exposure to ex- 
cessive androgens results in failure of separation of the 
tissues of the perineal body between the urogenital si- 
nus and the anus. Androgenic stimulation in the female 
fetus between the ninth and thirteenth weeks of ges- 
tation results in posterior adhesion of the labia along 
with clitoromegaly; after the thirteenth to fourteenth 
weeks of gestation, androgen exposure produces cli- 
toromegaly alone. Labial fusion without clitoromegaly 
has been reported infrequently with congenital adrenal 
hyperplasia.’ 

Because fusion should be distinguished from failure 


of separation, Nowlin et al.’ qualify the definition of 


labial fusion as “acquired post-inflammatory cohesion 
of the labia minora.” The underlying mechanism is the 
denuding of the upper squamous epithelial layer of the 
labial mucosa with subsequent formation of a connec- 
tive tissue bridge between the healing labia. Normally 
low estrogen levels in the prepubescent girl predispose 
to labial adhesions.** Adequate endogenous estrogens 
change the vaginal epithelium from a thin atrophic 


lining to a thick one containing glycogen. In addition 
the neutral pH of the vaginal secretions in the pre- 
pubescent girl predisposes to inflammation and in- 
fection.” 

Vulvovaginitis has been implicated in the formation 
of adhesions, although this relationship has not been 
systematically studied. Accurate vaginal cultures are 
difficult to obtain in the face of labial fusion, and there 
is usually no leukorrhea.’ There are multiple causes of 
vulvovaginitis. Most cases are secondary to “poor hy- 
giene,” such as improper wiping techniques and playing 
in dirty sandboxes.® In the infant, feces and urine in 
the perineal area, as well as occlusive diapers, may in- 
flame the labial mucosa and lead to fusion.’ Nowlin 
et al.’ reported no cases of fusion secondary to gono- 
coccal infection or “frank nonspecific vulvitis.” Like- 
wise, Bowles and Childs” had no cases in which there 
was a history of vulvitis, vaginitis, trauma, or severe 
injury. Nonspecific vaginitis has recently been reported 
with Gardnerella." Neither Nowlin et al. nor we per- 
formed cultures for Gardnerella. No child in our series 
had an antecedent history of vulvitis, and cultures for 
Neisseria gonorrhoeae and Chlamydia trachomatis were neg- 
ative, Vakar," on the other hand, reported vulvovagin- 
itis in 47% of his cases, although some of these had 
“physiologic desquamative vulvovaginitis” of the new- 
born infant. In this condition the neonatal mucosa is 
felt to be particularly vulnerable to invasion by stool 
flora. 

Children with seborrheic dermatitis may experience 
recurrent vulvitis.° Such children are particularly prone 
to candidiasis. Atopic eczema infrequently leads to in- 
flammation of the vulva. No patient in our series had 
evidence of either of these conditions, and fusion sec- 
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ondary to atopic or seborrheic dermatitis is reported 
in a minority of patients.’ | 

A wide assortment of acute infectious illnesses has 
been implicated. These include cholera, diphtheria, 
scariet fever, pneumonia, and typhoid fever." Measles 
and chickenpox may produce lesions in the vulva and 
vagina with subsequent fusion.® No patient in our series 
had any of these conditions. 

The role of trauma in the development of labial fu- 
sion has not been previously explored. Taylor” re- 
ported the case of a child with labial fusion after a 
“picket fence injury.” No child in our series had a his- 
tory of a straddle or picket fence injury. One would not 
expect such injuries to traumatize the labia minora.’ 
The mechanism of a straddle injury is such that the 
labia majora and/or periurethral structures are crushed 
between the pelvic bone and an external object. Vig- 
orous masturbation may lead to denuding of the labial 
mucosa and predispose to fusion. Self-stimulation 1s 
usually around the clitoris since this is the area of great- 
est sensation. Diffuse rubbing around the labia minora 
may occur with autostimulation or vulvar coitus. The 
latter is a form of sexual activity in which the penis ts 
rubbed back and forth between the labia. It is possible 
that fusion may occur after such frictional irritation. 

Eliciting a history of sexual abuse in the prepubescent 
child may be difficult. Children are often reluctant to 
disclose such information. They may say that the mo- 
lestation happened to someone else. Interviews are fa- 
cilitated by the use of anatomically correct dolls, pup- 
pets, or crayons and paper. In addition the disclosure 
may be recanted at a subsequent time or to another 
individual. 

Ciagnosing sexual abuse on the basis of the physical 
examination is dependent on the presence of abnormal 
genital and/or anal findings. Changes in the genital area 
that are consistent with sexual abuse include tears, 
scars, and distortion of the hymen, with the presence 
of svnechiae and neovascularization.’® The presence of 
labial fusion obscures these findings, and necessitates 
the institution of treatment to allow. adequate visual- 
ization of the hymenal area. 

Anal findings may be absent in 50% of individuals 
who are either acutely or chronically sodomized. 
Changes of long-standing, chronic sodomy include 
perianal scars that are wider on the outside and taper 
inward, tags, changes in the appearance of the anal 
folds, thickening and hyperpigmentation of skin in the 
perianal area, loss of perianal adiposity, funneling, lax- 
ity of tone, and loss of the anal “wink.” " These 
changes were noted in five patients in this study. 

All four children with no physical findings of sexual 
abuse were infants. In two there was some suspicion 
about molestation. One infant (Case 7) had failure to 
thrive, was from a chaotic household, and had been 
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removed from the home. The second infant (Case 8) 
was brought in by the mother because of concern that 
the infant may also have been molested after an ex- 
amination of the 7-year-old sister revealed findings con- 
sistent with sexual misuse. The two remaining infants 
had been referred for genital evaluation because of the 
presence of the labial fusion. 

Urinary symptoms occurred in two (20%) of our pa- 
tients. Others’:*'° report an incidence of urinary symp- 
toms with labial fusion from 20% to 50%. Usual symp- 
toms including infection, incontinence, dribbling, and 
tenesmus are’ secondary to interference with urinary 
outflow.* '! Marked reflux of urine into the vagina with 
trapping of the urine above the fused labia has been 
demonstrated with contrast material during voiding 
cystourethrography.' Because of the high frequency of 
urinary symptoms, urinalysis and urine culture appear 
warranted in the evaluation of labial fusion. 

Treatment with estrogen cream will relieve the fusion 
in about 90%.° Treatment is usually not necessary be- 
cause the fusion will resolve spontaneously at puberty.’ 
Jenkinson and Mackinnon” reported spontaneous res- 
olution in 10 infants under 2 years of age followed up 
for 18 months. Early intervention is recommended if 
urologic symptoms exist or there is a need for adequate 
visualization of the hymenal area. Treatment is not 
without side effects, such as breast engorgement, and 
the labia may re-fuse with cessation of therapy. Surgical 
separation of the fused labia, which has been advocated 
by some investigators, is rarely needed, is unneces- 
sarily traumatic, and carries a high incidence of re- 
currence.” "' 

In conclusion labial fusion is a disorder of adhesion 
of the labia minora. It may occur secondary to a variety 
of inflammatory conditions including vulvovaginitis or 
seborrheic or atopic dermatitis. In young infants, fecal 
soiling and diaper dermatitis may promote the condi- 
tion. In older girls, trauma such as that associated with 
sexual abuse may predispose to labial fusion. The find- 
ing of labia] fusion in the older girl warrants a careful 
anal examination and a disclosure interview by skilled 
personnel to determine if there is a history of sexual 
abuse. 
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Postmenopausal smoking, estrogen replacement therapy, and 


the risk of endometrial cancer 


Adele L. Franks, M.D., Juliette S. Kendrick, M.D., Carl W. Tyler, Jr., M.D., and 


The Cancer and Steroid Hormone Study Group* 
Allanta, Georgia 


Previous studies of the association between cigarette smoking and endometrial cancer have yielded 
inconsistent results. There is some evidence that this discrepancy may be explained by differences in 
menopausal status between the groups of women studied. We addressed the issue of the effects of 
postmenopausal smoking on endometrial cancer risk using data. from the Cancer and Steroid Hormone 
Study, a multicenter, population-based, case-control study of gynecologic cancers in the United States. We 
found that smoking after natural menopause is associated with a 70% reduced risk of endometrial cancer 
among estrogen users and a 50% reduced risk among nonusers of estrogen. These findings are 
consistent with previously proposed biologic effects of smoking on estrogen metabolism, which may have 
important clinical implications. (AM J OBSTET GYNECOL 1987;156:20-3.) 


Key words: Endometrial cancer, estrogen replacement therapy, smoking, estrogen 


metabolism 


It is now widely agreed that endometrial cancer is 
associated with estrogen stimulation of the endome- 
trium.'* Several studies have shown that women who 
smoke have earlier menopause,*® an increased risk of 
osteoporosis,’® and decreased urinary estrogens,” sug- 
gesting that smokers have reduced estrogen. Thus, 
since there is no evidence for a direct carcinogenic ef- 
fect of cigarette smoking on the endometrium, smokers 
might be expected to have a reduced risk of endome- 
trial cancer by virtue of diminished estrogen stimu- 
lation. 
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Previous studies of this relationship have yielded 
inconsistent results, and only three studies have 
controlled for important potential confounding fac- 
tors.'''* Weiss et al.'’ found a significant negative as- 
sociation between “ever smoking” history and endo- 
metrial cancer (relative risk = 0.4, 95% confidence in- 
terval = 0.2 to 0.7), whereas Tyler et al.’ found a 
slightly lowered risk which was not statistically signifi- 
cant (relative risk = 0.8, 95% corfidence interval = 0.7 
to 1.1). Both studies showed that cigarette smoking re- 
duced the elevated risk of endometrial cancer among 
women who used estrogens. Since Weiss et al. studied 
women 50 to 74 years old and Tyler et al. studied 
women 20 to 55 years old, the difference in smoking 
effect may be related to factors that are age dependent, 
in particular, to menopausal status. 

A recent study by Lesko et al. has suggested that 
menopausal status may be an important modifier of the 
effects of smoking. They found a significantly reduced 
risk of endometrial cancer (relative risk = 0.5, 95% 
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confidence interval = 0.3 to 0.8) among women who 
were currently smoking at least 25 cigarettes per day. 
When premenopausal and postmenopausal women 
were considered separately, the protective effect of 
smoking was confined to the postmenopausal women. 
The effect of smoking in relation to exogenous estro- 
gen vse was not reported. 

To address the hypothesis that both postmenopausal 
smoking and postmenopausal estrogen use affect en- 
dometrial cancer risk, we analyzed data from a subset 
of women enrolled in the Cancer and Steroid Hormone 
Studv. The previous analysis’ used the entire data set 
to address the question of cumulative lifetime effects 
of cigarette smoking and did not consider the temporal 
relation of smoking to menopause. 


Material and methods 


The details of this study have been described else- 
where.’® '* Cases were women who were 20 to 55 years 
old with histologically confirmed epithelial endometrial 
cancer newly diagnosed between December 1, 1980, 
and December 31, 1982, in six geographic areas (two 
of the original eight centers did not participate in the 
histclogic review). Controls were women of the same 
age range identified by calling randomly selected tele- 
phone numbers from the same geographic areas as the 
cases. For this analysis we selected only postmenopausal 
women over the age of 40 (106 case subjects, 528 con- 
trols). These were women who had undergone a nat- 
ural menopause, and whose last menstrual period oc- 
curred after the age of 40 and at least 6 months before 
diagnosis or interview. (This excluded perimenopausal 
women, who were included in the postmenopausal cat- 
egory in the previous analysis). 

Postmenopausal smoking was defined as smoking 
cigarettes after the last menstrual period, regardless of 
when smoking began. Women who stopped smoking 
before menopause were excluded (17 cases, 87 con- 
trols). Postmenopausal estrogen replacement therapy 
was defined as first use of noncontraceptive estrogen 
beginning after age 40 and continuing after the last 
menstrual period. Women whose only use of noncon- 
traceptive estrogen occurred before menopause were 
excluded (10 cases, 25 controls). This left 495 women 
(79 cases, 416 controls) for analysis. Nonsmokers were 
women who reported having smoked less than a total 
of 190 cigarettes in their lifetime, and nonusers of es- 
trogen replacement therapy had never used noncon- 
iraceptive estrogens for 3 consecutive months or more. 

Logistic regression was used to derive odds ratios (as 
relative risk estimates) and confidence intervals’? for 
the exposures of interest. Relative risk estimates were 
adjusted both individually and simultaneously for the 
following factors considered a priori to potentially con- 
found the results: age and age at menopause (as con- 
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Table I. Selected characteristics of 
postmenopausal endometrial cancer cases 
and controls | 


Cases (%) Controls (%) 
Characteristic (n = 79) (n = 416) 

Age (yr) 

40-49 1] 17 

250 89 83 
Race 

White l 95 85 

Black/other 5 15 
Parity 

0 30 1} 

=] 70 89 
Quetelet’s index* 

<2.50 5] 77 

22.50 48 23 

Unknown l 0 
Age at menopause 

(yr) 

<50 70 69 

=50 30 31 
History of 

Hypertension 42 21 

Oral contraceptive 28 38 

use 
Diabetes 6 2 


*Weight (kg)/[height (cm)]’. 


tinuous variables), race, Quetelet’s adiposity index 
(weight/height squared), hypertension, diabetes, infer- 
tility, parity, history of oral contraceptive use, and geo- 
graphic region (as categorical variables). None of these 
adjustments appreciably altered the risk estimates. 
Therefore the unadjusted relative risk estimates are 
presented, with test-based confidence intervals.’ 

To evaluate the possible modification of smoking ef- 
fects by previous oral contraceptive use or obesity, data 
were stratified according to these factors. 


Results 


Cases were more likely than controls to be older, 
white, nulliparous, obese, and hypertensive and to have 
never used oral contraceptives (Table I). Smoking after 
menopause was associated with a significantly reduced 
risk of developing endometrial cancer, with smokers 
having half the risk of nonsmokers (Table II). When 
stratified by use of estrogen replacement therapy 
(Table III), a similar smoking effect was present both 
among nonusers and users of estrogen replacement 
therapy (reference group 1 column). Smokers who did 
not use estrogen replacement therapy had a 50% re- 
duction in endometrial cancer risk compared with non- 
smokers, whereas smokers who did use estrogen re- 
placement therapy had a 70% reduction in risk. 

The separate effects of single or joint exposures to 
postmenopausal smoking and estrogen replacement 
therapy, compared with exposure to neither, can be 
seen in the reference group 2 column in Table III. 
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Table II. Epithelial endometrial cancer risk associated with postmenopausal smoking 


Smoking status 
Nonsmokers 50 
Postmenopausal smokers 29 


95% 
Cases Controls Relative risk Confidence interval 


1.0 Referent 
0.5 0.3-0.8 


Table IFI. Epithelial endometrial cancer risk associated with postmenopausal smoking, stratified by 


postmenopausal estrogen replacement therapy 


Estrogen replacement therapy 
and smoking status 


Nonusers of estrogen replacement therapy 


Nonsmokers a 172 

Postmenopausal smokers 23 200 
Postmenopausal estrogen replacement users 

Nonsmokers 13 16 

Postmenopausal smokers 6 28 


Relative Relative 95% 
risk ea mipi risk Confidence interval 


| Reference group 1* | group | Reference group 1* | 3 Reference group 27 


1.0 Referent 1.6 Referent 
0.5 0.3-0.9 0.5 0.3-0.9 
1.0 Referent 3.8 1.7-8.2 
0.3 0.1-0.8 1.0 0.4-2.6 





*Based on nonsmokers in each estrogen replacement therapy category as reference group. 
7Based on nonsmokers who were. nonusers of estrogen replacement therapy as reference group for all comparisons. 


Women who used estrogen replacement therapy but 
did not smoke had a significantly elevated risk (relative 
risk = 3.8) of endometrial cancer. Women who used 
estrogen replacement therapy and smoked had the 
same risk as the nonusers who did rot smoke (relative 
risk = 1.0). 

We were unable to evaluate the risk of endometrial 
cancer according to daily dose of cigarette smoking 
after menopause, because the only dose information 
acquired was the lifetime daily average number of cig- 
arettes smoked. There was no consistent trend in en- 
dometrial cancer risk according to lifetime average 
amount smoked each day. 

Stratification by obesity and previous oral contracep- 
tive use revealed no appreciable stratum-specific dif- 
ferences in the effects reported. | 


Comment 


Our results show that smoking cigarettes after nat- 
ural menopause is associated with a decreased risk of 
developing endometrial cancer for postmenopausal 
women 40 to 55 years old. The increased risk of en- 
dometrial cancer associated with postmenopausal es- 
trogen replacement therapy is reduced in postmeno- 
pausal smokers in such a way that women with both 
exposures have the same risk as women with neither. 

Despite the relatively small number of postmeno- 
pausal women in our study, our findings are consistent 
with previous research.’ 3 We do not believe con- 
founding accounts for our findings, since adjustment 
for known endometrial cancer risk factors did not alter 
our results. 

The protective effect of smoking emerged more 


clearly in a subset of women who smoked after natural 
menopause than in the larger group of women with 
unspecified exposure intervals.” Comparison of cur- 
rently smoking premenopausal women (22 cases, 474 
controls) with nonsmoking premenopausal women (50 
cases, 753 controls) yielded a smaller reduction in risk 
which was not statistically significant (relative risk = 
0.7, 95% confidence interval = 0.4 to 1.2). Because 
premenopausal women are a hormonally heteroge- 
neous group, their risk of endometrial cancer may not 
be uniformly affected by smoking. 

Baron” has suggested that the antiestrogenic effects 
of smoking in women may be mediated by induction 
of hepatic microsomal enzymes similar to those induced 
by smoking in laboratory animals.’* Our data are con- 
sistent with an antiestrogenic smoking effect among 
postmenopausal users of exogenous estrogen replace- 
ment therapy. This supports the possibility of a pe- 
ripheral, and extraovarian, biolcgic mechanism such as 
induction of estrogen metabolizing enzymes. Such a 
peripheral mechanism may be operative only while the 
inducing exposure is present. Thus the antiestrogenic 
effect of cigarette smoking may be reversible after ces- 
sation of smoking. In our data, postmenopausal women 
who quit smoking before menapause (and thus were 
excluded from the data shown) had a diminished en- 
dometrial cancer risk intermediate between, but not 
significantly different from, the nonsmokers and post- 
menopausal smokers (compared with nonsmokers rel- 
ative risk = 0.7 and 95% contidence interval = 0.4 
to 1.3). 

Even with evidence that cigarette smoking is associ- 
ated with a significantly reduced risk of endometrial 
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cancer among postmenopausal women, women should 
not sroke for this or any other reason, in view of the 
serious morbidity and mortality of common smoking- 
attributable diseases. 

We believe, however, that such findings have poten- 
tially important clinical implications. There is mounting 
evidence to suggest that use of estrogen replacement 
therapy by postmenopausal women decreases their risk 
of ischemic heart disease’* * and osteoporosis***!** and 
that these protective effects are at least in part dose 
dependent. The finding of this analysis and others,’ ** 
that postmenopausal smoking is associated with de- 
creased estrogen effects on the endometrium, is con- 
sistent with smoking-induced enhancement of estrogen 
metabolism. By such a mechanism, smoking may also 
diminish the effects of estrogen on other end organs 
such as coronary arteries and bone.® If so, postmeno- 
pausal women who cannot be persuaded to stop smok- 
ing may need higher doses of estrogen than nonsmok- 
ers to achieve comparable therapeutic effects. 


Incividual members of The Cancer and Steroid Hor- 
mone Study Group are as follows: Principal Investiga- 
tor: George L. Rubin, M.B. Project Director: Phyllis A. 
Wingo, M.S. Project Associates: Nancv C. Lee, M.D., 
Michele G. Mandel, B.A., and Herbert B. Peterson, 
M.D. Data Collection Centers Principal Investigators: 
Atlanta—Raymond Greenberg, M.D.; Connecticut— 
J. Wister Meigs, M.D., and W. Douglas Thompson, 
Ph.D.; Detroit, Michigan—-G. Marie Swanson, Ph.D.; 
lowa—Elaine Smith, Ph.D.; New Mexico—Charles 
Key, M.D., and Dorothy Pathak, Ph.D.; San Francisce— 
Donald Austin, M.D.; Seattle—David Thomas, M.D.; 
Utah—Joseph Lyon, M.D., and Dee West, Ph.D. Pa- 
tholcgy Review Principal Investigators: Fred Gorstein, 
M.D., Robert McDivitt, M.D., and Stanley J. Robboy, 
M.D. Project Consultants: Lonnie Burnett, M.D., Rob- 
ert Hoover, M.D., Peter M. Layde, M.D., M.Sc., How- 
ard W. Ory, M.D., M.Sc., James }. Schlesselman, Ph.D., 
David Schottenfeld, M.D., Bruce Stadel, M.D., Linda A. 
Webster, M.S.P.H., and Colin White, M.B., B.S. Pathol- 
ogy Consultants: Walter Bauer, M.D., William Chris- 
topherson, M.D., Deborah Gersell, M.D., Robert Kur- 
man, M.D., Allen Paris, M.D., and Frank Vellios, M.D. 
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The efficacy of intrapartum electronic fetal monitoring 


Stephen B. Thacker, M.D. 
Atlanta, Georgia 


With basic methodologic criteria as a framework, this report assesses the quality of the seven randomized 
controlled clinical trials conducted in five countries to compare a policy of routine electronic fetal monitoring 
with a policy of fetal heart rate monitoring by auscultation. One trial found a statistically significant 
decrease in the occurrence of neonatal seizures in the electronic fetal monitoring group. The trials 
demonstrated no other statistically significant benefit associated with the use of electronic fetal monitoring, 
but most reported significant increases in the rates of abdominal and vaginal operative deliveries 
associated with electronic fetal monitoring. Taken together, the seven trials provide valuable information 
about the routine use of intrapartum electronic fetal monitoring; they do not demonstrate that it is a useful 
screening procedure for all women in labor. (Am J Osster Gyneco 1987;156:24-30.) 


`~ 


Key words: Electronic fetal monitoring, randomized controlled trials 


A 1979 literature review on the efficacy and safety 
of electronic fetal monitoring coauthored by Banta and 
Thacker’ concluded that there was insufficient evi- 
dence at that time to recommend the routine use of 
electronic fetal monitoring. In addition, we concluded 
that there was low predictive value positive for elec- 
tronic fetal monitoring, a high cost to the individual 
and society, and a premature diffusion of this tech- 
nology into routine clinical practice. Four randomized 
controlled clinical trials completed at that time failed 
to demonstrate a decrease in morbidity and mortality 
associated with the use of electronic fetal monitoring 
but did show a twofold increase in the rate of cesarean 
delivery among patients monitored electronically.” Be- 
cause the available evidence suggested a possible benefit 
for the use of electronic fetal monitoring in selected 
high-risk pregnancies, we recommended that random- 
ized controlled clinical trials be undertaken to test that 
hypothesis. 

The randomized controlled clinical trial is generally 
accepted as the ideal method to assess the efficacy of 
clinical interventions in human populations.® As with 
any human endeavor, however, trials are subject to laws 
in conduct and errors in implementation.’ This report 
systematically assesses the seven randomized controlled 
clinical trials conducted to date to evaluate the rou- 
tine use of electronic fetal monitoring®**’ (Neldam S, 
Osler M, Hansen P, et al., unpublished observations). 
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Assessing a clinical trial 


Understanding of the 12 criteria given in Table I is 
essential to adequate interpretation of the conduct and 
analysis of an randomized controlled clinical trial.'® " 
In the completion of Table I, an effort was made to 
obtain previously unpublished information from the 
authors to give a more complete picture of the available 
knowledge. 

Prior hypotheses and statistical power. Greatest em- 
phasis should be given to results related to those hy- 
potheses for which a study is designed. Prior hypoth- 
eses were precisely stated only in the Dublin trial, al- 
though general goals were implicit in the other six. 
Statistical power (the probability that a study will detect 
a true difference between two populations) was calcu- 
lated and sample size was estimated only in the Dublin 
study. 

Eligibility criteria. Eligibility criteria for entry into 
the study were explicit in all but the first Melbourne 
study, for which no definition of “high risk” was given. 

Allocation of subjects. Randomization both elimi- 
nates selection bias and enables the proper use of sta- 
tistical methods.” The investigators in all trials allocated 
women into electronic fetal monitoring and ausculta- 
tion groups by means of formal randomization with 
opaque, sealed envelopes except in Melbourne (see be- 
low) and in Copenhagen, where the weeks of partici- 
pation were randomly allocated. The weekly allocation 
procedure used by the Danish investigators is subject 
to selection bias (for example, the decision to induce 
labor could be affected by the physician’s or-midwife’s 
desire to assign a patient to an experimental [or control] 
group). 

Because randomization allocates subjects in an un- 
biased manner, potentially confounding variables tend 
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Table I. Assessment of reports of seven clinical trials evaluating the efficacy of routine electronic fetal 


monitoring during labor 


Dublin 
1985 


Prior hypotheses 


Power calculation N N 
Eligibility criteria Y N 
Allocation RN RN 
Withdrawals Y N 
Description of regimen Y y 
Adherence to regimen 

Doc-or/midwives U N 
Blinding 

Pediatricians Y Y 

Statisticians N N 
Unambiguous end points S S 
Appropriate statistics 

Main effects Y x 

Subgroups N N 
Complications of monitoring Y Y 


Denver Melbourne Sheffield Denver Melbourne Copenhagen 
1976 1976 1978 1979 1981 1981 
N N N N N N 


aZZ ad “Zane 


Y 
N N N Y 
Y Y Y Y 
RN 7 RW RN 
Y N Y U 
Y Y Y Y 
U U Y yY 
N N N Y,N 
N N Y Y 
S 5 S S 
Y Y Y Y Y 
N N N N Y 
Y Y Y Y Y 


Y. Yes; N, no; U, unclear; S, some; RN, random numbers, sealed envelopes; RW, random weeks, sealed envelopes. 
*Rancomization was attempted but failed in the major study hospital. 


to be equally distributed in the experimental and con- 


trol groups. Nevertheless, it is still usezul to assess 
whether known risk factors and confounders were dis- 
tributed equally in the study and control groups. This 
postrandomization assessment was attempted with 
varying rigor in each of the trials. 

Withdrawals. Withdrawals were clearly dealt with 
only in the Copenhagen and Dublin studies. There 
were apparently no withdrawals in the Sheffield study, 
but recognition of the importance of this fact was not 
apparent in that report. Of the 13,025 women who were 
eligible for the Dublin trial, 61 (0.5%) were inadver- 
tently not randomized but on review of their hospital 
records were not found to differ from those included 
in the study. In the Danish study, 349 women (31%) 
refused to participate because of a preferred method 
of intrapartum surveillance (233 of these women had 
delivery conducted with auscultation, 111 with elec- 
tronic fetal monitoring). 

Retaining the groups as they were originally allocated 
is essential for the primary analyses, although addi- 
tional analyses with clearly specified exclusions can be 
used for supplementary information."' Excluding with- 
drawals, even those beyond the control of the investi- 
gators, can vitiate the bias-eliminating effects of ran- 
domization.'’® Any other analyses must be considered 
as supplementary or as hypothesis-generating exer- 
cises. Such analyses are often useful but should not be 
used for hypothesis testing. 

Study regimens. Study regimens for both experi- 
mental and control groups were well described in each 
trial. Postrandomization patient compliance was uni- 
formlv high. Adherence to the study regimen is crucial 


but often difficult to assess, unless the investigators 
make careful efforts either to document deviations 
from the protocol or to design methods to quantify such 
deviations. Only the Dublin investigators made exten- 
sive efforts to assess adherence to the study regimen, 
although in both Denver trials as well as the trial in 
Sheffield the doctors and midwives apparently adhered 
closely to the regimen. The regimen was seriously 
breached in both Australian trials. In the first trial one 
of the eight study physicians withdrew his patients, in- 
troducing selection bias. Also, information bias was in- 
troduced, since scalp blood measurements were per- 
formed only between 9:00 am and 5:00 pM in that trial. 
In the second Melbourne trial the cards for allocation 
were not in sealed envelopes, and the randomization 
was apparently lost. This led to an increased proportion 
of primigravid women in the electronic fetal monitor- 
ing group, and efforts by the investigators to adjust for 
this and other unrecognized biases were not successful. 
The appropriate use of a technology is a crucial as- 
pect of any study. Although explicit decision pathways 
based on electronic fetal monitoring results can be con- 
structed, the type and timing of intervention are based 
ultimately on clinical judgment. This reflects the real 
world, and one must recognize that these randomized 
controlled clinical trials measure the effectiveness of 
management practice (pragmatic trials) rather than the 
potential efficacy of a procedure in an ideal setting." 
“Blinding” of evaluation by pediatricians and stat- 
isticians. The conduct of randomized controlled clini- 
cal trials is subject to bias when those assessing outcomes 
are aware of the assignment of a patient to the exper- 
imental or control group. Although it was not practical 
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Table II. Results of seven clinical trials assessing the efficacy of routine electronic fetal monitoring 
during labor 





Denver 1976 





Characteristics 


No. of subjects 


Melbourne 1976 


Pregnant women 242 241 175 175 

Infants 242 241 175 175 
Maternal risk status High High 
Fetal scalp blood sampling: No ~ Yes — 
Cesarean deliveries 

Total No. 40 16 39 24 

K 16.5 6.6 223 13.7 

No. with fetal distress 18 3 16 9 

% 7.4 1.2 9.1 5.1 
Operative vaginal deliveries . 

No. 60 78 70 67 

% 24.8 324 40.0 38.3 
l min Apgar score <7 

No. 31 29 28 25 

% 12.8 12.0 16.0 14.3 
1 min Apgar score <4 

No. NA NA 4 6 

% NA NA 2.3 3.4 
Neonatal seizures 

No. 2 2 0 4 

Rate/1000 8.3 8.3 0.0 22.9 
No. receiving oxytocin NA NA 0 NA 
Neonatal intensive care 

No. of admissions 35 28 ll 30 

o 14.5 11.6 6.3 17.1 
_ Mean length of stay NA NA 3.18 3.8§ 

(days) 

Perinatal death 

Rate/1000 8.3 4.1 5.7 5.7 

Stillbirths 0 0 0 l 

Neonatal deaths 2 I ] 0 


Sheffield 1978 Denver 1979 Melbourne 1981 







253 25] 233 230 232 445 482 
253 251 233 230 232 445 482 
Low High Low 
No — No Yes — Yes — 
24 ll 4} 26 13 18 10 
9.5 4.4 17.6 11.8 5.6 5.8 2.7 
4 3 16 8 I NA NA 
1.6 1.2 6.9 3.5 0.4 NA NA 
7) 78 64 54 54 120 101 
28.1 31.1 27.5 23.5 23.3 27.0 20.7 
24 24 4] 35 33 39 40 
9.6 9.5 17.5 15.2 14.2 8.3 8.8 
4 7 14 10 B: 4 6 
1.6 2.8 6.0 4.3 4.7 0.9 1.2 
0 } 2 0 2 0 0 
0.0 40 8.6 0.0 8.6 6.0 0.0 
0 NA NA 0 NA 0 0 
45 43 23 29 29 59 48 
17.8 17.1 9.9 12.6 12.5 13.3 10.0 
NA NA NA NA NA 
0.0 4.0 8.6 4.3 0.0 22 0.0 
0 0 0 0 0 0 0 
0 l 2 l Q I 0 


E-I = Group with electronic fetal monitoring only (experimental); E-I] = group with electronic fetal monitoring and scalp 
blood sampling (experimental); A = auscultation group (control); NA = data not available. 


*Excluded women with diabetes mellitus Classes B, C, D, and F. 


tExcluded women with abnormal amniotic fluid on admission. 
¿Data collected on first 10,094 pregnancies; complete on 10,035. 


§Data could not be verified by author. 


in these studies to “blind” either patients* or clinicians 
during labor, it was feasible and desirable to “blind” the 
assessment of infant outcome. The Denver and Dublin 
investigators made careful efforts to “blind” the pedia- 
trician who assessed the newborn infants as to allocation 
of subjects to experimental and control groups, but only 
the Dublin group prespecified statistical analysis so as 
to avoid bias. Statisticians were “blinded” as to allocation 
of newborn infants in the Copenhagen study. 


Unambiguous outcomes. When complete blinding is | 


not possible, which was the case in these randomized 
controlled clinical trials, bias can be decreased by using 
unambiguous outcomes such as death. Even in this case, 
however, the attribution of the cause of death could 
have been biased. A death secondary to fetal distress 
could, for example, be attributed inappropriately to a 


*An attempt to “blind” the study as to allocation of the 
patients was made in the first Denver trial.” 


cephalopelvic disproportion. Similarly, the increase in 
the rate of cesarean delivery associated with electronic 
fetal monitoring that was consistently detected in the 
trials must be interpreted in light of the fact that the 
indications for operative delivery are variable and po- 
tentially subject to observer bias. 

Statistical analysis. This remains a source of con- 
fusion in the clinical literature. Clear presentation of 
the simple distribution of results in both experimental 
and control groups is essential but is sometimes over- 
looked. Tests of statistical significance should be pre- 
sented for major end points, with a clear description 
of the statistical method. Results should be presented 
as relative risks or risk differences with appropriate 
confidence intervals.’ 

Post hoc analysis of hypotheses inspired by looking 
at subgroup results (data dredging) should not include 
conventional tests of statistical significance. All the trials 
of routine electronic fetal monitoring used appropriate 
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Copenhagen 1981 Dublin 1985 


489 487 6474 6490 
485 493 6530 6554 
Al Alif 
Yes ~ Yes = 
28 18 158 144 
5,7 3.7 2.4 2,9 
8 7 25 10 
EG L4 0.4 0.2 
85 64 528 407 
17.6 13.1] 8.2 6.3 
28 39 216% 227% 
5% 55 43 4.5 
5 7 62 57 
1.0 14 1.0 0.9 
0 0 12 o7 
0.0 0.0 1.8 4.] 
0 0 4 19 
5] 49 547 543 
10.5 9.9 8.4 8.3 
4.0 5.7 NA NA 
0.0 21 21 2.1 
0 ] 3 9 
0 0 i 12 


statistics to assess main effects (although only in the 
Dublin trial were these main effects delineated). Only 
the Dublin authors calculated confidence intervals and 
demonstrated an understanding of the distinction be- 
tween testing of prior hypotheses and the generation 
of new hypotheses by post hoc analysis. 

Complications. While none of the trials were de- 
signed explicity to assess the complications of routine 
electronic fetal monitoring, all investigators measured 
some of the potentially adverse effects of the proce- 
dure, in particular increased rates of cesarean delivery. 
Only the Dublin trial was large enough, however, to 
detect differences in rates of less common maternal and 
neonatal complications previously attributed to elec- 
tronic fetal monitoring. These investigators detected a 
statistically significant increase in the occurrence of 
genital tract infections among women in the electronic 
fetal monitoring group. 


Assessing reports of clinical trials 


If one were limited to published data, less could be 
said about the quality and comparability of the seven 
trials. To demonstrate this point the published reports 
of the trials were assessed quantitatively, with use of a 
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previously standardized method for evaluating trials." 
The method was modified slightly for the assessment 
of electronic fetal monitoring. A score of >80% is con- 
sidered good, and occasionally a report is rated >90%. 
The .Dublin trial scored highest for overall quality 
(86%). Three other trials scored >50%: Sheffield 
(57%), the second Denver trial (54%), and the Copen- 
hagen study (51%). The other studies scored lower: the 
first Denver trial scored 45%; the second Melbourne 
trial, 32%; and the first Melbourne trial, 29%. With 
addition of unpublished information, each trial might 
have scored higher. This evaluation emphasizes the im- 
portance of adequate reporting of both methods and 
results. In this instance the published literature leaves 
the reader with concerns about the quality of all of the 
initial six trials, especially the first Melbourne trial, 
which first suggested that intrapartum electronic fetal 
monitoring may decrease the occurrence of adverse 
neurological sequelae. 


Analysis of the results of the seven trials 
assessing intrapartum electronic fetal 
monitoring 


None of the initial six trials demonstrated a statisti- 
cally significant decrease in the rate of perinatal death, 
stillbirth, neonatal death, 1-minute Apgar score of <7, 
l-minute Apgar score of <4, or neonatal intensive care 
admissions with the use of electronic fetal monitoring 
(Table LI). Only the first Melbourne trial showed a large 
(although not statistically significant) decrease in neo- 
natal seizures associated with electronic fetal monitor- 
ing, as well as a possible decrease in the rate of admis- 
sion for neonatal intensive care. All of the initial six 
trials showed an increased rate of cesarean delivery in 
the electronic fetal monitoring group. The results re- 
garding total operative deliveries were mixed, with in- 
creases in the rates of operative deliveries (that is, ab- 
dominal and forceps deliveries) in the electronic fetal 
monitoring group in both Melbourne trials, the second 
Denver trial, and the Copenhagen study, but decreases 
associated with electronic fetal monitoring use in the 
Denver and Sheffield trials. 

Pooled analyses. To use trial data more efficiently, 
results from similar studies can be pooled for analysis." 
This is particularly useful when trials are too small to 
detect important effects of an intervention, although 
one must interpret the results of pooling with caution." 
In addition to clinical and epidemiologic considera- 
tions, pooling is not appropriate in circumstances in 
which results vary widely. Heterogeneity tests quanti- 
tatively measure the extent of outcome variability in 
trials.‘* In this report we pool the results of the 3928 
women in the first six studies. 

There was no statistical reason for not pooling data 
from the six initial studies on Apgar score, neonatal 
intensive care unit admission, perinatal death, neonatal 
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Table IIIA. Results of six controlled trials assessing the efficacy of routine electronic fetal monitoring 


in labor 
Apgar score <7 at 1 min Apgar score <4 at I min Neonatal seizures 
Denver 1976 13.16 2 2 0.99 
Melbourne 1976 38 35 11.24 a è 2.44 0 4 0.99 
Sheffield 1978 24 24 10.88 4 7 2.70 0 l 0.25 
Denver 1979* 4] 33 15.59 14 l1 5.93 2 2 0.99 
Denver 1979* 35 - 33 14.53 10 1] 5.02 0 2 0.50 
Melbourne 1981 39 40 18.06 4 6 2.49 0 0 0.00 
Copenhagen 1981 - 28 32 14.09 5 7 2.97 0 0 0.00 


NICU = Neonatal intensive care unit; E = electronic fetal monitoring group (experimental); A = auscultation group (control); 


V = variance; NA = data not available. 


*T wo experimental groups, with and without fetal scalp blood sampling, were compared to an auscultation group in the second 


Denver trial. 


Table IIIB. Pooled data from the six controlled trials 


Pooled relative risk 95% Confidence interval 


Apgar score <7 1.07 
Apgar score <4 0.87 
Neonatal seizures 0.39 
NICU admissions 1.01 
Perinatal deaths 1.73 


Test for hetrogeneity 


0.88-1.30 x? = 1.28 (NS) 
0.56-1.30 x? = 1.84 (NS) 
0.14-1.08 x? = 3.75 (NS) 
0.84-1.22 x = 12,15 (NS) 
0.53-5.64 . x2 = 5.51 (NS) 


Table IVA. Results of six controlled trials assessing the impact of routine electronic fetal monitoring on 
the conduct of labor 






Cesarean deltveries 


Denver 1976 40 16 12.40 
Melbourne 1976 39 24 12.95 
Sheffield 1978 24 lI 8.16 
Denver 1979* 4] 13 11.96 
Denver 1979* 26 13 8.95 
Melbourne 1981 18 10 6.79 
Copenhagen 1981 28 18 10.97 


Operative vaginal deliveries 








Total operative deliveries 


78 24.69 100 94 29.08 
67 20.90 109 91 21.49 
78 26.29 95 89 29.26 
54 22.06 105 67 27.15 
54 20.73 80 67 25.11 
101 42.06 158 111 45.5] 
64 31.55 113 82 38.98 


E = Electronic fetal monitoring (experimental); A = auscultation (control); V = variance. 
*T wo experimental groups, with and without fetal scalp blood sampling, were compared to an auscultation group in the second 


Denver trial. 


Table IVB. Pooled data from the six controlled trials 


Pooled relative risk 95% Confidence interval 


Cesarean deliveries 2.17 
Operative vaginal deliveries 1.10 
Total operative deliveries 1.42 


Test for heterogeneity 


1.72-2.73 x? = 4.05 (NS) 
0.95-1.27 x2 = 11.81 (NS) 
1.24-1.62 x? = 7.40 (NS) 





seizures, and operative deliveries (Tables III and IV). 
Slight but nonsignificant increases in the electronic fetal 
monitoring group were found in the number of Apgar 
scores of <7 and in the perinatal death rate. There 
were nonsignificant increases in the auscultation group 
in the number of Apgar scores of <4 and in the number 
of neonatal seizures. There were significant increases 
in the electronic fetal monitoring group in the rate of 


cesarean delivery but a nonsignificant increase in the 
total rate of operative delivery—both vaginal and ab- 
dominal. 

Looking only at those randomized controlled clinical 
trials involving high-risk pregnancies (the Denver trials 
and the first Melbourne trial), one finds a nonsignificant 
increase in the electronic fetal monitoring group in the 
rate of perinatal death (pooled relative risk [RR] = 
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NICU admissions Perinatal deaths 





35 28 13.72 2 I 0.75 
40 29 9.08 l ] 0.50 
45 43 18.19 0 I 0.25 
23 29 11.57 2 0 0.50 
29 29 12.7] ] 0 0.25 
59 48 23.65 l Oe 0.12 
5] 49 22.44 0 l 0.25 





2.72; 95% confidence interval [CI] = 0.68, 10.88) and 
infants with Apgar scores of <7 (pooled RR = 1.15; 
95% CI = 0.88, 1.50) and nonsignficant decreases in 
the rates of neonatal intensive care unit admissions, 
(pooled RR = 0.84; 95% CI = 0.63, 1.12) and neonatal 
seizures (pooled RR = 0.42; 95% CI = 0.15, 1.20). 
There were statistically significant increases in the elec- 
tronic fetal monitoring group in the rate of cesarean 
deliveries (RR = 2.48; 95% CI = 1.78, 3.16) but es- 
sentially no difference in the rate in total operative 
deliveries in association with high-risk pregnancies 
(pooled RR = 0.97, 95% CI = 0.79, 1.19). 

Finally, in pooling data from the trials in which fetal 
scalp blood sampling was used to complement elec- 
tronic monitoring, there were lower but still statistically 
significant increases in the cesarean delivery rate 
(pooled RR = 1.81,95% CI = 1.33, 2.47) and total op- 
erative deliveries (pooled RR = 1.47, 95% CI = 1.24, 
1.74) in the electronic fetal monitoring group. 

The Dublin trial. The Dublin trial of nearly 13,000 
subjects demonstrated a decrease in the number of neo- 
natal seizures in the electronic fetal monitoring group. 
When the data were stratified, this difference in the 
rate of neonatal seizures in the experimental and con- 
trol groups was associated with the use of oxytocin in 
prolonged labor. Six of the 39 infants with seizures— 
three in each group—showed neurological sequelae at 
] year of age. There were no differences in the rates 
of perinatal death, stillbirth, or neonatal death. There 
was no statistically significant difference in the rate of 
low Apgar score, in the rate of admission to neonatal 
intensive care, or in other types of neonatal morbidity. 
Although the increase in cesarean delivery associated 
with electronic fetal monitoring was not statistically sig- 
nificant, the rate of total operative deliveries was sig- 
nificantly increased in the electronic fetal monitoring 


group. 


Comment 


Two important issues are addressed in this report. 
First, there are specific conclusions that one can draw 
from tke evidence in these seven trials relevant to both 


Electronic fetal monitoring 29 


clinical practice and further research. Second, while the 
randomized controlled clinical trial is the most power- 
ful tool available to assess a clinical practice such as 
electronic fetal monitoring, even this tool has limi- 
tations. 

The Dublin trial demonstrates excellent design and 
implementation and illustrates the importance of re- 
viewing even relatively small studies before beginning 
a major trial. After examining pooled data from the 
first four trials, the authors of that study found a sug- 
gestion for benefit of intrapartum electronic fetal mon- 
itoring and fetal acid-base assessment in the reduction 
of neonatal seizures. A randomized controlled clinical 
trial was then designed specifically to test this hypoth- 
esis. The results of the Dublin trial indicate that the use 


of electronic fetal monitoring decreases the rate of neo- 


natal seizures in comparable settings, yet the possible 
limitation of that benefit to selected high-risk pregnan- 
cies and the long-term implications of the apparent 
association of neonatal seizures with the use of intra- 
partum oxytocin warrant further study. Finally, the 
trials reviewed here were designed to assess the effec- 
tiveness of electronic fetal monitoring in the reduction 
of specific outcomes. Hence, even if electronic fetal 
monitoring might better identify an abnormal fetus, 
intervention during labor may not improve the out- 
comes of interest. 

Despite the excellence of the Dublin trial, one must 
remain cautious. First, the finding of a decrease of neo- 
natal seizures in the electronic fetal monitoring group 
is not consistent with the pooled results of the previous 
trials. Second, even in the Dublin trial the long-term 
clinical implications of seizures remain unclear. As the 
authors point out, results of their stratified analyses 
suggest that the benefits of electronic fetal monitoring 
are restricted to an association with protracted labor 
and with women given oxytocin. They state therefore 
that selective rather than universal use of electronic 
fetal monitoring may be preferable. Third, one cannot 
extrapolate from a single trial to other settings in which 
both the patient population and the clinical practices 
may vary. The unique circumstances of a clinical trial 
are likely to result in more careful maternal-fetal sur- 
veillance both in the auscultation and electronic fetal 
monitoring groups than may be practical in other set- 
tings. Certainly, an active policy of induction of labor 
for prolonged pregnancy, the routine use of amni- 
otomy, and the low rate of cesarean delivery (2.3%) in 
Dublin suggest that the clinical practice there is very 
different from that in the United States, where the rate 
of cesarean delivery exceeds 20%. The low prematurity 
rate in that study population and the policy of exclusion 
of patients with meconium must also be considered 
when applying these results to populations in the 
United States. 
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It is desirable therefore to interpret cautiously the 
findings of the Dublin randomized controlled clinical 
trial in the context of that practice setting. The authors 
of the second Melbourne trial concluded that each large 
institution should conduct its own randomized con- 
trolled clinical trial to account for variations in clinical 
practice and patient populations.® Although this is not 
feasible, it would be appropriate to conduct further 
randomized controlled clinical trials to test the hypoth- 
esis that electronic fetal monitoring in conjunction with 
fetal acid-base assessment reduces the rate of neonatal 
seizures and their sequelae, particularly among women 
receiving oxytocin to induce or augment labor. 

Randomized controlled clinical trials comparable in 
size to the Dublin study would also help address im- 
portant questions of the impact of electronic fetal mon- 
itoring on other measures of perinatal morbidity and 
mortality. To assess the long-term impact of this find- 
ing, additional randomized controlled clinical trials will 
provide a larger cohort of children who had neonatal 
seizures. The published literature indicates that a neo- 
natal seizure is a serious prognostic finding, yet fol- 
lowup of the 39 Dublin infants with seizures who sur- 
vived the neonatal period shows no difference in the 
outcomes of the auscultation and electronic fetal mon- 
itoring groups at | year of age. This suggests that there 
may have been a more sensitive diagnostic criterion 
used in the Dublin trial or that the seizures with adverse 
prognostic implications are not those affected by early 
intervention during labor and delivery. 

Finally, establishing policy in clinical practice requires 
not only the determination that a screening procedure 
is effective but also that the human and monetary costs 
are acceptable.'* Moreover, the effectiveness, safety, 
and acceptability of subsequent interventions must be 
considered. For example,.the evidence reviewed here 
demonstrates a significant increase in the rates of vag- 
inal and abdominal operative deliveries associated with 
electronic fetal monitoring, with or without fetal scalp 
blood sampling. In this light, if electronic fetal moni- 
toring is used in essentially all pregnancies, it will have 
large, direct financial costs which will increase dramat- 
ically if associated with an intervention (for example, 
cesarean delivery) that may often be unnecessary. Be- 
fore a rational decision can be made about the routine 
use of this technology, the value of intrapartum elec- 
tronic fetal monitoring screening must be assessed in 
light of the potential benefit of alternative obstetric 
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practices designed to decrease perinatal morbidity and 
mortality. 


First, I wish to acknowledge Dr. H. David Banta for 
his contributions to this manuscript. In addition, I 
thank Professors lan D. Cooke and Mogens Osler and 
Drs. Adrian Grant, Albert Haverkamp, and Peter 
Renou for providing background and unpublished 
data from the clinical trials as well as Dr. Herbert L. 
Peterson for comments on the manuscript. 
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A high prevalence of chlamydial cervicitis in 


postmenopausal women 


Tetsuo Nagashima, M.D. 
Yokosuka, Japan 


One hundred eighty-one healthy women were examined for Chlamydia trachomatis of the cervix. The 
results revealed a nigh prevalence of chlamydia-positive cases concentrated in postmenopausal ages. We 
would like to suggest that the primary infections occurred when the subjects were younger and that the 
organisms have survived for decades. (Am J Osstet GYNECOL 1987;156:31-2.) 


Key words: Chlamydial cervicitis, postmenopausal women, trachomatous conjunctivitis 


Many studies on Chlamydia trachomatis have been 
made to date, and it is now known that a large number 
of asymptomatic infections in women are prevalent 
worldwide. 

Clinical or epidemiologic studies of chlamydial cer- 
vical infections, however, focused mainly on sexually 
active women and thus resulted in a higher positive 
rate in younger women. Some of them revealed a much 
higher prevalence among populations sampled by sex- 
ually transmitted disease departments, a tendency 
which apparently seems plausible. 


Method 


During the period between November 1 and Decem- 
ber 10, 1985, a total of 181 healthy women were ex- 
amined for C. trachomatis in the uterine cervix during 
regular checkups. Their age span was 16 to 65 years, 
with an average of 38.0 years. 

Prostitutes, contacts with men having nongonococcal 
urethritis and/or other sexually transmitted disease(s), 
and women who themselves had other sexually trans- 
mitted disease(s) (genital herpes, trichomenal vaginitis, 
gonorrkea, etc.) were excluded from this study, with 
the exception of those with candida vaginitis. 

The rumber of those excluded was 24, their average 
age was 25.5 years, and the prevalence of chlamydial 
cervicitis was 58%. 

Examinations were performed with use of the Mi- 
croTrak Chlamydia Trachomatis Direct Specimen Test 
(Syva Company, Palo Alto, CA 94304). Specimens were 
collected and fixed by me. 


Results 


Of the 181 cases studied, 10 positive cases were iden- 
tified, for a 5.5% prevalence rate, which ts comparable 
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Table I. Prevalence of chlamydial cervicitis in 
relation to the age of the women examined 











Chlamydia 
trachomatis—postteve 





Age No. of cases 


examined 







16-19 9 l 1] 
20-29 26 2 7.7 
30-39 50 0 

40-49 70 l 1.4 
50-59 21 5 23.8 
60-65 5 ] 20 
16-65 181 10 F9 


to the prevalence rate among the general population 
already reported. 

In the age group of women under 40 years, the cor- 
relation between positive rate and age corresponded to 
that of the Swedish population reported on by Westrém 
et al. in 1982.' 

Contrary to my expectation, however, the age group 
over 40 years showed a much higher positive rate with 
seven positive cases, of which six were postmenopausal. 

The results are shown in the Table I and Fig. 1. 

Each case is described as follows (all women were 
asymptomatic, and all were Japanese): (1) A 44-year- 
old premenopausal woman, had a history of corneo- 
conjunctivitis, which was diagnosed 11 years earlier and 
required considerable time for complete resolution. 
Her two children were also diagnosed at the same time 
as having a similar condition. (2) A 50-year-old post- 
menopausal woman had a history of epidemic con- 
junctivitis, which was diagnosed 10 years ago and re- 
quired considerable time for complete resolution. One 
of her sons was also diagnosed at the same time as 
having a similar condition. (3) A 57-year-old post- 
menopausal woman had an uncertain history of tra- 
chomatous conjunctivitis at the age of nine or ten years. 
(4) A 57-year-old postmenopausal woman had no 
known history of conjunctivitis, but her husband had 
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Fig. 1. Results of this study compared to those in the-study of 
the Swedish population by Weström and Mardh.' . 


history of trachomatous conjunctivitis premaritally. (5) 
Three other postmenopausal women had no known 
past or family history of any conjunctivitis. 


Comment 


Chlamydial cervicitis has long been thought to be 
most common in young, sexually active women. This 


oS 
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study, however, shows a high incidence of asymptom- 
atic chlamydial cervicitis in much older, postmeno- 
pausal women. 

This finding is significant, since it demonstrates that 
chlamydial infections can be found in sections of the 
population in which it was thought such diseases were 
relatively uncommon. 

Before the 1950s, when these subjects were younger, 
trachomatous conjunctivitis was quite common in ja- 
pan, but today it is rarely seen. On the other hand, 
inclusion conjunctivitis is still widely prevalent in Japan. 

It has been established in the literature that the re- 
ticulate bodies of chlamydiae may reside intracellularly 
for long periods of time, protected from host antibodies 
by their lack of specific antigenicity.” 

We therefore would like ta suggest that the organisms 
survived within the women examined in this study for 
long periods of time, perhaps years. 

The primary infections cf C. trachomatis in women 
could have occurred through mucous membranes, such 
as in the eyes or elsewhere, with the organisms then 
surviving for decades before relocating to the uterine 
cervix through undetermined routes. Alternatively, the 
organisms could have resided within the cervical epi- 
thelia since the initial infections. 

Additional studies will shed further light on the high 
prevalence of chlamydial cervicitis in postmenopausal 
women. 
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Combines the advantages 
of transdermal delivery... 
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Providing the natural ovarian estroge! 
(17-beta estradiol) directly to the 
bloodstream and target organs; with 
no first-pass liver metabolism, permit 
use of extremely low dosage 


Effectively controls 
estrogen deficiency 
symptoms 


Steady-state relief of hot flashes, othe 
menopausal symptoms associated wit! 
hot flashes, and vaginal discomfort 


Well tolerated 


Very low incidence of systemic side 
effects...few local problems of 
consequence 


Easy to use; 
transdermal delivery 
preferred 3:1 by 
patients over 
tablets’ 


Usual starting dose: a 0.05-mg systern 
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vith the benefits of 
strogen replacement 


stores and maintains premenopausal 


tradiol serum levels 


stores estradiol levels to near-normal premenopausal ranges 
chieves a physiologic 1:1 ratio of estradiol to estrone 


Mean serum levels of estradiol during continuous 


Mean serum level (pg/ml) 








ilable in dose-reminder calendar packs of eight References: 
shes—0O.05 mg/ 0.1 mg 1. Data on file, CIBA Pharmaceutical Company. 
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“pia rH HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL 

Three independent case control studies have reported an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for more than one year. This risk was inde- 
pendent of the other known risk factors for endometrial cancer. These studies are further supported 
by the finding that incidence rates of endometrial cancer have increased sharply since 1969 in eight 
different areas of the United States with population-based cancer-reporting systems, an increase 
which may be related to the rapidly expanding use of estrogens during the last decade. 

The three case control studies reported that the risk of endometrial cancer in estrogen users was 
about 4.5-13.9 times greater than in nonusers. The risk appears to depend both on duration of treat- 
ment and on estrogen dose. in view of these findings, when estrogens are used for the treatment of 
menopausal symptoms, the lowest dose that will control symptoms should be utilized and medication 
should be discontinued as soon as possible. When prolonged treatment is medically indicated, the 
patient should be reassessed on at least a semiannual basis to determine the need for continued ther- 
apy Although the evidence must be considered perean one study suggests that cyclic administra- 
tion of low doses of estrogen may carry less risk than continuous administration: it therefore appears 
prudent to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is important. In all cases of undiagnosed 
persistent or recurring abnormal vaginal bleeding, adequate diagnostic measures should be under- 
taken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more or less hazardous than “synthetic” 
estrogens at equiestrogenic doses. 

ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 

The use of female sex hormones, both estrogens and progestogens, during early pregnancy may 
seriously damage the offspring. It has been shown that women who had been in utero to 
diethylstilbestrol, a nonsteroidal estrogen. have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated as not greater 
than four per 1000 exposures. Furthermore. a high percentage of such exposed women (30-90%) 
have been found to have vaginal adenosis, epithelial changes of the vagina and cervix. Although these 
changes are histologically benign. it is not known whether they are precursors of malignancy. 
Although similar data on the use of other estrogens are not available. it cannot be presumed they 
would not induce similar changes. 

Several reports suggest an association between intrauterine exposure to female sex hormones and 
congenital anomalies, including congenital heart defects and limb-reduction defects. One case con- 
trol study estimated a 4.7-fold increased risk of limb-reduction defects in infants who had been 
exposed in utero to sex hormones (oral contraceptives, hormone withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb-reduction defects in exposed 
fetuses is somewhat less than one per 1000. 

In the past, female sex hormones have been used during pregnancy in an attempt to treat threat- 
ened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indi- 
Cations, and there is no evidence from well-controlled studies that progestogens are effective for 
these uses. 

if Estraderm is used during pregnancy, or if the patient becomes pregnant while taking this drug. 
she should be apprised of the potential risks to the fetus and of the advisability of continuation of the 


pregnancy. 






































INDICATIONS AND USAGE 
Estraderm is indicated for the treatment of the following: moderate-to-severe vasomotor symptoms asso- 


Ciated with menopause; female hypogonadism: female castration: primary ovarian failure: and atrophic 
conditions caused by deficient endogenous estrogen production, such as atrophic vaginitis and kraurosis 
vulvae. 


CONTRAINDICATIONS 
Estrogens should not be used in women or men with any of the following conditions: 
1. Known or suspected cancer of the breast: 
2. known or suspected estrogen-dependent neoplasia: 
3. known or suspected pregnancy (see Boxed Warning): 
4. undiagnosed abnormal genital bleeding; 
5. active thrombophlebitis or thromboembolic disorders: 


6. history of thrombophlebitis. thrombosis, or thromboembolic disorders associated with previous 


estrogen use. 
WARNINGS 

1. Induction of Malignant Neoplasms. Long-term continuous administration of natural and synthetic 
ply aap certain animal species increases the frequency of carcinomas of the breast, cervix, vagina, and 
liver. are now reports that estrogens increase the risk of carcinoma of the endometrium in humans. 
(See Boxed Warning.) 

At the present time, there is no satisfactory evidence that estrogens given to postmenopausal women 
increase the risk of breast cancer. although a recent long-term follow-up of a single physician's practice has 
raised this possibility Because of the animal data, there is a need for caution in prescribing estrogens for 
women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease, or 
abnormal mammograms. 

2. Gallbladder Disease. A recent study has reported a two- to threefold increase in the risk of surgically 
confirmed gallbladder disease in postmenopausal women receiving oral estrogens, similar to the twofold 
increase previously noted in users of oral contraceptives. 

3. Effects Similar to Those Caused by Estrogen-Progestogen Oral Contraceptives. There are several 
Serious adverse effects of oral contraceptives and other high-dose oral estrogen treatments, most of which 
have not, up to now, been documented as consequences of postmenopausal estrogen replacement therapy. 
This may reflect the comparatively low doses of estrogen used in postmenopausal women. 

a. Thromboembolic Disease. It is now well established that users of oral contraceptives have an 
increased risk of various thromboembolic and thrombotic vascular diseases, such as thrombophlebitis, 
pulmonary embolism, stroke, and myocardial infarction. Cases of retinal thrombosis, mesenteric thrombo- 
sis. and optic neuritis have been reported in oral contraceptive users. There is evidence that the risk of sev- 
eral of these adverse reactions is related to the dose of the drug. An increased risk of postsurgery 
thromboembolic complications has also been reported in users of oral contraceptives. If feasible, estrogen 
should be discontinued at least four weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. 

While an increased rate of thromboembolic and thrombotic disease in postmenopausal users of estro- 
gens has not been found, this does not rule out the possibility that such an increase may be present or that 
subgroups of women who have u ing risk factors or who are receiving relatively large doses of estro- 

S may have increased risk. Therefore, estrogens should not be used in persons with active throm- 
Bophlebiis or thromboembolic disorders, and they should not be used in persons with a history of such 
disorders in association with use. They should be used with caution in patients with cerebral vas- 
cular or coronary artery disease and only for those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day), comparable to those used to treat cancer 
of the prostate and breast, have been shown in a large prospective Clinical trial in men to increase the risk of 
nonfatal myocardial infarction. pulmonary embolism, and thrombophlebitis. When estrogen doses of this 
size are used, any of the thromboembolic and thrombotic adverse effects associated with oral contracep- 
tive use should be considered a Clear risk. 


_ b. Hepatic Adenoma. Benign hepatic adenomas have been associated with the use of oral contracep- 
tives. Although benign and rare,these tumors may rupture and cause death from intra-abdominal hemor- 
rhage. Such lesions have not yet been reported in association with other estrogen or progestogen prepara- 
tions, but they should be considered if abdominal pain and tenderness, abdominal mass. or hypovolemic 
shock Occurs in patients receiving estrogen. Hepatocellular carcinoma has also been reported in women 
ae estrogen-containing oral contraceptives. The causal relationship of this malignancy to these drugs is 
not known. 

c. Elevated Blood Pressure. Women using oral contraceptives sometimes lence increased blood 
pressure which, in most cases, returns to normal upon discontinuing the drug. is now a report that 
this may occur with use of oral ns in the menopause, and blood pressure should be monitored with 
estrogen use, especially if high doses are used. Ethinyl estradiol and Conjugated estrogens have been 
shown to increase renin substrate. In contrast to these oral estrogens, transdermally administered estradiol 
does not affect renin substrate. 

d. Glucose Tolerance. A worsening of glucose tolerance has been observed in a significant percentage 
of patients on estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
observed while receiving estrogen. 

4. Hypercalcemia. Administration of high doses of estrogens may lead to severe hypercalcemia in 
patients with breast cancer and bone metastases. If hypercalcemia occurs. use of the drug should be 
stopped and appropriate measures should be taken to reduce the serum calcium level. 


PRECAUTIONS 
General 


1. Acomplete medical and family history should be taken before initiation of any estrogen therapy. The 
pretreatment and periodic physical examinations should include special reference to blood pressure, 
breasts, abdomen, and pelvic organs, as well as a cervical Papanicolaou test. As a general rule, estrogen 
should not be prescribed for longer than one year without another physical examination being performed. 

2. Because estrogens may cause some degree of fluid retention, careful observation is required when 
conditions that might be influenced by this factor are present (e.g.. asthma, epilepsy, migraine, and cardiac 
or renal dysfunction). 

3. Certain patients may develop undesirable manifestations of excessive estrogenic stimulation, such as 
uterine bleeding, mastodynia. etc. 

4. Prolonged administration of unopposed estrogen therapy has been reported to increase the risk of 
endometrial hyperplasia in some patients. Estrogens should be used with caution in patients who have or 
have had endometriosis. 

5. Oral contraceptives appear to be associated with an increased incidence of mental depression. 
Although it is not clear whether this is due to the estrogenic or progestogenic component of the contracep- 
tive, patients with a history of depression should be carefully observed. 

6. Preexisting uterine leiomyomata may increase in size during prolonged estrogen use. If this occurs, 
estrogen therapy should be discontinued while the cause is investigated. 

7. In patients with a history of jaundice during pregnancy, there is an increased risk that jaundice will 
recur with the use of estrogen-containing oral contraceptives. If jaundice develops in any patient receiving 
estrogen, the medication should be discontinued while the cause is investigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver function and should be adminis- 
tered with caution in such patients. 

9. Because the prolonged use of estrogens influences the metabolism of calcium and phosphorus, 
estrogens should be used with caution in patients with metabolic bone diseases associated with hypercal- 
cemia and in patients with renal insufficiency. 


Information for Patients 
See Patient Package Insert. 


Drug/Laboratory Test Interactions 
The results of certain endocrine and liver function tests may be affected by estrogen-containing oral con- 
traceptives. The following changes have been observed with large doses of oral estrogen: 

1, increased sulfobromophthalein retention: 

2. increased prothrombin time: increased factors VII, VIII, IX. and X: decreased antithrombin = 
increased norepinephrine-induced platelet aggregability: 

3. increased thyroxine-binding globulin (TBG). leading to increased circulating total thyroid harmone 
(T4) as measured by column or radioimmunoassay: free Ta resin uptake is decreased, refiecti 
he elevated TBG: free T4 concentration is unaltered: TBG was not affected in clinical trials of 

straderm: 

4. reduced response to the metyrapone test: 

5. reduced serum folate concentration: 

6. increased serum triglyceride and phospholipid concentration, and decreased pregnanediol excretion. 

The pathologist should be informed that the patient is receiving estrogen therapy when relevant speci- 

mens are submitted. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
See WARNINGS and Boxed Warning. 

Long-term continuous administration of natural and synthetic estrogens in certain animal species 
increases the frequency of carcinomas of the breast. cervix, vagina. and liver. 


See CONTRAINDICATIO INS and Boxed Warning. 


Estrogens should not be used during pregnancy 


Nursing Mothers 
As a general principle, the administration of any drug to nursing mothers should be done only when clearly 
necessary since many drugs are excreted in human milk. 


ADVERSE REACTIONS 

See WARNINGS and Boxed Warning regarding potential adverse effects on the fetus. induction of malig- 
nant neoplasms, increased incidence of gallbladder disease, and adverse effects similar to those of oral 
contraceptives, including thromboembolism. 

The most commonly reported adverse reaction to Estraderm in clinical trials was redness and irritation 
at the application site. This occurred in about 17% of the women treated and caused approximately 2% to 
discontinue therapy. 

The following additional adverse reactions have been reported with estrogenic therapy, including oral 
contraceptives: 

Genitourinary System: Breakthrough bleeding. spotting. change in menstrual flow: increase in size of 
uterine fibromyomata: change in cervical erosion and amount of cervical secretion. 

Endocrine: Breast tenderness, breast enlargement 
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Alcohol teratogenicity in the human: A detailed assessment of 
specificity, critical period, and threshold 


Claire B. Ernhart, Ph.D., Robert J. Sokol, M.D., Susan Martier, M.S.S.A., 
Pamela Moron, B.S., Debra Nadler, B.S., Joel W. Ager, Ph.D., and Abraham Wolf, Ph.D. 


Cleveland, Ohio, and Detroit, Michigan 


Though the occurrence of alcohol-related birth defects is well documented in the human and in animal 
models, definition of specificity, critical period, and dose-response threshold with a precision adequate for 
clinical risk assessment and management has been lacking. Data from a cohort of 359 neonates, from a 
large prospective observational study in which chronic alcohol problems and maternal drinking were 
assessed during pregnancy and standardized neonatal examinations were blinded for prenatal information, 
were analyzed with the use of multivariate techniques, with uniform contro! for confounding by eight 
factors. Craniofacial abnormalities were found to be definitively related to prenatal alcohol exposure in a 
dose-response manner (p < 0.001); a significant, but less striking, relationship was observed for other 
anomalies (p < 0.01}. The critical period for alcohol teratogenicity was confirmed to be around the time of 
conception. Risk for anatomic abnormalities in the offspring was clearly defined among the 5.6% of infants 
whose mothers drank more than three ounces of absolute alcohol, that is, more than six drinks, per day. 
Because of a trend toward an increase in craniofacial abnormalities with increasing embryonic alcohol 
exposure at lower levels, a clear threshold could not be defined. These are not experimental data and the 
results should not be overinterpreted. Nevertheless, pending further studies with larger samples, the ` 
findings suggest that to completely avoid alcohol-related anatomic abnormalities, advice to discontinue 
drinking or at least to reduce it to a minimal levei before conception is clinically appropriate. (AM J OBSTET 


GYNECOL 1987;156:33-9.) 
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anomalies 


That alcohol is a potent teratogen in the human and 
in several animal models has been well established in a 
large number of studies published during the last 13 
years.' Indeed it has been estimated that up to 5% of 
anatomic congenital anomalies may be attributable to 
_ prenatal alcohol exposure.? Although the diagnosis of 
the full fetal alcohol syndrome requires the presence 
of prenatal and/or postnatal growth retardation, cen- 
tral nervous system involvement, and the presence of 
characteristic facial dysmorphology,® it has been hy- 
pothesized that lesser effects, including isolated con- 
genital defects, may be associated with lower, less fre- 
quent and/or differently timed doses of alcohol. 
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Defining alcohol teratogenicity.in the human with a 
precision desirable for offering patients rational advice 
and for clinical risk assessment and management has 
been difficult. First, the drinking of alcoholic beverages 
is a complex human behavior; it is difficult to accurately 
ascertain historically and difficult to represent quanti- 
tatively.''* Second, the pattern of alcohol-related birth 
defects in individuals is not invariant. The list of fea- 
tures observed is lengthy‘ and no single feature is noted 
in every case. Few reports describe the frequency of 
each. One exception is an early article by Hanson 
et al., which included a tabulation of the occurrence 
of nine physical anomalies recorded for 41 children 
with fetal alcohol syndrome. The most frequently noted 
feature, short palpebral fissures, was observed in 92% 
of the children. No other feature was reported for more 
than 65% of the sample. 

Our research group has been studying alcohol-re- 
lated risks in human pregnancy for several years. In a 
previous report,°® we described a neonatal examination 
for anomalies, which was based on the descriptions of 
fetal alcohol syndrome by Hanson et al.’ and others. A 
tally of detected anatomic abnormalities was found to 
be related significantly to maternal alcohol abuse, as 
measured by the Michigan Alcoholism Screening Test 
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(MAST).’ In the MAST-positive group a dose-response 
relationship between first-trimester alcohol exposure 
and the tally was obtained. While maternal alcohol use 
was related to neonatal size (another of the reported 
sequelae of fetal alcohol exposure), this effect was at- 
tenuated with control of parental size measures. Neo- 
natal behavior scores were unrelated to the MAST clas- 
sification and to maternal alcohol use. Thus the anom- 
alies tally appeared to be more sensitive to prenatal 
alcohol exposure than either infant size or behavioral 
measures. 

To define alcohol teratogenicity in the human as pre- 
cisely as possible, the present report extends our pre- 
vious findings by attempting to answer three questions 
concerning the association of fetal alcohol exposure 
and neonatal anomalies. First, are craniofacial anom- 
alies more specifically related to alcohol exposure early 
in gestation than other anomalies? Second, can a critical 
period for alcohol-related dysmorphology be identi- 
fied? Third, can a threshold for alcohol-related tera- 
togenicity be discerned? 


Background and rationale 


Specificity of craniofacial anomalies. Two issues 
bear on the decision to differentiate craniofacial anom- 
alies from other anomalies in the analyses to be pre- 
sented. First, an analysis demonstrating a strong and 
rather specific alcohol exposure relationship with cra- 
niofacial features would strengthen the inference that 
the abnormalities observed are alcohol-related. Second, 
given that individuals differ in their vulnerability to 
alcohol exposure, the focus on craniofacial anomalies 
might provide us with a neonatal indicator of later de- 
velopmental deficit. 

The possibility that abnormalities apparently related 
to fetal alcohol exposure might be attributable to con- 
founding conditions, such as smoking, use of other 
drugs, and poor nutrition, is difficult to rule out in 
studies in humans.’ * Given the limitations of the as- 
sessment of such conditions and the interrelatedness of 
such variables in epidemiologic studies, control through 
statistical methods often underadjusts. The attribution 
of effect to alcohol exposure, however, would be en- 
hanced given that the effect is stronger for those anom- 
alies that are most distinctive and which have been spe- 
cifically linked to fetal alcohol exposure, i.e., the cra- 
nlofacial anomalies. 

Craniofacial anomalies observed in the neonatal pe- 
riod may provide a powerful indicator of later func- 
tioning level, because of a possible association with 
functional deficits of the sensory organs or with ab- 
normal growth of the brain.*? We plan to examine this 
important perinatal developmental issue, with medi- 
cological implications, in a later study of this cohort of 
children. E 

The Anomalies Tally included both craniofacial 
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anomalies and various cardiac, muscular, and skeletal 
features described in various reports of fetal alcohol 
syndrome. The specific hypothesis in the current study 
was that the effect of alcohol exposure would be more 
decisive in the group of cran:ofacial anomalies than in 
the group of other anomalies. 

Critical period. The timing of prenatal exposure to 
alcohol would be expected to be a major determinant 
of the adverse effects observed. Thus alcohol-related 
intrauterine growth retardation” and disruption of the 
normal appearance of amniotic fluid phospholipids” 
have been shown to be related to continued maternal 
drinking in the third trimester; neither fetal alcohol 
effect was observed in pregnancies in which the mother 
became abstinent before that period, with clear impli- 
cations for prevention.’ 

An issue of considerable clinical as well as theoretical 
importance concerns the specific time during preg- 
nancy of greatest vulnerability to alcohol teratogenicity. 
It is generally recognized that the first trimester, in 
particular, the period from 4 to 10 weeks’ gestation (that 
is, from 2 to 8 conceptual weeks, which is the time of 
embryogenesis), is most critical for the induction of 
anatomic abnormalities. It was for this reason that our 
initial analyses assessed the effects of first-trimester ex- 
posure for this outcome measure. However, in our 
previous study, data concerning early pregnancy ex- 
posure were based on maternal drinking data from a 
mean of approximately 12 weeks’ gestation. We now 
contrast this time of exposure with an index heavily 
weighted with second-trimester exposure and, most im- 
portantly, an index that is an estimate of embryonic 
alcohol use. 

Threshold. In our previous report of the relationship 
of anomalies and alcohol use among women with pos- 
itive MAST results, an augmented effect for the women 
reporting the highest alcohol use was noted.° In the 
present report, we attempt to identify a threshold of 
effect for alcohol-related neonatal anomalies. Identi- 
fication of a threshold, if present, for this apparently 
very sensitive feta] alcohol efect would be most useful 
clinically in counseling patients concerning alcohol risk 
to their offspring. 


Methods 


A description of the sample and the methods of col- 
lecting the data has been reported previously’ and a 
summary is presented here. This study was approved 
by the human investigation committee of the insti- 
tution. 

Sample. The infants in this study were the offspring 
of disadvantaged urban women who were screened at 
their first antenatal visit for chronic alcohol problems. 
The instrument used was the MAST.’ This is a well- 
studied, widely used, 25-question instrument, focusing 
on alcohol-related psychosocial disruption, for the de- 
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tection of chronic alcohol problems, that is, alcohol 
abuse and alcohol dependence. Evidence of the validity 
of the MAST for the present study comes from research 
describing an earlier sample of 2913 women from the 
same population.” In this report, MAST-positive preg- 
nant women were found to be 8.3 times more likely to 
have reported drinking #1 ounce of absolute alcohol 
per dav, 19 times more likely to have reported drinking 
=2 ounces of absolute alcohol per day, and 17.5 times 
more likely to have reported drinking 23 ounces of 
absolute alcohol per day than women with negative 
MAST results. The score can range from 0 to 53, with 
a score of 25 considered positive. 

The MAST was administered to all gravid women 
presenting for antenatal care in the clinic setting of a 
hospital that serves primarily disadvantaged patients. 
(About 80% to 90% of hospital patients are in Social 
Classes IV and V, Hollingshead Two Factor Index. 
Among those using the clinic this is close to 100%.) 
From this population all MAST-positive women and 
matched control subjects (MAST negative) were en- 
tered in a study of the use of alcohol in pregnancy 
extending over a period of several years. The match- 
ing variables were race, smoking, parity, date of re- 
cruitment, drug abuse, prepregnancy weight, and 
weeks’ gestation at registration. From this study of 
matched MAST-positive and MAST-negative gravid 
women studied through pregnancy, 543 deliveries oc- 
curred within ‘a specified 15-month period. These 
mother-infant pairs were reviewed for inclusion in a 
cohort to be followed up through the child’s preschool 
years for the evaluation of alcohol-related birth defects. 
Infants were excluded from the prospective study as 
follows: 87 for health-related reasons (gestation <37 
weeks, indications for neonatal intensive care, maternal 
psychosis, and maternal narcotics use), 47 because of 
parental refusal, 16 because of primary language other 
than English, 14 because they were missed by the re- 
search staff (weekend delivery and discharge), 10 be- 
cause of plans to move from the area, and 10 because 
of adoption. The cohort included 359 mother-infant 
pairs. Of these, 113 were black and 246 were white. In 
order to avoid the exclusion of yoked cases, one-to-one 
matching was not retained for the neonatal or pro- 
spective study. 

Examination. Each neonate was examined by a 
trained research nurse who was blinded to the individ- 
ual histories of prenatal alcohol exposure. A listing of 
anomalies observed in one or more of the 359 children 
of the study is provided in Table I. The tallies ranged 
from 0 to 11, with 26 (7.2%) of the 359 neonates pre- 
senting no tallied item. Considered individually, most 
items of the Anomalies Tally are neither very unusual 
nor very worrisome. The rationale behind the devel- 
opment of the Anomalies Tally is that, as the number 
of tnese increases, the results of the examination be- 
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Table I. Incidence of anomalies by MAST group 














MAST- 
positive 
(n = 176) 


MAST- 
negative 





Craniofacial anomalies 


Eyes 
Epicanthal folds 7 2 
Short palpebral fissures 31 26 
Nose 
Short 48 40 
Up-turned 42 38 
Broad, deep bridge 97 92 
Hypoplastic 4 0 
Ears 
Posterior rotation 60 36 
Simply formed 46 34 
Odd shape l 0 
Maxilla 
Hypoplastic philtrum 24 17 
Mandible 
Micrognathia 19 17 
Lips 
Thin upper vermilion 48 33 
Head 
Macrocephaly 0 ] 
Odd shape 0 l 
Face 
Asymmetrical l 0 
Mean 2.4 1.8 
SD 1.5 1.4 
i Test 3.857 
Other anomalies 
Cardiac 
Murmurs, nonfunc- 22 15 
tional 
Cutaneous 
Hirsutism 69 66 
Hemangiomas 0 l 
Accessory nipples 4 l 
Nail hypoplasia, I] 9 
esp. 5th 
Abnormal palmar 9 6 
crease 
Renal-genital 
Labial hypoplasia 2 2 
Hypospadias l 0 
Hydrocele ] 0 
Skeletal 
Pectus excavatum 3 2 
Limited joint move- 0 l 
ment (esp. fingers, 
elbows) 
Hip dislocation ] 0 
Supernumerary fingers ] l 
Clubfoot l 0 
Muscular 
Hernias of umbilicus 4 6 
Diastasis recti 33 22 
Mean 0.9 0.7 
SD 0.9 0.8 
i Test 2.247 
*p < 0.001. 
tp < 0.05. 


come more characteristic of the pattern of dysmor- 
phology identified with fetal alcohol syndrome. 

The items of the Anomalies Tally observed among 
the children of the study were divided into those of the 
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Table II. The relation of first-trimester alcohol exposure to craniofacial and other anomalies among 


infants of MAST-positive women 


Anomalies | Covariate Increment 
index Alcohol exposure index (% of variance) (% of variance) F p 
3.6 6.88 


Absolute alcohol per day, first trimester 


Craniofacial 
Proportion/drinking days 


Other Absolute alcohol per day, first trimester 


Proportion/drinking days 


12.0 0.01 
12.0 4.9 9.52 0.002 
8.3 0.5 0.94 0.33 
8.3 0.8 1.38 0.24 





The variance for the missing data variables is not included in either the covariate or exposure-increment variance. 


craniofacial area and those of a more general nature. 
This division and the frequency of each item in the 
MAST-positive and MAST-negative groups are also in- 
dicated in Table I. Craniofacial items not noted in the 
cohort were ptosis, cleft palate, and cleft lip. Among 
the other anomalies listed for examination, inguinal 
hernia was not recorded for any infant in the study. 

Indices of alcohol exposure. The first indicator sug- 
gesting fetal alcohol exposure was the initial selection 
criterion, positive or negative MAST classification. 
While some MAST-positive women described them- 
selves as being abstinent during pregnancy, MAST-pos- 
itive women averaged moderately high levels of alcohol 
consumption.” Furthermore, as previously reported,® 
all women in the highest category of first-trimester al- 
cohol use were MAST positive. This association of the 
MAST classification and alcohol use further enhances 
the validity of the MAST for use with pregnant women. 

In addition to the administration of the MAST at the 
first antenatal visit, carefully structured interviews’ 
were used at each antenatal visit to elicit a recall of 
alcohol use on a day-by-day basis for beer, wine, and 
liquor. The major indices of alcohol use were based on 
ounces of absolute alcohol per day. The median and 
modal point in pregnancy for the first interview was 19 
weeks and the index computed for the data of this visit 
is designated as “absolute alcohol per day, second 
trimester,” in the analyses that follow. 

Of the 359 participants, 139 had enrolled before the 
end of the first trimester; all available first-trimester 
sampled days were used to compute “first-trimester ab- 
solute alcohol per day” for these cases. The availability 
of first-trimester data was not related significantly to 
the respective outcome measures. In the regression 
analyses that follow, the lack of data for the remaining 
cases was handled through the use of a missing data 
variable.“ The use of the missing data variable in these 
analyses served both to maintain the statistical power 
of the analyses and to provide a test of any bias that 
might be introduced by the sampling limitations. The 
tests for bias were negative in each analysis; that is, the 
respective indices for neonatal anomalies did not differ 
as a function of whether or not the mother enrolled 
for care in the first trimester. 


The third index of alcohol exposure is designated as 
“embryonic absolute alcohol per day.” A note of expla- 
nation is in order. Neither measures of alcohol use at 
or about the time of conception nor measures of pre- 
pregnancy drinking were included in the original pro- 
tocol. Since the period shortly after conception is the 
period of embryogenesis and possibly the period of 
greatest risk for alcohol-related dysmorphology, we 
sought a method of using the available data (MAST 
score and measures of alcohol use during pregnancy) 
to provide estimates for each individual of alcohol con- 
sumption at that period. 

The method by which this index was developed has 
been reported previously." In brief, in a separate sam- 
ple of 57 intensively studied pregnant women in a dif- 
ferent city, at a median gestational duration of 19 
weeks, women were interviewed with respect to their 
alcohol intake during the previous 2 weeks. The inter- 
view protocol, including the administration of the 
MAST, followed closely the carefully structured and 
nonthreatening techniques used originally in the pres- 
ent study.” (The structure of the interview asks for 
recall of amounts and kinds of beverage by day of the 
week. Reference to relevant social and entertainment 
activities is used to aid recall by days.) The women were 
then questioned in a similar manner about their usual 
prepregnancy drinking and about their drinking at the . 
time at which they thought they conceived. In this in- 
terview the prepregnancy and current drinking esti- 
mates provided structure for the questions regarding 
drinking about the time of conception. 

Multiple regression analysis of the data of these 
57 women, with MAST score and current drink- 
ing (absolute alcohol per day) used as independent 
variables and embryonic drinking used as the depen- 
dent variable, yielded the following equation: em- 
bryonic absolute alcohol per day = (0.12 x MAST 
score) + (0.67 x current absolute alcohol per day) + 
0.08. (R? = 37.1%.) This equation was executed for 
each pregnancy in the current sample. The resulting 
estimate was used as an index of embryonic alcohol 
exposure. 

One additional index used in the specificity analyses 
was proportion of drinking days in the first trimester. 
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Table III. The relationship of congenital anomalies to absolute alcohol per day in three periods 
of exposure 












Covariate Increment 
Pertod of exposure Anomalies (% of variance) (% of variance) F 
Second trimester Craniofacial 8.5 0.7 2.64 0.11 
Other 0.4 1.5} 0.22 
First trimester* Craniofacial 8.5 1.3 4.79 0.03 
Other 8.7 0.7 2.48 0.12 
EmEryonic Craniofacial 8.5 3.4 13.46 0.000 
Other 8.7 2.4 9.29 0.002 


*A missing data variable was used in first-trimester analyses. The missing data variance is not included in either the covariate 


or the exposure-increment variance. 


This index of persistence or regularity of maternal 
drinking was computed as the ratio of days on which 
drinking occurred to the number of days covered in 
the interviews. 

Methods of data analysis. Initial analyses used ¢ tests 
to contrast MAST-positive and MAST-negative groups. 
These provide only a preliminary indication of the re- 
lations involved, since they did not control for con- 
founding variables. Eight covariates were selected 
a priori as possible confounders. These were maternal 
age, race, parity, nutrition, cigarette smoking, the use 
of marijuana, and the use of other illicit drugs during 
pregnancy. Demographic data were obtained at the first 
antenatal visit. Other data (aside from infant sex) were 
collected in interviews during the course of pregnancy. 
We have previously reported the association of MAST 
classification and nutritional measures.” We have also 
previously noted an association of race, maternal age, 
and parity and the use of illicit drugs with a full tally 
of anomalies (both craniofacial and other). In order 
to maintain consistency between analyses, we did not 
eliminate the nonsignificant covariates in the analyses 
but used the full set in each statistical model. 

The statistical method used for all but the initial anal- 
yses was incremental multiple regression with the in- 
dependent variable under test entered after the full set 
of covariates." Because the absolute alcohol per day 
indices were positively skewed, logarithmic transfor- 
mations were used. 

Because of multiple comparisons made in the study, 
0.05 < p <0.01 was considered borderline and p< 
0.01, significant. 


Results 


Specificity. Table I includes ¢ tests substantiating sig- 
nificant differences between the MAST-positive and 
MAST-negative groups for the tabulations of cranio- 
facial ard other anomalies. These were further tested 
in regression analyses with MAST as the mdependent 
variable. control of the covariates, and the two tallies 
as dependent variables. For the craniofacial tally the 
initial variance of the model (associated with covariates) 


was 8.5% and the variance increment associated with 
the MAST classification was 2.6% (p = 0.002). For the 
other anomalies, the initial variance was 8.7% and the 
variance increment for the MAST was 1.0% (p = 0.06). 
For both tallies the covariate contributing most strongly 
to the models was race. 

Because a much wider range of alcohol use was re- 
ported by MAST-positive women, further tests of the 
specificity of the craniofacial anomalies were made sep- 
arately for the infants of MAST-positive and MAST- 
negative women. As shown in Table II, among infants 
from MAST-positive pregnancies, the count of cranio- 
facial anomalies was related significantly both to the 
first-trimester absolute alcohol per day and to the pro- 
portion of drinking days; corresponding analyses for 
members of the MAST-negative group failed to reach 
statistical significance. In both groups the variance in 
other anomalies accounted for by the first-trumester 
alcohol indices was small and nonsignificant. 

Critical period. Data for the entire sample (n = 359) 
were used for comparisons of the three periods of ex- 
posure for each of the two measures of congenital 
anomalies. As shown in Table III, neither of the counts 
of congenital anomalies was related significantly to ab- 
solute alcohol per day, second trimester, and only the 
count of craniofacial anomalies was related significantly 
to absolute alcohol per day, first trimester. Embryonic 
absolute alcohol per day explained considerably more 
variance in both the craniofacial and the other anom- 
alies than either late first-trimester or second-trimester 
absolute alcohol per day indices. 

Threshold. The relationship of each group of anom- 
alies, residualized for the eight covariates, to the em- 
bryonic alcohol index is shown in Fig. 1. The cranio- 
facial anomalies were related in a consistent dose-re- 
sponse manner to maternal drinking in the period of 
embryonic development. In spite of one slightly deviant 
point, the plot for other anomalies was generally con- 
sistent with the expected dose-response pattern. The 
graphed data suggest the possibility of a nonlinear fit, 
that is, that the effect was due primarily to the peak 
incidence at absolute alcohol per day >3.0. This pos- 
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Fig. 1. Means (+ SE) of craniofacial and other anomalies, both 
residualized for eight covariates, as a function of embryonic 
absolute alcohol per day in ounces. For absolute alcohol per 
day = 0, n = 95; for <1.0, n = 161; for <2.0, n = 60; for 
<3.0,n = 23; and for >3.0,n = 20. F and p values are shown 
in Table III. 


sibility was tested in two ways. The first, a polynomial 
analysis with inclusion of a quadratic term, was not 
significant for either anomalies measure; the hypothesis 
of a nonlinear relationship was not supported. The 
possibility of a threshold of effect was also explored 
through truncation of the 20 cases (5.6% of the sample) 
with absolute alcohol per day >3.0. Under trunca- 
tion, the effect sizes for the craniofacial and other 
anomalies were reduced to 1.6% and 0.9%, respectively. 
For the craniofacial anomalies, this remaining incre- 
mental variance was of borderline statistical significance 


(p = 0.017). 


Comment 


The key findings of this study are that anatomic ab- 
normalities detectable in the neonate, particularly of 
the craniofacial area, are related in a clear dose-re- 
sponse manner to prenatal alcohol exposure and that, 
as would be expected embryologically, the critical pe- 
riod is in the early first trimester, that is, the embryonic 
period. Though there has been convincing evidence 
for a dose-response relationship between prenatal al- 
cohol exposure and a range of adverse outcomes in 
animal models' and evidence in the human for a dose- 
response relationship to risk for small for gestational 
age birth, to the best of our knowledge, the current 
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findings are the first to define a dose-response rela- 
tionship between embryonic exposure to alcohol and a 
specific set of anatomic congenital abnormalities in the 
human. 

These findings must not be overinterpreted. These 
are not experimental data. Although neonatal exami- 
nations were blinded for all prenatal information, in- 
cluding maternal drinking history,’* and we have been 
unable to detect bias in these examinations, despite ex- 
tensive analyses, there is still a possibility of confound- 
ing in observational data. Statistical control, often in- 
complete, here for eight covariates, may or may not 
have been entirely adequate. It is possible, for example, 
that the nutrition measures (24-hour recall for Rec- 
ommended Dietary Allowances in five food categories) 
may not have been sufficiently sensitive to alcohol-re- 
lated nutritional deficits and that such deficits are the 
immediate antecedents of the anomalies observed. Data 
consistent with this interpretation would not eliminate 
alcohol in the chain of causation, but they would de- 
scribe the causal pathway more specifically than is the 
case with the present data set. Such considerations can- 
not be dismissed completely in epidemiologic analyses 
such as this. Nevertheless, aside from a few very rare 
conditions, such as fetal hydantoin syndrome, the pat- 
tern of anomalies associated with fetal alcohol syn- 
drome appears from the current analysis, as well as 
clinically, to be reasonably specific to the infant exposed 
to alcohol prenatally. 

An additional caveat relates to the finding that even 
with statistical control of ccvariates, the association of 
MAST classification and craniofacial abnormalities re- 
mained strong and highly significant. The MAST mea- 
sures chronic alcohol-related problems, so this finding 
is not inconsistent with the inference that maternal 
physiologic change secondary to alcohol dependence- 
abuse might contribute to abnormal infant outcome, as 
suggested by Majewski and Goecke." Alternatively, we 
have previously shown that drinking near the time of 
conception, the period of maximal vulnerability for an- 
atomic defects, is nearly as heavy as that in the non- 
pregnant state.” Because of the strong correlation be- 
tween MAST and absolute alcohol per day, whether it 
is the alcohol, the alcoholism, or both, so to speak, can- 
not be determined from these data. Results from ani- 
mal studies, however, suggest that the major effect re- 
sults from direct exposure of the embryo to alcohol. 

Two of the aims of the study, the greater specification 
of craniofacial anomalies and the identification of a 
critical period for exposure, are defined clearly in the 
findings detailed in this report. The further use of the 
data in a search for a threshold of effect was less de- 
finitive. We are very confident in concluding that the 
consumption of more than 3 ounces of absolute alcohol 
per day, that is, six cans of beer, glasses of wine, or 
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mixed drinks per day, at or about the time of concep- 
tion greatly increases the risk for alcohol teratogenicity. 
A “no effect zone” often seen with teratogens might be 
expected. Indeed, some studies, for instance, that of 
Lumley et al., have not detected an alcchol effect at 
low levels of intake. However, in the current sample, 
truncation to retain only those subjects consuming less 
alcohol reduced, but did not wholly eliminate, this ef- 
fect. This reduction in the effect and the curvilinear 
trend presented in Fig. | suggest that a threshold level 
might be observed with a larger database, but the trend 
toward an effect at lower doses suggests a clinical im- 
plication. Prudence supports the recommendation that 
to completely avoid alcohol-related anatomic abnor- 
malities, women who are planning pregnancy should 
avoid alcohol consumption or, at least, reduce their 
consumption to a minimal level. 


We are grateful for the assistance provided by Shel- 
don Miller, M.D., Mary J. Kennard, R.N., C.P.N.P., and 
Nancy Golden, M.D. 
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Abruptio placentae: Clinical management in nonacute cases 


John S. Sholl, M.D. 


Evanston, Illinois 


One hundred thirty cases of clinically diagnosed abruptio placentae encompassing the wide range cf acuity 
were grouped by gestational age at delivery into previabie, preterm, and term divisions for comparison of 
demographic data, presenting symptoms, delay to delivery, mode of delivery, and delivery indications. 
Attention was focused on the preterm group of patients to assess the implications of presenting symptoms, 
the usefulness of ultrasonography, and the safety and efficacy of tocolysis. Cigarette smoking and a 
previous poor obstetric history were found to be more frequent in the preterm compared to the term 
abruptio placentae. Ultrasonic visualization of a clot was successful in 25% of the preterm patients but 
otherwise appeared to have little or no impact on course or management. Tocolysis for the preterm 
patients appeared to be beneficial in prolonging gestation and did not increase the likelihood of cesarean 
delivery, hemorrhage, or fetal distress. The cumulative rates of delivery following admission were 
compared with and without tocolysis, with and without sonographic visualization of a clot, and overal as a 
function of gestational age at initial hospitalization. Perinatal mortality was 17%. Inpatient management 
with frequent fetal heart rate monitoring, tocolysis if indicated, and timely use of cesarean delivery are 
advocated to promote prolongation of the pregnancy and minimized perinatal mortality. (AM J OBSTET 


GYNECOL 1987;156:40-51.) 


Key words: Abruptio placentae, ultrasonography, tocolysis 


Bleeding in the third trimester of pregnancy has been 
reported to occur in approximately 4% of pregnancies. 
Among these episodes about 20% can be attributed to 
placenta previa and 30% to definitive abruptio placen- 
tae.' Thus about half of the bleeding episodes in preg- 
nancy remain ill-defined as small or “marginal” pla- 
cental separations (sometimes associated with labor), as 
local birth canal lesions, or as bleeding with no deter- 
minable etiology. Heretofore, attention has been fo- 
cused mostly on abruptio placentae of significant con- 
sequence, that is, grades 2 or 3 in the classification 
system first proposed by Page et al? (Table I), with 
maternal hemodynamic instability, coagulopathy, fetal 
distress or death,** or exclusively toward cases of 
abruptio placentae that have resulted in fetal death.’ 
A number of authors have concentrated on the risk 
factors associated with such major cases, which have 
included hypertension, multiparity, cigarette smok- 
ing, previous abruptio placentae, and occasionally 
trauma.”® With these cases of acute abruptio placentae 
the need for rapid diagnosis and treatment and the 
significant impact of cesarean delivery in reducing peri- 
natal mortality have been emphasized.“ 51% 1 

“Marginal sinus separation,” “chronic abruption,” or 
“limited abruption” are nonstandardized terms to cat- 
egorize bleeding that has a more prolonged and/or per- 
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haps transiently noncatastrophic course when placenta 
previa, birth canal injury, and major abruptio placen- 
tae, that is, grades 2 or 3, are not ultimately diagnosed. 
The natural history, evolution, management guide- 
lines, and clinical course of this latter category of abrup- 
tio placentae appear sparsely presented or discussed 
in the medical literature, although these episodes 
represent the majority of encounters for most obste- 
tricians. 

In this nonacute category of abruptio placentae the 
diagnosis is often tenuous and rests on the subjective 
clinical impression that the bleeding results from pre- 
mature, nonphvsiologic separation of the placenta. The 
histologic examination is often nonconfirmatory after 
birth, particularly in the term laboring patient, after 
the complete and normal physiologic separation of the 
placenta has taken place. Histologic features are logi- 
cally not present if the bloed does not coagulate un- 
der the placenta or membranes but instead egresses 
through the cervix. 

Without much descriptive literature of the nonacute 
abruptio placentae, numerous questions arise as to the 
appropriate management and ultimate outcome of this 
circumstance. Thus the particular objectives of this 
study were to examine such questions as whether there 
are hazards or benefits of tocolysis, what is the likeli- 
hood of a future extensive placental separation with 
acute distress or fetal loss with conservative manage- 
ment, and under what circumstances and for how long 
pregnancies may be safely maintained. In recent years 
ultrasound examinations have been reported in small 
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Table I. Classification of abruptio placentae according to maternal and fetal signs 


Concealed Uterine Fetal 
Grade* hemorrhage tenderness distress 
0 No 


] No No 
2 Yes Yes 
3 Yes Yes 


Maternal 
hypotension Coagulopathy 
No No 


No 
No No No 
No Rare Yes 
Yes Often Death 


*Grade Q is a retrospective diagnosis from inspection of the placenta. Grade ] includes “marginal sinus” separation or other 
limited processes of abruptio p-acentae. Grades 2 and 3 imply significant hemorrhage requiring immediate therapy with the 


‘possibility of maternal complications. 


series showing abruptio placentae findings.'*'* Thus an 
additional issue is with what frequency ultrasound ex- 
amination is capable of showing the abruptio placentae 
process and whether such clarification of the diagnosis 
offers any useful clinical parameters toward manage- 
ment of the patient. 

The current report originates from the Evanston 
Hospital—a regional perinatal center serving the com- 
munity of Evanston and surrounding north shore Chi- 
cago suburbs to the Wisconsin border. With use of com- 
puterized delivery data citing abruptio placentae as a 
delivery complication, cases were reviewed and clinical 
data tabulated to report on the broad spectrum of clin- 
ically diagnosed cases of abruptio placentae over 33 
consecutive months. 


Material and methods 


Since July 1, 1983, delivery data at Evanston Hospital 
(labor delivery summary) have been computerized for 
the purpose of statistical analysis and review. With use 
of the clinical diagnosis of abruptio placentae as re- 
ported by the attending physician following delivery, 
patients were identified, their hospital charts reviewed, 
and clinical data abstracted into a study record encom- 
passing July 1, 1983, to March 31, 1986. Several ad- 
ditional case records were obtained from the medical 
records department by search of the abruptio placentae 
ICD-9 code wherein the diagnosis of abruptio placentae 
was made at an antepartum hospitalization (without 
delivery), but without abruptio placentae being diag- 
nosed at the subsequent hospitalization for delivery. 
One hundred thirty study records were accessed, lim- 
ited to delivery between 20 to 42 weeks of estimated 
gestational age (best clinical ‘estimate based on either 
last menses or ultrasound examinations), although sev- 
eral of the youngest gestational age cases (that is, <25 
weeks) were managed as late abortions with nonviable 
severely premature fetuses. The abstracted data in- 
cluded gestational age at admission, presenting symp- 
toms, gravity, parity, initial hemoglobin, hematocrit, 
platelet count, prothrombin time, partial thromboplas- 
tin time, low hemoglobin, low hemaiocrit, transfusions, 
tocolytic use, duration of use, clinical course, delivery 


indications, estimated gestational age at delivery, deliv- 
ery type, fetal weight, Apgar scores, umbilical cord 
blood gases if obtained, and statements in the delivery 
or operative summary which reported findings such as 
marginally attached clots, excessive bleeding, definitive 
retroplacental clots. If ultrasound examination was 
done by the attending or house staff in the labor and 
delivery suite, the reported findings were entered for 
the record. Finally, the findings of ultrasound exami- 
nations performed by the obstetric ultrasonography 
laboratory during the presumptive course of the abrup- 
tio placentae were retrieved and entered on the study 
record. In anticipation of this report, and with the clin- 
ical suspicion of abruptio placentae, particular attention 
was directed to any abruptio placentae findings on ul- 
trasound examination. The 130 case study records were 
thereafter entered in a computer file, enabling sorting 
and tabulation of the data. Admitting symptoms (one 
or more) were grouped with use of the admitting his- 
tory terminology and physical descriptions: bleeding, 
spotting, chronic spotting (>4 weeks’ duration), cramp- 
ing, contractions, spontaneous rupture of membranes, 
hypertension or preeclampsia, back pain, or active la- 
bor. Delivery indications (one or more) were similarily 
categorized among the following from the clinical rec- 
ord: hemorrhage, active labor, cervical dilation, fetal 
distress (severe variable decelerations, late decelera- 
tions), fetal maturity, other. Surgical findings in the 
delivery or operation record were grouped as follows: 
old clots (judged to be well organized, fixed, or with 
friable quality), new clots, excessive bleeding, maygin- 
ally attached clots, negative (no findings of abr/f¢itio 
placentae), vacant (no statements in the record), Fe 
ply abruptio placentae. 

In reviewing the accumulated data regarding the ob- 
jectives of the study, natural divisions became evident 
allowing placement of patients into three groups for 
analysis and discussion—those delivering severely pre- 
maturely at gestational week 20 to week 25 plus 3 days 
in whom fetal or neonatal death occurred without much 
effort or success in prolonging pregnancy (previable 
group); a middle group delivering between week 25 
plus 6 days to week 36 plus 6 days of gestation (preterm 
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Table II. Demographic data of the three groups of the study population*—130 mothers and 135 infants 


Age (yr) 
Range (yr) 
Smoking habits 
Yes 
No 
Unknown 
Race 
White 
Black 
Hispanic/Oriental 
Primigravid 
} term delivery with/without abortions 
2-5 term/preterm deliveries with/without abortions 
Only previous abortions or preterm delivery with 
neonatal loss 


Weight (gm) 


Estimated gestational age at delivery 


Pra 
29.5 + 5.1 29.2 + 5.4 29.4 + 3.6 
- 18-43 16-45 24-34 

3 15 l 
30 25 4 
17 32 3 
45 64 8 
2 6 0 
3 2 0 
25 (50%) 18 (25%) 2 (25%) 
13 (26%) 20 (27.8%) 3 (37.5%) 
8 (16%) 17 (23.6%) 1 (12.5%) 
4 (8%) 17 (23.6%) 2 (25%) 
17454-4423 830-3218 250-780 


*Term = Gestational week 37 to week 42 plus | day; preterm = week 25 plus 6 days to week 26 plus 6 days; previable = week 


20 plus 2 days to week 25 plus 3 days. 
tIintrauterine growth—retarded infant. 


Table III. Symptoms at hospital admission 


Bleeding (alone) 2 
Bleeding with contractions/cramping 8 
Bleeding with SROM 3 6 
Contractions/active labor l 
SROM with/without cramping/labor 8 
Back pain with/without other 6 


symptoms 
Hypertension (preeclampsia) l 2 
Spotting/cramping l 2 
Chronic spotting with/without other 0 
symptoms 


SROM = Spontaneous rupture of membranes. 


Previable Total 

z 
14 19.4 0 16 12.3 
21 29.1 0 29 22.3 
7 9.7 0 10 r 
4 5.6 0 15 11.5 
6 8.4 3* 24 18.5 
6 8.4 1* 12.5 13 10 
4 5.6 l 12.5 6 4.5 
8 4,2 j} 12.5 5 3.8 
7 9.7 5t 62.5 12 9.2 


*In the previable group three patients sustained SROM with or after symptoms categorized above. 


group); and last, the group delivering at a mature ges- 
tational age of >37 weeks for whom, in the face of 
suspected abruptio placentae or with the abruptio pla- 
centae process occurring during the course of active 
labor, maintenance of the pregnancy was not an issue 
and rarely undertaken. The middle group, those whose 
pregnancies were often able to be maintained with con- 
servative management and/or tocolytic use, became the 
focal point of the report and of principal concern re- 
garding the premature infant in the clinical manage- 
ment of nonacute abruptio placentae. The statistical 
methods used included x’ analysis with either the Yates 
correction or Fischer’s exact test for small sample sizes 
and one application of the Kruskal-Wallis one-way anal- 
ysis of variance. 


Results 


The mature group at delivery accounted for 50 
mothers and 50 infants delivered at week 37 to week 
42 plus 1 day of gestation. The demographic data are 
presented in Table II. The presenting symptoms are 
shown in Table HI, which indicates a preponderance 
of patients presenting with spontaneous rupture of 
membranes and a distinct incidence of back pain oc- 
curring with any other svmptoms. Within these term 
deliveries with abruptio placentae were three patients 
who had been previously admitted to the hospital with 
bleeding and a consequent clinical diagnosis of mar- 
ginal sinus bleeding or limited abruptio placentae. 
These admissions were 79, 57, and 36 days before de- 
livery. All three had been examined by ultrasound dur- 
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Table IV. Method of delivery according to estimated gestational age at delivery 





Spontaneous 27 54 
Low/mid forceps 7 14 
Primary cesarean section 12 26 
Repeat cesarean section 4 8 
Cesarean section indications 

Hemorrhage 6 

Distress* 8 

Other 2t 


Preterm 


441.7 6 75 43 33.1 
1.4 Q 8 6.2 
45.8 2 25 47 36.2 
11.1 0 12 BY 

2 27 

22 

10 


*Fetal distress as implied by abnormal fetal heart rate monitoring findings. 
+Mature with visualized abruptio placentae, mature repeat cesarean section. 
+Nonvertex presentation, repeat cesarean secuon in labor, severe preeclampsia. 


ing the previous admission, with negative findings for 
abruptio placentae. At delivery the placental exami- 
nation was negative for evidence of the old abruptio 
placentae in two patients; however, old clots adherent 
to the placenta were evident in the 36-day patient. The 
remaining 47 patients did not have ultrasound exam- 
inations during the course of the labor and delivery, 
and 46 of the 47 were delivered within 0 to 1 calendar 
day of admission as expected. The mode of delivery is 
presented in Table IV. 

Among the 16 cesarean sections, 14 were performed 
with a delivery indication of hemorrhage or fetal dis- 
tress. The remaining two included one repeat cesarean 
section in labor and one primary case for which the 
diagnosis of abruptio placentae was made at the time 
of operation. The initial admitting diagnosis was abrup- 
tio placentae in nine cases. In seven of these delivery 
was expeditiously performed by cesarean section—one 
vaginally after measuring 7 cm at admission (3317 gm; 
Apgar scores, 8 and 9) and the other was the one with 
an abruptio placentae diagnosis 79 days earlier (3629 
gm; Apgar scores, 8 and 9) with no abruptio placentae 
findings at delivery. 

Neonatal outcomes of the term abruptio placentae 
patients were 48 living surviving infants with a weight 
range of 1745 to 4423 gm. These 48 infants had 5- 
minute Apgar scores of 8 to 10. Two infants were born 
with Apgar scores of 0 and 0, and both died. Baby C 
(3050 gm), who died on day I of life, was known to 
have a large diaphragmatic hernia antenatally with an 
80% abruptio placentae occurring in the hospital the 
night before a planned repeat cesarean delivery. Baby 
W (3310 gm) was delivered by low forceps with rapid 
bright red bleeding occurring during the late second 
stage of labor. This severely asphyxiated infant lived 
13 days. Operative report descriptions of the placenta 
and delivery course included 11 marginally attached 
clots, 30 cases of abruptio placentae, 17 instances of 


excessive bleeding, seven new clots, two old clots, and 
four negative or vacant statements. 

Review of the predelivery and postdelivery hemo- 
globin/hematocrit values and platelet and clotting as- 
says in the mature group showed nominal blood loss 
in the great majority with many patients lacking post- 
delivery values. Three patients received | to 2 U trans- 
fusions. Patient C, whose infant was described above 
and who had the massive abruptio placentae in hospital, 
received 4 U of packed red blood cells. Additionally, 
this was the only patient among 15 assayed who had 
clotting dysfunction. Platelet counts were obtained in 
20 of the 50 term abruptio placentae patients and were 
<150,000/mm‘ in only four instances. The average he- 
moglobin drop of these four was 2.6 gm/100 ml and, 
given the wide variation, was not statistically different 
from the mean 2.1 gm/100 ml drop in hemoglobin of 
12 other patients (with available data) whose platelet 
counts were >150,000/mm°. 

At the previable gestational ages of 20 weeks to 25 
weeks plus 3 days, eight cases were segregated based 
on the gestational age and outcome similarities. Their 
demographic data are also presented in Table I. Five 
patients reported chronic spotting (at least 4 weeks) as 
a presenting symptom with cramping or contractions 
at admission. Two with this chronic spotting and a third 
patient who complained of back pain, sustained spon- 
taneous rupture of membranes leading to admission. 
The seventh patient presented with severe preeclamp- 
sia at gestational week 23 plus 6 days. The eighth pa- 
tient in the group presented with spotting and active 
preterm labor at 10 cm dilation. The initial diagnosis 
was abruptio placentae in four of the eight, with the 
one preeclampsia case and three additional cases di- 
agnosed as having preterm labor completing the group. 
The three patients tn active preterm labor were deliv- 
ered vaginally, as were three others—two with success- 
ful prostaglandin evacuations. Two patients underwent 
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Table V. One- and 5-minute Apgar scores in the preterm group according to delivery type 
No. of infants delivered vaginally grouped by 


No. of infants delivered by cesarean section 
grouped by Apgar score (n = 45) Apgar score (n = 31) 
De [fw [|e pm la 


At I minute 19 15 8 3 18 10 2 1* 
At 5 minutes 39 3 ] 2t 28 2 0 |* 








*Known intrauterine death befcre delivery. 


tOne known intrauterine death secondary to acute hemorrhage, in transverse lie, and a previous intrauterine death of a 500 
gm growth-retarded twin. 


Table VI. Comparison of delivery method and indications in preterm patients with visible clots, no 
findings of abruptio placentae, other findings, and not scanned 


Indications for cesarean section 


Primary Repeat Vagenal 
n cesarean section cesarean section delivery Hemo-rhage Distress Other 





Visible clot 12 8 0 4 6 l I7 

No abruptio placentae 33 11 3 19 6 5 37 

Other findings — 3 l ] F: 0 2 0 

Not scanned 24 13 4 roa 8 6 3§ 

Total preterm 72 33 8 3] 20 14 7 

*Fetal maturity with visible retromembranous clot. 

tActive labor, repeat cesarean section; severe preeclampsia; breech presentation. 

Oblique septum, intrauterine fetal death witnessed, rounded placenta. 

$A pair of 850 and 830 gm twins; severe preeclampsia; transverse lie. 
hysterotomy because of hemorrhage. Six of the group significant increase in the number of known cigarette 
had had ultrasound examinations, and in two, exten- smokers. A x? analysis of smoking/nonsmoking or un- 
sive retromembraneous dissections were clearly visible, known and preterm/term abruptio placentae in a two- 
whereas in four there was no finding of abruptio pla- ` by-two table yielded a value of 5.162 (p < 0.025). There 
centae. Although there were only two positive scan find- was also a significantly increased proportion of preterm 
ings of abruptio placentae, four of the six patients who patients reporting a poor obstetric history, that is, 17, 
were scanned did indeed have old adherent clots found or 23.6%, had had only abortions or preterm deliveries 
at delivery. without surviving infants (x? = 10.279 at 3 df (p< 

All these previable neonates died intrapartum or in 0.025). 
the immediate neonatal period as expected. Only two Presenting symptoms are shown in Table III. A re- 
pregnancies were maintained >2 days from admission view of the composite data in this table underscores the 
to delivery, which included one case with a sonograph- wide range of presenting symptoms in abruptio pla- 
ically visible extensive retromembraneous dissection centae and the variation of those symptoms according 
seen at 17 weeks’ gestation with eventual hysterotomy to gestational age groups. Of note is the 10% incidence 
at 20 weeks plus 2 days for hemorrhage and another of back pain, which thus appears to be a quite specific 
case with spontaneous rupture of membranes at 20 signal for abruptio placen:ae. The total of the “chronic 
weeks, subsequent chronic spotting, and then hemor- spotting,” “back pain” and the totaled “bleeding” rows 
rhage at 24 weeks plus 3 days, also requiring hyster- equals 85 patients, which implies that the remaining 45 
otomy. Among these patients only the one with severe of 130 or abcut one third of patients presented without 
preeclampsia had thrombocytopenia (140,000/mm’), symptoms that would ordmarily imply that an abruptio 
and none had elevated prothrombin time or partial placentae was occurring or about to occur. This pro- 
thromboplastin time values. None of these patients portion was verified by tabulation of the “initial diag- 
were given tocolytics. nosis” entries derived from the initial history and phys- 

Seventy-two patients who were delivered between 25 ical, wherein 48 of the 72 preterm patients (66.7%) were 
weeks plus 6 days and 36 weeks plus 6 days made up diagnosed to have abruptio placentae or marginal sinus 
the preterm group of patients. Demographic data are bleeding at edmission. Only four patients in this pre- 
presented in Table II. In comparison to the term preg- term group (and therefore six in the entire series) had 


nancies, there was no difference in age but a statistically blood pressure values 2130/90 mm Hg. The completed 
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Fig. 1. This transverse linear-array ultrasound photograph 
shows an anterior placenta (PL), normal amniotic fluid (AF), 
and an extensive retromembranous blood clot (C), originating 
from the placental margin (M). 


Table IV also shows the delivery methods for the three 


gestational age groups. In the preterm group 57% of 


the gravid women were delivered by cesarean section 
and, of these, 80.5% on an emergency basis for either 
hemorrhage or fetal distress. Twenty-three patients re- 


ceived transfusions of 1 to 4 U of blood with a total of 


48 U transfused. Seventeen of these patients receiving 
transfusions were delivered by cesarean section com- 
pared to six with vaginal deliveries. Platelet counts were 
<150,000/mm‘’ in six patients, three of whom were hy- 
pertensive. The mean hemoglobin drop (admitting 
value to nadir value) was 3.78 + 1.36 gm/100 ml for 
these six compared with 1.88 + 1.27 gm/100 ml for 55 
others with available data. 

A comparison of the immediate neonatal condition 
of the infants delivered vaginally compared to those 
by cesarean section in the preterm group is given in 
Table V. 

Appropriately timed ultrasound examinations were 
performed in 48 of the 72 preterm patients. Of the 24 
patients not scanned, 13 were delivered the day of ad- 
mission and 22 within 5 days of admission. The delivery 
method for 17 of the 22 was cesarean section with as- 
sorted indications—two with active labor (a 1420 gm 
fetus in transverse lie and 830 and 850 gm twins); eight 
for hemorrhages; six for fetal distress; one breech with 
preeclampsia. There were six vaginal deliveries—five 
with active labor/cervical dilation and one with pre- 
eclampsia. The two patients who were delivered with- 
out scans and with hospital stays >5 days both had the 
abruptio placentae occurring as a late event. One pa- 
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Fig. 2. This longitudinal linear-array ultrasound photograph 
shows the bladder (B), a low-lying placenta (PL), and the fluid 
and solid echoes of an abruption clot (C), outlined by arrows. 
The placental edge is elevated by some dissection of the blood 
underneath. 


tient had had spontaneous rupture of membranes 44 
days earlier, with bleeding commencing the day before 
cesarean delivery for hemorrhage, and the other pa- 
tient was hospitalized for hypertension and fetal growth 
retardation when hemorrhage and fetal distress began 
on the twelfth hospital day. 

In the 48 scanned patients, 33 examinations showed 
no evidence of abruptio placentae. Six retroplacental 
clots and six retromembranous clots were visualized, 
confirming the abruptio placentae diagnosis. Examples 
of the ultrasound findings are shown in Figs. | and 2. 
One rounded placental contour was noted, which is also 
a diagnostic feature (but not conclusive) of abruptio 
placentae.'' At delivery old clots were reported in 11 
of the 33 negative examinations while the remaining 
22 patients had delivery record reports of “excessive 
bleeding,” “new clots,” “marginal (attached) clots,” or 
the nondescriptive statement of “abruption.” Old clots 
were evident in all 12 patients with sonographically 
visualized retroplacental or retromembranous clot for- 
mation. With use on a hypothetical basis, that the pres- 
ence of old clots at delivery implies that the diagnosis 
could theoretically have been made by ultrasound, the 
sensitivity is derived as 12 of 23 (52.2%). Overall, how- 
ever, ultrasound examination confirmed the diagnosis 
in only the 12 of these 48 scanned patients (25%). In 
a comparison of cases with visualized clots to those with 
negative findings of abruptio placentae, there were 
no differences in mode of delivery (Yates’ corrected 
x? = 1.21, p = 0.27, in a two-by-two table of visible/ 
negative compared to cesarean section or vaginal de- 
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Table VII. Preterm patients categorized by presenting symptoms, tocolytic use, delay to delivery, delivery 


indications, and delivery route 





Delay to 
delivery 
Group (days) 
Group A* 
0-3 28 
4-10 1] 
11-21] 4 
>22 7 
Total 50 
Group Bt 
0-3 8 
4-10 3 
11-21 7 
22 4 
Total 22 





Active labor! 
cervical dilation 


Delivery indications 


Fetal 
Hemorrhage distress Other 


9 5 2t 
6 l 0 
0) l 0 
5 l 0 
20 8 2 
3 2 2 
l l 0 
0 3 1§ 
0 0 
5 6 3 


*Cramping, contractions, SROM, active labor with/without bleeding, spotting, preeclampsia, or back pain. 


One intrauterine fetal death and one case of preeclampsia delivered vaginally. 


Bleeding, back pain, and preeclampsia without cramps, contractions, SROM, or active labor. 


$One primary cesarean section with visualized abruptio placentae and demonstrated lung maturity. 


Table VIII. Preterm patients grouped according to use of tocolysis,* delay to delivery, delivery 


indications, route of delivery, and use of steroids 

















No tocolysis 


0-3 23 6 8 
4-10 3 0 l 
11-2] 5 3 0) 
>22 2 2 0) 
Total S9 l1 9 
Tocolysis 
0-3 13 7 4 
4-10 1] 5 6 
11-21 6 2 0 
>22 9 2 6 
Total 39 16 16 


Delay to 
delivery Active labor! Fetal 
(days) cervical dilation distress 


















Primary 
cesarean 
section 


R epeat 
cesarean 
section 


Timely use 


of steroids} 






4t 13 2 8 0 
( 3 0 0 l 
1§ 3 l 
0 0 0 2 0 
4 17 3 13 2 
0 6 2 5 6 
0 l 6 4 
1* 3 l 2 3 

l 5 2 
| 16 5 18 15 


*Tocolysis used: 10, magnesium sulfate, intravenous infusion; 13, ritodrine by intravenous infusion or orally; 16, sequential 
magnesium sulfate, intravenous infusion and ritodrine intravenous infusion or orally. 


‘Timely use of steroids implies delivery occurred 2 to 7 days after start of dexamethasone therapy, 5 mg every 12 hours, by 


intramuscular injections for four doses. 


Two preeclampsia, one amnionitis, one intrauterine fetal death. 


§$Demonstrated lung maturity with visualized clot on sonogram. 


livery) and no differences in the indications for cesar- 
ean delivery (both Yates’ correction and Fischer’s exact 
test yield p = 1.00 in a two-by-two table of visible/neg- 
ative versus hemorrhage or fetal distress/other delivery 
indication). 

The interval between admission and delivery in the 
12 patients with positive sonographic examinations for 
abruptio placentae varied from 0 to 85 days with a 


mean + SD of 13.4 + 23.6 days. With no evidence of 
abruptio placentae the interval between admission and 
delivery ranged from 0 to 45 days with a mean + SD 
of 13.1 + 13.4 days. If the unusual case with 85 days 
from initial abruptio placentae to delivery interval is 
dropped, the mean + SD with a visualized clot was 
6.9 + 7.5 days (range, 0 to 18 days). Further compar- 
ison of the sonographically visible cases compared to 





Volume 156 
Number 1 





Delivery route 
Primary Repeat 
cesarean section cesarean section 





12 4 12 
5 I 5 
0 ] 3 
2 I 4 

19 7 24 
7 Q | 
2 0 l 
4 l 2 
l 0 3 
l4 l 7 


those with no evidence of abruptio placentae is shown 
in Table VI. 

In the patients with positive findings of abruptio pla- 
centae there were two stillbirths (one before admission 
and the other within 30 minutes of admission) and 
three neonatal deaths (480 gm on day 0, 1701 gm at 
24 days of age, and 1925 gm on day 12 of life). In the 
group with no finding of abruptio placentae there were 
five neonatal deaths: twins of 960 and 850 gm both on 
day 13 of life, a 1050 gm twin on day 23, 1200 gm on 
day 11, and a 1315 gm infant on day 0. The 1050 gm 
twin and the 1315 gm infant both had pulmonary hy- 
poplasia from long-standing oligohydramnios. 

In an examination of the use and nonuse of tocolysis 
in the preterm group, the 72 cases were first divided 
into subsets according to indications for tocolysis and 
then reviewed as to success, failure, delivery indica- 
tions, and finally neonatal outcome. This classification 
of patients by presenting symptoms is shown in Ta- 
ble VII. 

With symptoms of uterine activity at admission, 28 
of 50 (56%) were delivered within 3 days compared to 
eight of 22 (36.4%) if these symptoms were not present. 
The deliveries at 4 to 10 days (22% versus 13.6%), 11 
to 21 days (8% versus 31.8%), and >22 days (14% ver- 
sus 18.2%) demonstrate the trend of earlier delivery 
with uterine activity present. With symptoms implying 
uterine activity (cramping, contractions, spontaneous 
rupture of membranes, or active labor) 30 of the 50 
patients received tocolytic therapy. Those not receiving 
tocolytic therapy from admission date to delivery re- 
mained undelivered from 0 to 44 days, but 15 of the 
20 were delivered within 2 days for the indications ev- 
ident in Table VII, namely, advanced cervical dilation 
or active labor, fetal distress (which might include hem- 
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orrhage), hemorrhage (without fetal distress), or pre- 
eclampsia. The five delayed deliveries were at 4, 9, 17, 
18, and 44 days, respectively, and included one patient 
with long-term spontaneous rupture of membranes 
who had abruptio placentae as a late event in the course 
of her hospitalization and two others with cramping, 
spotting, or contractions, who were delivered 4 and 18 
days later. Two other patients admitted 17 and 44 days 
before delivery with spotting and cramping were di- 
agnosed as having limited abruptio placentae—one 
having a “negative” report for findings of abruptio pla- 
centae at delivery and the other with old clots evident 
at delivery. Insofar as the route of delivery in the uter- 
ine activity group is concerned, there was no discernible 
change as a function of delay to delivery, with a com- 
parable number of cesarean versus vaginal deliveries 
at each delay interval. Worthy of note is the finding 
that the delivery after prolonged delay, that is, >10 
days, often was prompted by evolution to an “acute” 
abruptio placentae problem with hemorrhage or fetal 
distress in seven of 11 (63.6%). In this preterm group 
with uterine activity symptoms, overall there were 26 
cesarean deliveries versus 24 vaginal births. 

In the 22 patients with bleeding, back pain, or hy- 
pertension as presenting symptoms exclusive of spon- 
taneous rupture of membranes, cramps, contractions, 
or active labor, 13 (59%) did not receive tocolytic ther- 
apy. These 13 patients were delivered within 0 to 34 
days from initial hospital admission, eight of them 
being delivered within 2 days. The remaining five in- 
clude a patient with a large uterine septum spending 
9 days in the hospital before cesarean section delivery 
for hemorrhage; a patient with twins, bleeding, sub- 
sequent advanced cervical dilation, and cesarean sec- 
tion delivery on day 12; the patient with abruptio pla- 
centaé on day 12 of hospitalization with preeclampsia 
and an intrauterine growth—retarded fetus; a patient 
admitted for bleeding 15 days before spontaneous de- 
livery with a marginal abruptio placentae evident at the 
36-week delivery; and finally one patient admitted with 
bleeding 34 days before delivery who had “negative” 
delivery findings after spontaneous delivery at week 36 
plus 6 days. Nine patients admitted with bleeding, back 
pain, or hypertension symptoms subsequently received 
tocolytic therapy with admittance-to-delivery intervals 
of 4 to 85 days—4, 6, 12, 15, 18, 21, 22, 29, and 85, 
respectively. 

In contrast to the uterine activity preterm subset, 
there were twice as many total cesarean section deliv- 
eries compared to the vaginal (15 versus seven com- 
pared to the 26 versus 24) but in this nonuterine activity 
subset there also was not a discernible trend over time 
with delay to delivery and delivery route. The eight 
patients who were delivered within 3 days account for 
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Fig. 3. Length of stay in the intensive care nursery (ICN) by days is plotted against gestational age 
at delivery for infants whose mothers received tocolysis (solid line) and those who received no tocolysis 
(dashed line). The plot show no statistical difference affirming that gestational age is the principal 
determinant of intensive care unit stay. Fetal or neonatal deaths are shown at the bottom, according 


to gestational age at birth. 


seven of the 14 primary cesarean sections done. Thus 
once beyond the 3-day delay, there was a rather equal 
likelihood of vaginal compared to the cesarean delivery 
at each delay interval and similarly a good chance (six 
of 14, or 42.9%) that the delayed delivery would be 
prompted by an emergency situation such as hemor- 
rhage or fetal distress. Four patients in the preterm 
group presenting without symptoms of uterine activity 
had admission-to-delivery delay >3 weeks (22, 29, 34, 
and 85 days). Old clots were evident at delivery in the 
first three of these patients whereas the delivery ex- 
amination was “negative” in the patient admitted 85 
days before delivery with bleeding diagnosed as a “lim- 
_ited or marginal abruption” not visible on sonogram. 
In the totaled 72 preterm patients there were 41 ce- 
sarean sections (57%) compared to the 31 vaginal (43%) 
deliveries and 39 (54%) emergency indications of fetal 
distress and/or hemorrhage. 

In Table VIII the 72 preterm patients are segregated 
according to use or nonuse of tocolysis. Of the 33 pa- 
tients not receiving tocolysis 10 (30.3%) had delay to 
delivery of >3 days compared to 26 of 39 (66.7%) pa- 
- tients with use of tocolytics. If the 0- to 3-day delay 
deliveries (that is, the urgent or emergency cases with 
advanced preterm labor, significant hemorrhage, or fe- 
tal distress) are not considered, the 26 remaining pa- 
tients receiving tocolysis gained an average of 19.9 + 
18.3 additional days (mean + 1 SD with SE of the 
mean = 3.6 days) compared to 17.5 + 12.3 additional 
days (mean + 1 SD with SE of mean = 3.9 days) for 
the 10 remaining patients not receiving tocolysis. On a 
statistical basis the gain in days is not significant (Krus- 
kal-Wallis one-way analysis of variance, p = 0.96), but 
there are obvious selection biases in the tocolysis versus 


nontocolysis divisions—those patients receiving toco- 
lysis were more often those with preterm labor or uter- 
ine activity or prodromal symptoms (cramping, spon- 
taneous rupture of membranes, contractions), and 
those who were delivered within hours or a few days 
of admission because of hemorrhage were excluded. 

When the cases with use of tocolysis are compared 
to those without its use, there is no discernible change 
regarding route of delivery (60.6% versus 53.8% by 
cesarean section). Similarly there is no discernible re- 
lationship by tocolysis/no tocolysis divisions nor as a 
function of delay to delivery, regarding acute indica- 
tions for delivery, with 17 of 33 (51.5%) and 22 of 
39 (56.4%) having fetal distress and/or hemorrhage 
prompting delivery in the two subsets, respectively. 
Some bias may be eliminated by considering only those 
patients delivering after 3 days in the tocolysis/no to- 
colysis divisions. Again there is no effect on mode of 
delivery (Fischer's exact test, p = 1.00, for two-by-two 
table of tocolysis/no tocolysis beyond 3 days from ad- 
mission vs. cesarean section/vaginal delivery) nor on the 
delivery indications (Fischer’s exact test, p = 0.28, for 
two-by-two table of tocolysis/no tocolysis beyond 3 days 
from admission vs. hemorrhage or fetal distress/other 
delivery indication). Despite an increased timely use of 
steroids in the tocolyzed patients, there was no evident 
reduction in days in the intensive care nursery for the 
neonates. This is shown in Fig. 3 with an overlay of 
fetuses with tocolysis compared to the fetuses with no 
tocolysis and length of intensive care nursery stay in 
days, as a function of estimated gestational age at de- 
livery. 

For the total 72 preterm pregnancies the probability 
of not being delivered as a function of days from ad- 
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Fig. 4. The plots show the probability curves of not being delivered as a function of days from initial 
admission for the preterm group. The dashed line shows all 72 patients in this group. The dotted and 
solid lines show only patients being delivered after 3 days from admission with a comparison of 
tocolysis (n = 26) and nontocolysis (n = 10) suubsets. 


mission is shown in Fig. 4. Twenty-six percent were 
delivered the day of admission and 50% within 3 days 
of admission. If those patients who were delivered 
within ã days are excluded a more legitimate compar- 
ison of the effect of the use of tocolysis compared to 
the nonuse of ‘tocolysis can be made. Also shown in 
Fig. 4 is a comparison of the probability of not being 
delivered as a function of days beyond 3 days for the 
10 and 26 patients remaining undelivered at the third 
day in the nontocolysis and tocolysis divisions respec- 
tively. Finally, Fig. 5 shows the probability of delivery 
by 3, 1C, and 21 days as a function of gestational age 
at presentation for the entire 130 patients in the series. 


Comment 


This study examined retrospectively the broad spec- 
trum of bleeding episodes in pregnancy clinically di- 
agnosed as abruptio placentae from 20 to 42 weeks at 
a level III perinatal center hospital serving principally 
a middle- to upper-class population. The major em- 
phasis of the report is to contrast the wide individual 
variations in acuity of abruptio placentae and its course 
in a dav-to-day practice with the more frequent liter- 
ature and textbook focus on the severe cases of abruptio 
placentae, which note maternal risk factors, rapid pro- 
gression to fetal death or distress, and maternal coag- 
ulopathy or hypovolemic shock complications. Simi- 
larly these sources highlight the urgency mandated to 
reduce perinatal and maternal morbidity and mortality. 
In the classic study of Pritchard et al.’ of severe abrup- 
tion causing fetal death in utero, 45% of the gravid 
womer. were hypertensive. Abdella et al. similarly re- 
ported a 26.8% incidence of hypertensive disorders. 
Within the current study however, only six of the 130 
patients (4.5%) presented with hypertension as a no- 
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Fig. 5. This plot shows the probability of delivery within 3, 
10, and 21 days of admission for the entire study population 
(n = 130) as a function of gestational age (in 2-week blocks) 
at initial hospital admission. 


table factor, and hypertension was particularly rare 
with abruptio placentae occurring at term. Known cig- 
arette smoking was more frequent in preterm versus 
term abruptio placentae although this finding Is some- 
what suspect given the large proportion of “unknown” 
smoking habits. A difference in parity was similarly 
evident in term versus preterm abruptio placentae, 
showing that greater parity and particularly only abor- 
tions or prior preterm perinatal losses were more fre- 
quent in the preterm. 

Knab, in reviewing the results of several other au- 
thors,'* '' emphasized that cesarean delivery was with- 
out question associated with a decreased perinatal mor- 
tality compared to vaginal delivery. In a tabulation of 
seven reported series, the total perinatal mortality for 
vaginal delivery was 31.5% compared to 16.7% for ce- 
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sarean delivery. His recommendation for urgent cesar- 
ean delivery was qualified to pertain to moderate and 
severe cases of abruptio placentae at =31 weeks (1500 
gm) but included the statement that with mild abruptio 
placentae also “long delays do not seem to be in the 
best interest of the fetus.” In the present study the 
overall perinatal mortality was much lower, and logi- 
cally so, since the broad range of mild to severe abruptio 
placentae was reviewed. The perinatal losses included 
the two term infants discussed above, the eight previ- 
able infants, and 13 preterm infants for a total of 23 
(17%). With corrections (11 infants of <800 gm, a still- 
born infant with nonimmune hydrops fetalis and om- 
phalocele, and three infants with pulmonary hypopla- 
sia), the perinatal mortality was eight of 130 (6.2%) with 
four delivered by cesarean section and three vaginally. 

The low perinatal mortality rate in part is derived 
from inclusion of mild or grade 0 cases of abruptio 
placentae but also affirms the appropriateness of 
prompt delivery, especially as was carried out in the 
patients presenting at term. The results in the term 
group imply that fetal heart rate monitoring (which at 
our institution commences immediately on admission 
and is nearly continuous thereafter) is sufficient to iden- 
tify those fetuses with fetal distress, so that cesarean 
sections can be performed in advance of a fetal loss. In 
the infants delivered at a previable gestational age, the 
issue of delay compared to the aggressive effort to 
maintain the pregnancy is moot, since the assignment 
to this group is self-fulfilling regarding perinatal death. 
In the preterm delivery group, however, there were 10 
patients who were initially admitted in weeks 25 to 26 
of pregnancy, who then maintained the chronic abrup- 
tio placentae process passing into the preterm group. 
For the preterm delivery group, clinical managment at 
admission again included immediate fetal heart rate 
monitoring with assessment of maternal status. On the 
basis of clinical course, 36 were delivered within 3 days 
of admission, but the remaining 36 were maintained 
with a broad range of days and weeks beyond. A few 
of this group were discharged after fulfilling the pre- 
requisites of not bleeding for 7 days, not having any 
fetal heart rate monitoring abnormalities, and not hav- 


ing ongoing uterine cramping or contractions. Under 


these guidelines, most patients did not qualify for dis- 
charge and remained hospitalized under management 
protocols that included daily heart rate monitoring and 
liberal use of tocolysis to stop uterine activity. Although, 
as shown in Table VIII, there was frequent progres- 
sion to rapid hemorrhage and or fetal distress necessi- 
tating delivery (with an overall 56.9.% cesarean section 
rate), there were no antepartum fetal deaths in this 
group and only rare low Apgar scores with either vag- 
inal or cesarean delivery (Table V}. This further implies 
that inpatient surveillance for onset of hemorrhage, 
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frequent fetal heart rate monitoring, and immediate 
access to cesarean delivery, often allowed significant 
advancement in gestational age without perinatal losses 
from sudden catastrophic extension of the abruptio 
placentae. Patience and effort to prolong the preg- 
nancy, combined with this close surveillance, appear to 
have been very beneficial, albeit on an individual and 
retrospective assessment—not based on a comparison 
of immediate delivery to conservative management 
prospectively. 

As a retrospective review in contrast to a prospective 
randomized treatment protocol, the usefulness of to- 
colysis with abruptio placentae is not established be- 
cause the patients receiving tocolysis compared to those 
not receiving tocolysis differed by presenting symp- 
toms, clinical course, the urgency of delivery indica- 
tions, and by differences in the various physicians’ prac- 
tice habits. However, if the selection biases regarding 
use of tocolysis compared to no tocolysis in the preterm 
group are viewed in some perspective, there appears 
to be some success in prolonging pregnancy by use of 
tocolysis. The curves in Fig. 4, showing the probability 
of not delivering with/without tocolysis if the pregnancy 
is maintained beyond 3 days from initial admission, at 
least suggest that the pregnancies with abruptio pla- 
centae receiving tocolvsis for the usual indications of 
cramping or contractions can be maintained a number 
of days commensurate to those of pregnancies in which 
uterine activity was presumptively not occurring. On 
the positive side, the results in Table VIII do not sup- 
port a notion that tocolysis increases the hazard of fetal 
distress or hemorrhage or zhat it increases the likeli- 
hood of cesarean delivery. 

Preferentially, magnesium sulfate was used initially 
for tocolysis so as not to distort maternal and fetal heart 
rates as an assay of maternal blood loss or fetal con- 
dition. Eventual use of oral ritodrine was a minor goal 
of treatment, and many patients were maintained 
chronically on intravenous infusion therapy of either 
magnesium sulfate or ritodrine, since hospital dis- 
charge was infrequent. The study did not encompass 
a comparison of magnesium sulfate with ritodrine for 
tocolysis, and when either drug was effective, it was 
often maintained without changes. 

The use of ultrasound to confirm the diagnosis of 
abruptio placentae shows lirnited success in the study, 
and its principal function was to refute the presence of 
a placenta previa. As would be expected, it played an 
insignificant, if nonexistent, role in the term group, in 
which maternal and fetal condition were of principal 
importance in clinical management. Obviously, in grade 
2 abruptio placentae with fetal distress present, ultra- 
sound visualization of the retained clot might be pos- 
sible and clinically satisfying but is of no consequence 
in the decision to deliver the patient on an emergency 
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basis. In the preterm group, visualization of the clot 
had no impact on the likelihood of cesarear. compared 
to vaginal delivery or on the likelihood of having hem- 
orrhage or fetal distress rather than another indication 
for cesarean delivery. In any event, even with visual- 
ization of a clot, there was a fair chance that the preg- 
nancy could continue for some time, with an absolutely 
certain diagnosis of abruptio placentae. The ultrasound 
visualization of abruptio placentae does, however, con- 
found its grading by the Page system (Table I), in that 
concealed hemorrhage may be present in grades 
0 or I. 

In summary, this study has shown that there is a wide 
range of acuity with abruptio placentae, such that in 
many instances pregnancy can be successfully main- 
tained without evident hazard to mother or fetus. The 
use of tocolysis with abruptio placentae was found to 
have no documented deleterious effects and generally 
was felt to be helpful in prolonging pregnancies with 
a chronic process of abruptio placentae occurring. Cig- 
arette smoking and previous poor obstetric history were 
found to be associated with preterm abruptio placentae. 
Hypertension and thrombocytopenia and clotting dys- 
function were rare but seemingly related. Ultrasound 
visualization of a clot was successful in 25% of cases, 
with a hypothetical sensitivity of 52%. Finally, inpatient 
management with frequent fetal heart rate monitoring 
is credited for allowing advancement in gestational age 
and reduced perinatal mortality. 
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Randomized management of the second nonvertex twin: 
Vaginal delivery or cesarean section 


Jaron Rabinovici, M.D., Gad Barkai, M.D., Brian Reichman, M.B., Ch.B., 


David M. Serr, M.B., Ch.B., and Shlomo Mashiach, M.D. 


Tel-Hashomer and Tel Aviv, Israel 


Sixty twin deliveries after the thirty-fifth gestational week with vertex-breech and veriex-transverse 
presentations were managed according to a randomization protocol. Thirty-three parturient women (21 
vertex-breech and 12 vertex-transverse presentations) were allocated for vaginal delivery and 27 for 
cesarean section (18 vertex-breech and nine vertex-transverse). Six pairs of twins in the vaginal delivery 
group were delivered in a different mode than requested by the protocol (two women underwent cesarean 
section; in four cases the second twin spontaneously changed to vertex presentation). There were no 
significant differences between 1- and 5-minute Apgar scores and incidence of neonatal morbidity setween 
the second-born twins in both study groups. Firstborn twins had higher 1-minute Apgar scores than the 
second-born infants irrespective of route of delivery (p < 0.05). No case of birth trauma or neonatal death 
was recorded. Maternal febrile morbidity was significantly higher in the cesarean section group than in 

the vaginal delivery group (40.7% versus 11.1%, p < 0,05). These results suggest that in twins wit 
vertex-breech or vertex-transverse presentations after the thirty-fifth week of gestational age the neonatal 
outcome of the second twin was not significantly influenced by the route of delivery. (Am J OBSTET GYNECOL 


1987:156:52-6,) 


Key words: Twin gestation, delivery, cesarean section 


The optimal route of delivery for a twin pregnancy 


with vertex-breech or vertex-transverse presentations 
has remained a subject of controversy. Cesarean section 
has been advocated by some clinicians as the appro- 
priate mode of intrapartum management, since vaginal 
delivery of the second nonvertex twin was associated 
with adverse perinatal outcome.'’ During the last years 
several studies have suggested that the second nonver- 
tex twin weighing > 1500 gm can be delivered vaginally 
with as much safety as by cesarean section.*'!" These 
contradictory results have been partly attributed to the 
retrospective design of all previous studies.*") 

This report presents our experience with the ran- 


domized intrapartum management of vertex-breech or 


vertex-transverse twin gestations. The protocol was in- 
stituted in order to evaluate the influence of the route 
of delivery on neonatal and maternal outcome. 


Material and methods 


Selection and preparation of patients. The study pe- 
riod ranged from March 1, 1983, to September 30, 
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1985. The staff of the Department of Obstetrics and 
Gynecology at the Chaim Sheba Medical Center was 
instructed to consider every patient with a twin preg- 
nancy presenting to the labor ward for participation in 
this study. Fetal confinements were assessed by a plain 


abdominal x-ray film and by an ultrasound examination 


that included estimation of fetal weight, amniotic fluid 
volume, localization of the placenta and umbilical cord, 
and exclusion of gross fetal anomalies. 

The following inclusion criteria were requested: twin 
pregnancy with spontaneous or induced labor and with 
both twins alive, the first fetus in vertex presentation 
and the second twin in breech presentation or in trans- 
verse lie, estimated gestational age between 35 and 42 
weeks, presumably normal fetal anatomy, no signs 
suggestive of acute placental insufficiency or abruptio 
placentae, normal amniotic fluid volume, normal fetal 
heart rate testing, no maternal or obstetric indications 
for a specific route of delivery (such as cephalopelvic 
disproportion, previous uterine surgery, or uterine 
anomalies that contraindicated vaginal delivery), and 
cervix <7 cm dilated. Cervical dilatation was included 
as a criterion in order to allow sufficient time to prepare 
for a cesarean section. 

The route of delivery was determined after the ful- 
fillment of the above criteria according to a protocol 
that was changed randomly by a noninvolved person 
without prior notice on a ume basis. If the parturient 
patient was found suitable to participate, the senior 
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assisted breech 14 


extraction 


internal version 


and total breech 8 
extraction. 

vertex/ 4 
vertex 


Fig. 1. Presentations and mode of delivery of the 31 pairs of nonvertex twins delivered vaginally 
according to randomized allocation. (Note that two women allocated to the vaginal group but de- 


livered by cesarean section were not included.) 


obstetrician inquired about the proposed mode of de- 
livery and labor was managed accordingly. The pro- 
tocol of this study was approved by the local ethical 
comittee of the Chaim Sheba Medical Center. 


In order to achieve uniformity in the management 


of labor the following guidelines were established: In 
the cesarean section group the delivery was undertaken 
through a lower-segment transverse uterine incision. 
The preferred mode of anesthesia was epidural anal- 
gesia, but this depended ultimately on the anesthesiol- 
ogist’s decision. In the group delivered vaginally the 
progress of labor was evaluated by Friedman curve. 
Fetal monitoring consisted of continuous electronic rec- 
ording by external ultrasonic monitoring and by inter- 
nal cardiotocography after rupture of the membranes. 
The heart rates of both twins were recorded concom- 
itantly. After the delivery of the first twin and before 
rupture of the second amniotic sac the lie of the second 
fetus was assessed clinically and confirmed by real-time 
ultrasonography. 

With the fetus in breech presentation an assisted 
breech delivery was performed. Signs of acute fetal 
distress at this stage of labor or inadequate progress 
despite controlled oxytocin drip (5 IL/500 ml of 
isotonic saline solution, maximal rate of 3 ml/min) 
prompted the performance of a total breech extraction. 
Artificial rupture of the second amniotic sac was un- 
dertaken as late as possible. 

If the second twin was in an oblique or transverse lie 
after delivery of the first twin, internal version and total 
breech extraction were performed with the patient un- 
der general anesthesia or with epidural analgesia al- 
ready established. In all cases of vaginal delivery a lat- 
eral episiotomy was performed. Vaginal delivery or ce- 
sarean section was performed by a resident physician 
with chief resident and/or senior obstetric staff super- 
vision. Anesthesia and pediatric house staff provided 
support. Maternal outcome was judged by duration of 
hospitalization, febrile morbidity, need for blood trans- 
fusions, and operative morbidity. 


Table I. Presentations of twins at admission 








Allocated route of delivery 


Cesarean 
section 


{n = 27) 






Presentation 
Vertex-breech 21 60.6 18 66.7 
Vertex-transverse 12 39.4 9 33.3 
Indication for admission 
Spontaneous labor or 29 87.9 22 -8L5 
ruptured membranes 
Induced labor (postdates) 4 12.1 5 18.5 


*Note that six pairs of twins delivered in a mode different 
from that determined by the study protocol are included in 
the vaginal delivery group. 


The infants were examined immediately by a pedia- 
trician not involved in the study who determined the 
Apgar scores and fetal weights. Further pediatric man- 
agement was uninfluenced by the study and was un- 
dertaken according to neonatal performance. A cranial 
ultrasonic examination was performed routinely in in- 
fants with birth weights <1500 gm and whenever the 
test was clinically indicated. Parameters of neonatal out- 
come included Apgar scores, birth trauma, and neo- 
natal morbidity and mortality. 

Statistical analysis. Statistical evaluation of the data 
was accomplished by the paired and unpaired ¢ test, 
the x° test (with Yates’ correction), and the Fisher exact 
test where applicable. Differences were considered to 
be statistically significant at p < 0.05. 


Results 


The study population comprised 60 consecutive pairs 
of twins in the vertex-breech or vertex-transverse pre- 
sentation before delivery. Twenty-seven women were 
allocated to the cesarean section group and 33 to the 
vaginal delivery group. The presentations of the twins 
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Table II. Neonatal data of twins delivered according to primary allocation 





Cesarean Vaginal Cesarean 
section delivera section 
(n = 27) (n = 27} (n = 27) 

Birth weight (gm) 

Mean + SD 2477 + 370 2533 + 423 2459 + 410 2484 + 632 

Range 1800-3065 1525-3360 1400-3330 1300-3550 
Apgar score at ] min p < 0.00006* 

peee eee, 

1-4 0 2 5 4 

5-7 l 2 9 7 

8-10 26 23 13 16 
Apgar score at 5 min So ee 

p = 0.03* 

1-4 "0 0 

5-7 0 l l I 

8-10 27 26 26 26 
Hospitalization (days) p < 0.00017 

ON ŘE 

Mean + SD 7.6 + 8.6 10.1 + 6.3 8.0 + &.1 13.1 212.1 

Range 3-35 5-36 3-39 5-60 
Infants discharged on sched- 16 (59.3%) 11 (40.7%) 13 (48.1%) 10 (37%) 

ulet (No.)} 
Hypoglycemia ] 2 2 3 
Transient tachypnea ] 2 0 2 
Secondary apnea 0 0 2 0 
Hyperbilirubinemia 3 4 5 5 


*Fisher’s exact test for >7 and 37. 
ti = 5.9, degrees of freedom = 52. 


Discharged at 3 or 4 days for vaginal delivery group and at 6 or 7 days for cesarean section group. 


at admission and the indications for admission are 
shown in Table I. All inductions of labor were per- 
formed because of postdatism (after completed 41 
weeks of gestation). Two women randomized for vag- 
inal delivery subsequently underwent cesarean section 
(one because of inadequate progress of labor and an- 
other because of heart rate monitoring of the second 
twin suggesting fetal distress). In four cases in the vag- 
inal delivery group, the second twin changed from 
transverse to vertex presentation spontaneously after 
delivery of the first twin (Fig. 1). Five second twins in 
breech presentation were delivered by total breech ex- 
traction because of inadequate descent (one), fetal dis- 
tress suspected by fetal heart rate monitoring (two), or 
prolapse of the cord of the second twin after rupture 
of the membranes (two). In eight parturient women 
uterine and cervical examinations after internal version 
and total breech extraction did not reveal any uterine 
or cervical tears. Delivery of the second twin was per- 
formed with the patient under general anesthesia in 
five of these patients and under epidural analgesia in 
the remaining three. All women allocated to the ab- 
dominal delivery group underwent a transverse lower- 
segment cesarean section. General anesthesia was used 
in 12 parturient women and epidural analgesia in 15. 

The Apgar scores of the firstborn and second-born 
twins as well as neonatal data of all deliveries performed 


according to the allocation protocol are shown in Ta- 
ble II. Birth weights did not differ significantly between 
the groups and between the firstborn and second-born 
twins. The l-minute Apgar scores but not the 5-minute 
scores of the second-born twins in both groups were 
significantly lawer when compared with those of the 
firstborn infants. No difference was found between the 
l- and 5-minute Apgar sccres of the second twins of 
both groups. The duration of hospitalization was lon- 
ger in the cesarean section group, but these data were 
influenced by the prolonged hospitalization of the 
mothers after abdominal delivery. Mothers and infants 
are usually discharged 3 to 4 days after vaginal delivery 
and 6 to 7 days after cesar2zan section. Thus the incl- 
dence of late discharge did not differ significantly be- 


‘tween the twins in the different study groups. The in- 


cidence of neonatal morbidity was similar in all groups. 
The data of the six pairs of :nfants delivered in a mode 
different from that determined by the study protocol 
are shown in Table III. 

No case of birth trauma to any neonate was recorded. 
In three infants with birth weights <1500 gm a routine 
ultrasound examination of the skull did not reveal any 
abnormal findings. No case of intraventricular hem- 
orrhage was diagnosed and all of the infants were well 
on discharge. 

A significantly higher incidence of maternal febrile 
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Table IIL Neonatal data of six pairs of twins delivered in a mode different from that determined by 


study pratocol 


Vaginal delivery 


First twin Second twin First twin 
fmn = 4) {n = 4) {n = 2) 


Weigat (gm) 
Mean + SD 2352 + 188 
Range 2100-2540 

Apgar score at ] min 
1-4 
5-7 
8-10 

Apgar score at 5 min 
1-4 
5-7 
8-19 

Hospitalization (days) 
Mean + SD 
Range 

Total neonatal morbidity 


wm Co © A OS 


Co Oo 9 


morbidity was observed in the cesarean section group 
(Table IV}. Gestational age at delivery and nulliparity 
were not significantly different in either study group. 
Of the eight women who underwent internal version, 
total breech extraction, and subsequent uterine revi- 
sion, two had postpartum fever. 


Comment 


For the :ast decade obstetricians have performed an 
increasing number of cesarean sections to deliver sec- 
ond twins in nonvertex presentations.* '' The presented 
results suggest that in twins with vertex-breech or ver- 
tex-transverse presentations after the thirty-fhfth week 
of gestational age the neonatal outcome of the second 
twin was not significantly influenced by the route of 
delivery. A low incidence of perinatal morbidity was 
noted in both groups. This favorable outcome may be 
related to the antenatal diagnasis of all twins, to the 
careful intrapartum monitoring of both fetuses, and to 
the fact that only otherwise uncomplicated pregnancies 
were included in the study. Antenatal diagnosis of a 
twin pregnancy is critical for adequate intrapartum car- 
diotocographic monitoring of both fetuses and the 
early detection of fetal distress. The poorer outcome 
for second twins in other studies may have been related 
to lack of early diagnosis and adequate intrapartum 
surveillance.* ” ° Comparable results have been re- 
ported in a retrospective study with obstetric manage- 
ment similar to the protocol presented." It is notewor- 
thy that despite the measures taken the 1-minute Apgar 
scores of the second twins were significantly lower than 
the scores of the first twin, irrespective of the mode of 
delivery. We attribute the lack of major birth trauma 
to the fact that all internal versions were performed 
with amniotic membranes unruptured and with anes- 


Cesarean section 


Second twin 


(n = 2) 
2150 + 609 3200 + {41 2750 + 353 
1400-2740 3300-3100 3000-2500 
0 0 0 
2 l I 
2 l } 
0 0 0 
0 0 l 
4 2 l 
9+ 9.3 8 + 1.4 8 t 1.4 
3-15 7-9 7-9 
0 0 Q 


Table IV. Maternal data (delivery according to 
protocol) 








Cesarean 
section 
(n = 27) 


Vaginal 
delivery 
(n = 27) 






Weeks’ gestation at delivery 


Mean + SD Ot ELG -Ira 

Range 35-41 35-41 
Age (yr) 

Mean + SD 30.3443 29.8 + 5.2 


Range 21-40 21-37 


Nulliparity (No.) 6 (22.2%) 7 (26.9%) 
Postpartum hospitalization 
(days) 
Mean + SD* 4.9 + 2.9 8 + 2 
Range 3-13 6-14 
Patients discharged on 18 (66.7%) 13 (48.1%) 
schedule 

Maternal febrile mor- 3 (11.1%) L (40.7%) 
bidity 

Maternal anemia (need 2 3 


for blood transfusion) 


#p < 0.0001 (t = 4.49, degrees of freedom = 52). 


+Discharged at 3 or 4 days for vaginal delivery group and 
at 6 or 7 days for cesarean section group. 


tp = 0.01 (Fisher’s exact test). 


thetic-analgesic medication. The low incidence of in- 
duced labor might explain the relatively low incidence 
of cesarean section for the parturient patients allocated 
to the vaginal delivery group (two of 33). 

Only parturient women beyond 35 weeks’ gestation 
were considered for the study. The rationale for this 
criterion was based on the experience of others who 
failed to demonstrate an increased risk for the second 
nonvertex twin delivered vaginally with a birth weight 
of >1500 gm.®* “* All of the neonatal deaths and most 
of the intraventricular hemorrhages reported by others 
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occurred in infants of lower birth weights.*° The limit 
of 35 gestational weeks seems quite reliable as only 
three infants had a birth weight of <1500 gm. Reliance 
on prenatal ultrasonic estimation of fetal growth should 
assist the obstetrician to exclude very low birth weight 
infants from the potential risks of vaginal delivery. 

In this study the incidence of maternal morbidity 
after cesarean section compared with that after vaginal 
delivery was high and compares to the incidence in 
similarly conducted studies.’® This point is even further 
stressed if one considers the relatively low incidence of 
maternal morbidity in women undergoing internal ver- 
sion and uterine revision. Women with abdominal de- 
livery were discharged from the hospital later than pa- 
tients with vaginal delivery (6 to 7 days as compared to 
3 to 4 days), and 48.1% of the parturient women in the 
cesarean section group compared with 66.7% of the 
vaginal delivery group, left the hospital at the appro- 
priate time (nonsignificant difference) (Table IV). 

In four of 12 pairs of twins with vertex-transverse 
presentations, the second fetus spontaneously changed 
to vertex presentation during the course of vaginal de- 
livery. These findings and the good results reported by 
others undertaking external cephalic version after the 
birth of the first twin"? suggest that during vaginal de- 
livery of vertex-nonvertex twins some second-born fe- 
tuses may present in vertex position at the time of ex- 
pulsion. There is general agreement that vaginal de- 
livery is appropriate for vertex-vertex—presenting 
twins.” `> 

The favorable outcomes of the second-born twins 
delivered vaginally as well as the established maternal 
risks associated with cesarean section support the con- 
tention that in selected twin pregnancies with vertex- 
breech or vertex-transverse presentations at a gesta- 
tional age of 35 weeks or more, a vaginal delivery can 
be performed without increased risk to either mother 
or infant. We appreciate that because of the rarity of 
adverse outcome in this study the possibility of a 
type 2 statistical error that can be attributed to the 
sizes of the subpopulation should be taken into ac- 
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count. We shall continue this study to expand the 
groups and to strengthen the data. In recent articles 
the authors®* 1!" voiced their hope of settling the con- 
troversy on the appropriate management of the second 
nonvertex twin by randomized prospective studies. Our 
results suggest similar neonatal outcome irrespective of 
the route of delivery of these infants. It is hoped that 
the presented data will encourage others to conduct 
similar prospective studies or multicenter studies in or- ` 
der to substantiate our findings in larger study groups. 
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Bacteroides fragilis is the 
major anaerobic pathogen’ 


‘The most common anaerobic organism is B fragilis, isolated 


in 80 to 95 percent of patients with colorectal perforation.” 


Against B fragilis, CEFOTAN has 
equal in vitro activity to cefoxitin**”” 


Gorbach, Quintiliani, Neu, and others have studied a total of 
more than 900 isolates of B fragilis and determined that 
CEFOTAN and cefoxitin have equal in vitro activity**” 


Intra-abdominal infection 
is polymicrobial 


Tally and Gorbach report that B fragilis is the major anaerobic 
pathogen, while Escherichia coli is the primary aerobic isolate.” 


CEFOTAN has superior 
gram-negative activity compared 
with cefoxitin” 


Spectrum of activity [of CEFOTAN] is distinguished by 


having the same anti-anaerobe"! effect as cefoxitin coupled 
with enhanced activity against Esch. coli and other 
Enterobacteriaceae.”” 

—C.J.L. Strachan— 


"In vitro activity does not necessarily correlate with in vivo effectiveness 
'Most strains of B distasonis, B ovatus, and B thetaiotaomicron are resistant to CEFOTAN 
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The Facts 


CEFOTAN is cost-effective 
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single-dose prophylaxis with CEFOTAN saves 63% when 
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The facts now favor CEFOTAN 


CEFOTAN is an ideal agent in the treatment of intra- 
abdominal infections due to susceptible pathogens including 
Bacteroides species such as B fragilis, but not B distasonis, 
B ovatus, or B thetaiotaomicron. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal sepsis— 
CEFOTAN provides superior gram-negative coverage and 
is particularly active against E coli and other common gram- 
negative pathogens. 
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INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan aotcnel ha indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
ri een a aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
in eo (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 

nd E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureus' (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species, and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (exclu ing B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus.* 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, sapii surgery, and gastrointestinal ya fl 
The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 
_, If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS i 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous rsensitivity reactions to cefotetan disodium, x agen la 

cillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 

iotics should be administered with caution to any ore who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require p e er and other emergency measures. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
antibiotics); therefore, it is important to consider its diagnosis in patients who develop 

diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one pinar 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. _ 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
sc va gaa pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 

te of nonsusceptible organisms. Careful observation of the patient is essential. if superinfection 
oes occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by ruen, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher oer go of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included s ermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day ae 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 
(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 
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CEFOTAN® (cefotetan disodium) 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal y ap m a occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500) 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 


determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


see Serre einai 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 

PROPHYLAXIS: To eo postoperative infection in clean contaminated or potentially contaminated 

surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 

30 to 60 minutes prior to surgery. In Beo undergoing cesarean section, the dose should be 

administered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 

employed. The following dosage guidelines may be used. 

E a eee eee eee 
DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
S a ee I iat Se 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g 
dose is available in 10 mL and 100 mL vials, and the 2 3 dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light. 

1g in 10 mL vial (NDC 0038-0376-10 

2 in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial INDE 0038-0376-11 

2 gin 100 mL vial (NDC 0038-0377-21 


Manufactured for 
STUART PHARMACEUTICALS 
Division ot ICI Americas Inc 


Wilmington, Delaware 19897 


Rev E 3/86 63967-02 


References: 1. Gorbach SL: Bacteroides species, in Mandel GL, Douglas RG Jr, Bennett JE (eds): 
Principles and Practice of Infectious Diseases, ed 2. New York, John Wiley & Sons, 1985, p 1370. 

2. Simmons RL, Howard RJ, Henriksen Al (eds): Surgical Infectious Diseases. New York, Appleton- 
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FOR VULVOVAGINAL CANDIDIASIS 





GOOD NEWS 
ABOUT 


MALPRACTICE! 








Informed Consent™ Systems 
was developed by doctors and 
lawyers to help eliminate 
doctor/patient litigation. 










The Informed Consent™ System is: 


@ A Videotape designed to inform a patient 
about surgical procedures in an easy- 
to-understand format. 

@ A Legal Support Service designed to 
supply materials which show that the 
duty to obtain [the patient’s] informed 
consent was discharged. 


—SPANISH FORMAT AVAILABLE— 













Features: 

@ Videotapes explain surgery in a clear and 
uncomplicated manner. 

@ Videotapes explain risks and complications but 
are not designed to scare patients. 

@ Videotapes use diagrams and illustrations 
instead of actual photographs. 

@ Legal Support Service stores evidential 

materials and provides access for later 

courtroom use. 












Informed Consent™ Systems 
specialty areas: 






@ obstetrics/gynecology @ orthopedic @ 
@ otolaryngology urology @ 
@ endarcardiology/vasiculary # 

@ general surgery @ 






For more information, or to order, call: 


1-800-FILMTEC 
VA residents call: 703-471-6891 


distributed by Filmtec, Inc. reston, va. 22090 
©1986. Filmtec, Inc. 
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OBSTETRICIAN- 
GYNECOLOGIST 


24 member multispecialty clinic seeking 
third board certified or eligible OB/GYN 
physician in Bemidji, Minnesota. Excel- 
lent opportunity to join a high quality med- 
ical community in beautiful north woods 
and lake country of Northern Minnesota. 
Office ultrasound and colposcopy avail- 


able. Immediate full clinical practice of in- 
teresting obstetrics and gynecological pa- 
tients. Contact: 

C.C. Lowery, Administrator 

Bemidji Clinic, Ltd. 
1233 34th Street NW 
Bemidji, Minnesota 56601 
218-751-1280 





MATERNAL FETAL MEDICINE 


Board eligible/certified Perinatologist as 
Associate Director for Perinatal Center in 
423 bed teaching hospital serving high- 
risk population. Opportunity for clinical 
practice, clinical research, medical student 
and residency teaching, maternal transport 
care, private practice, ultrasonography and 
outreach education. Position available 
July, 1987. Salary and academic rank com- 
mensurate with experience. Opportunity for 


young qualified individual to further develop 
Perinatal Center and Division of Maternal- 
Fetal Medicine. 


Send inquiry and CV to: 


Washington C. Hill, M.D., FACOG 
Creighton University Medical Center 
The Perinatal Center 
601 North 30th Street, Suite 4810 
Omaha, Nebraska 68131-2197 
or call (402) 280-4431 
1-800-228-7212, Ext. 4431 





FOR VULVOVAGINAL CANDIDIASIS 








Boston University School of Medicine 
Dept. of Obstetrics & Gynecology 


presents 


A REVIEW COURSE AND UPDATE IN 
OBSTETRICS AND GYNECOLOGY—1987 


Course Director 
Leonard J. Cibley, M.D. 


A distinguished faculty will emphasize controversial 
topics and management of patients in broad areas of 
Obstetrical and gynecological practice. This program 
should prove of interest to the practicing obstetrician- 
gynecologist, pediatrician, resident-in-training, as well 
as to the nurse-midwife and nurse practitioner. 














March 30 — April 1, 1987 


Royal Sonesta Hotel 
Cambridge, Massachusetts 


For further information, contact 


Dept. of Continuing Medical Education 
Boston University School of Medicine 
80 E. Concord St. 

Boston, MA 02118 
(617) 638-4605. 











Join the Group in Minneapolis. 


Outstanding career opportunity combining 
superior care with professional growth. Join 
progressive department of 20 physicians, 12 
nurse-midwives and 6 ob/gyn nurse prac- 
titioners delivering 300 babies each month 
and providing family planning, infertility, high- 
risk obstetrics, laser surgery, colposcopy, ul- 
trasonography, laparoscopy and maternal/ 
fetal medicine in one of America’s leading 
metropolitan areas. 

Comprehensive benefits including profes- 
sional liability, four weeks vacation, two weeks 
conference leave, sick leave, medical cover- 
age, dental coverage, life insurance, disability 
and retirement plans. Opportunities for teach- 
ing and university affiliation. Please send c.v. 
to: M. Aksoy, M.D., Chairman, Department 
of Obstetrics and Gynecology; GROUP 
HEALTH, INC.; 2829 University Ave. S.E., 
Suite 220; Minneapolis, MN 55414. 
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OB/GYN 
Central New Jersey 


BC/BE physician who has recently 
completed or is completing a univer- 
sity affiliated residency wanted to join 
a solo practitioner in central New Jer- 
sey. 


Association leading to partnership, 
malpractice insurance paid. Competi- 
tive salary. 


Send C.V. and letter to: 


Charles M. Fleisch, D.O., FACOG 
415 Avenel Street 
Avenel, NJ 07001 


or call: 
201-636-2122 


Maternal-Fetal 
Medicine 


Board certified/eligible PERINATOLOGISTS re- 
quired for large volume obstetric services 
(3,000-6,000 deliveries per year). 


Opportunities exist both to join and create high risk 
obstetric services at various Kaiser Permanente 
Medical Care Centers located in Southern Califor- 
nia. University affiliations and clinical research is 
encouraged. 


Excellent benefits are offered including liability 
coverage, medical and dental coverage, vacation and 
sick leave, continuing education and retirement pro- 
gram. Partnership consideration available after two 
years full time employment. 


Please write, including your curriculum vitae and 
three professional references to: 





NZ KAISER PERMANENTE 
| ) SOUTHERN CALIFORNIA 

j i) PERMANENTE MEDICAL GROUP 
William G. McCormick 


Physician Recruitment: 

Dept. 41B 

Walnut Center 

Pasadena, CA 91188 
(714)829-5365 

Equal Opportunity Employer M/F/H 
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Think 
Femstat 


- (outoconazoe nitrate 


ihe 


FAST, SOOTHING RELIEF 
Complete coverage— 
and minimal vaginal leakage! ' 


3-DAY THERAPY 
As effective as miconazole cream— 
in only 3 days time! 


3 DISPOSABLE APPLICATORS 


Patient convenience and satisfaction— 
for enhanced compliance! 


*in non-pregnant patients, 3-day treatment is recommended. Treatment 
may be extended an additional 3 days, if necessary 


Fa —— 1 Droegemueller W, Adamson DG, Brown D et al: Three-day treatment 
j with butoconazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 
64:530-534, 1984. 


Please see brief summary of prescribing information on next page 


The Only 3-Day Cream 
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Think 


Fem vaginal cream t 


DCTS nitrate 
The Only 3-Day Cream 


Brief Summary 


INDICATIONS: 

FEMSTAT® (butoconazole nitrate) vaginal cream 2.0% 
is indicated for local treatment of vulvovaginal mycot- 
ic infections caused by Candida species. Confirm the 
diagnosis by KOH smears and/or cultures. FEMSTAT 
can be used with oral contraceptives and antibiotics. 
It is effective in non-pregnant women and during the 
second and third trimesters of pregnancy. 


CONTRAINDICATIONS: 
FEMSTAT is contraindicated in patients hypersensitive 
to any of the ingredients. 


PRECAUTIONS: 

General: 

If clinical symptoms persist, repeat microbiological 
tests to rule out other pathogens and confirm the 
diagnosis. Discontinue drug if sensitization or irrita- 
tion occurs. 


Information for the Patient: 

Do not discontinue prematurely during menstruation 
or because of symptomatic relief. 

Carcinogenesis: 

Animal studies have not been done. 


Mutagenesis: 
Mutagenicity studies were negative. 


Impairment of Fertility: 

Animal studies showed no impairment of fertility. 
Pregnancy Category C: 

Adverse effects were noted in animals treated with 
high oral doses. No studies were done in women 
during first trimester. Patients in the second or third 
trimester have shown no adverse effects attributable 
to the drug. 


Nursing Mothers: 
Use with caution. 


Pediatric Use: 
Safety and efficacy have not been established. 


ADVERSE REACTIONS: 

Vulvar/vaginal burning in 2.3% of patients, vulvar itch- 
ing in 0.9%, discharge, soreness, swelling, itching of 
fingers each in 0.2%. Complaints caused 1.6% to dis- 
continue drug. 


DOSAGE AND ADMINISTRATION: 
Non-pregnant Patients: The recommended dose is 
one applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. Treatment 
can be extended for an additional three days if 
necessary. 


Pregnant Patients (second and third trimesters only): 
The recommended dose is one applicatorful of cream 
(approximately 5 grams) intravaginally at bedtime 
for six days. 

CAUTION: 

Federal law prohibits dispensing without 
prescription. 


December 1985 


G 
= 
SYNTEX LABORATORIES, INC. 
PALO ALTO, CA 94304 


© 1986 Syntex Laboratories, Inc. 


OB/GYN 
PRACTICE 
OPPORTUNITY 


In La Junta, Colorado, community of 
10,000 with a HSA of 35,000. 61 - bed 
modern, full - service, JCAH - accre- 
dited hospital with 27 - member active 
multispecialty medical staff. Income 
guarantee. Excellent fishing, hunting, 
skiing. 
CONTACT: 


W. Holm, M.D. 
1100 Carson 
La Junta, CO 81050 


303 384-7734 


REPRODUCTIVE 
ENDOCRINOLOGIST 


University of Wisconsin, Milwaukee Clini- 
cal Campus, Department of Obstetrics 
and Gynecology, is seeking a full-time 
board eligible or board certified reproduc- 
tive endocrinologist for July, 1987. Posi- 
tion involves patient care and teaching 
with opportunities for research. Adminis- 
trative role includes direction of in vitro 
fertilization program. Send curriculum 
vitae to: 


Phillip R. Hamilton, M.D. 
Chairman, Department of 
Obstetrics and Gynecology 
Mount Sinai Medical Center 
950 North 12th Street 
Milwaukee, Wisconsin, 53233 


An equal opportunity employer 





Predictors of vaginal delivery in patients with a previous 
cesarean section, who require oxytocin 


Richard K. Silver, M.D., and Ronald S. Gibbs, M.D. 


San Antonio, Texas 


Prospect ve analysis of 98 consecutive patients at term pregnancy with one previous cesarean section, | 
who received oxytocin during a trial of labor (34 inductions, 64 augmentations), was undertaken to identify 
specific factors associated with successful vaginal delivery. The overall vaginal delivery rate was 59.2%. 
Comparing route of delivery in the induction and augmentation groups separately revealed no significant 
differences in maternal height, weight, or parity, duration of membrane rupture, length of oxytocin 
treatment or maximum dose, cervical examination on admission or before oxytocin treatment, or use of 
conduction anesthesia. A previous vaginal delivery favored repeat vaginal delivery in patients with 
augmentation while a nonrecurrent indication was significantly associated with vaginal delivery in all 
patients. After the beginning of oxytocin augmentation, the cervical dilatation rate was 1.82 cm/hr in 
patients delivered vaginally, compared with 0.18 cm/hr in those requiring cesarean section (p < 0.001). 
Any cervical dilatation during the first 2 hours of augmentation was associated with more frequent vaginal 
delivery: 24 of 40 vaginal deliveries (60%) versus six of 24 cesarean sections (25%, p < 0.01). 
Discriminant analysis correctly identified route of delivery in 85.3% of those with induction and 87.5% of 
patients with augmentation. During a trial of labor, oxytocin induction or augmentation is effective in a 
majority >f patients. Furthermore, an early response during augmentation is of predictive value when such 
patients are being managed. (Am J Osstet GYNECOL 1987;156:57-60.) 


Key wards: Oxytocin, trial of labor, cervical dilatation rate 


Although the revised recommendations of the Amer- 
ican College of Obstetricians and Gynecologists’ sup- 
port oxytocin use during a trial of labor, wide appli- 
cation of this practice has not been observed. Many 
reviews of vaginal delivery after cesarean section in- 
clude an analysis of oxytocin use.?* In general, patients 
receiving oxytocin in these series were delivered vagi- 
nally as often as women laboring spontaneously. How- 
ever, less than half of the women in each -of these ret- 
rospective studies actually received oxytocin (range 2% 
to 41%). Also the indications for oxytocin and/or the 
methods of administration were infrequently defined. 
Finally all of these reports introduce the potential bias 
of patient self-selection (for trial of labor), which may 
impact on route of delivery and overall success rate. 
The present prospective study was undertaken to de- 
termine whether oxytocin is effective for induction or 
augmentation in patients undergoing a trial of labor 
and to identify those factors predictive of successful 
vaginal delivery. 


From the Division of Obstetrics, Department of Obstetrics and Gy- 
necolozy, University of Texas Health Science Center. 

Presented at the Sixth Annual Meeting of The Soctety of Perinatal 
Obstetricians, San Antonio, Texas, January 30—February 1, 1986. 

Received for publication May 12, 1986; revised July 14, 1986; 
acceptzd July 17, 1986. 

Reprint requests: Richard K. Silver, M.D., 333 E. Superior St, 
#438. Chicago, IL 60611. 


Material and methods 


One hundred consecutive patients with singleton 
pregnancies at term and a history of one low-transverse 
cesarean section, receiving intrapartum oxytocin, were 
included in this prospective study from March 1983 
through February 1985. Thirty-four patients under- 
went induction of labor and 64 augmentations were 
performed. Indications for induction included spon- 
taneous premature rupture of the membranes (n = 


_ 17), impending postdates (n = 6), pregnancy-induced 


hypertension (n = 5), diabetes mellitus (n = 5), and 
intra-amniotic infection (n = 1). All patients were de- 
livered at Medical Center Hospital in San Antonio, 
Texas. Two patients received oxytocin during the sec- 
ond stage only and were excluded from further anal- 
ysis. No other patient with a previous cesarean section, 
who required oxytocin, was excluded during this study 
interval. 

Criteria for induction of labor included an obstetric 
indication for delivery, the absence of regular contrac- 
tions, and pretreatment dilatation <3 cm, whereas la- 
bor augmentation required dilation 24 cm, regular 
uterine activity, and no cervical change during the pre- 
ceding 1 hour. For induction, oxytocin was adminis- 
tered by doubling the initial dose of 1 mU/min every 
30 minutes to a maximum dose of 64 mU/min; for 
augmentation, the same initial dose was increased by 
i mU/min every 30 minutes. All patients had intra- 
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Table I. Obstetric variables associated with 
successful trial of labor after induction 






Successful trial 
of labor 





Obstetric variable 





No previous vaginal delivery 3] 16 51.6 


=] Vaginal delivery 3 2 66.7 
Recurrent indication 24 9 37.5 
Nonrecurrent indication 10 9 90.0 { * 


Present birth weight > past 23 ll 47.8 
birth weight 

Past birth weight > present 1] 7 63.6 
birth weight 


*p < 0.01. 


Table II. Obstetric variables associated with 
successful trial of labor after augmentation 






Successful trial 
of labor 






Obstetric variable 


No previous vaginal delivery 50 28 56.0 

21 Vaginal delivery 14 12 85.7 } 

Recurrent indication 38 19 50.0 

Nonrecurrent indication 26 21 80.8 i 

Present birth weight > past 39 19 48.7 
birth weight t 

Past birth weight > present 25 2} 84.0 
birth weight 


*p < 0.05. 
tp < 0.01. 


uterine pressure catheters placed before oxytocin ad- 
ministration, and Montevideo Units were calculated to 
assess response to oxytocin.-After vaginal delivery, the 
integrity of the lower uterine segment was verified by 
examination in all cases. 


Prenatal, intrapartum, and delivery variables were 


recorded for each patient. Analysis of data was accom- 
plished with the Statistical Package for Social Sciences 
(X),° including x? analysis for discrete variables and 
Student’s ¢ test (two-tailed) for continuous data and 
stepwise discriminant analysis. 


Results 


The overall vaginal delivery rate was 59.2% (induc- 
tions, 52.9%; augmentations, 62.5%). Selected obstetric 
variables associated with a successful trial of labor are 
summarized in Tables I and II. There were no signif- 
icant differences in maternal height (expressed as el- 
ther mean height or number of women <60 inches tall 
in each group), weight, or parity, when route of delivery 
was compared among all patients. In this same com- 
parison, duration of membrane rupture, length of oxy- 
tocin treatment or maximum dose, cervical examina- 
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Table ITI. Cervical dilatation rates among 
patients with augmentation compared by route 
of delivery 













Dilatation rate 
(cmihr, mean + SD) 


Cesarean 
(n = 24) 


Onset of active labor 0.29 + 0.24 0.39 + 0.21 
to oxytocin 
treatment 

Oxytocin treatment 
to complete dila- 
tation or labor 
arrest 

First 2 hr of oxyto- 
cin treatment 






Vaginal 


Labor interval (n = 40) 





= 0.08 


0.18 + 0.21 1.82 + 2.01 <0.001 


0.18 + 0.28 1.19 + 1.23 <0.001 


tion on admission or before oxytocin treatment, and 
use of conduction anesthesia were similar among both 
the induced and augmented groups. A positive asso- 
ciation with previous vaginal delivery was limited to the 
augmented group (85.7% vaginal delivery rate with this 
history), while a nonrecurrent indication favored vag- 
inal delivery in all patients. Nonrecurrent indications 
included malpresentation (n = 15), fetal distress 
(n = 11), pregnancy-induced . hypertension (n = 6), 
multiple gestation (n = 3), and placenta previa (n = 1). 
Analysis of women with a lower birth weight at cesarean 
section than in the present pregnancy demonstrated 
that a larger infant during the current pregnancy did 
not preclude vaginal delivery. Overall, of the 62 women 
with larger infants, 30 were delivered vaginally. How- 
ever, among patients with augmentation, a lighter in- 
fant during the current pregnancy favored a successful 
trial of labor (84.0% versus 48.7%, p < 0.01), and in- 
fants born by cesarean sec:ion were heavier than the 
neonates delivered vaginally (3548 versus 3280 gm, 
p < 0.05). 

Although oxytocin was stopped or reduced more fre- 
quently among patients with augmentation requiring 
cesarean section, all patients demonstrated at least 150 
Montevideo Units for two consecutive hours, without 
cervical change, before abdominal delivery. Reasons for 
reducing or stopping oxytocin included fetal heart rate 
abnormalities (n = 13), hypercontractility (n = 6), or 
both (n = 6). 

Significant associations between progressive cervical 
effacement or descent of the presenting part and route 
of delivery were not identified. However, rates of cer- 
vical dilatation, before and after oxytocin treatment, 
were significantly different when compared by route 
of delivery. Three of these interval cervical dilatation 
rates are shown for the patients with augmentation in 
Table III. Before oxytocin treatment, the vaginal de- 
livery group had a slightly :ncreased rate of dilatation 
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(p = 0.08). After augmentation, this same group had 
dilatation at 1.82 cm/hr for the remainder of active- 
phase labor, compared with only 0.18 cm/hr in those 
patients delivered by cesarean section (p < 0.001). Even 
during the first 2 hours of augmentation (when a max- 
imum oxytocin dose of only 4 mU/min could be ad- 
ministered), patients destined to be delivered vaginally 
demonstrated significant cervical change. In contrast, 
dilatation rates during the first 2 hours of induction 
(n = 54) did not discriminate between route of delivery 
in that group of patients (vaginal, 0.30 cm/hr; cesarean, 
0.22 cm/hr). 

Table IV details the vaginal delivery rates as a func- 
tion of cervical change during the first 2 hours of aug- 
mentation. Any change in dilatation during this period 
was associated with vaginal delivery in 75% of cases, 
while no change was associated with cesarean section 
in the same percentage of patients. Successively higher 
rates of dilatation enhanced the predictive value for 
vaginal delivery. Overall, in 24 of the 40 vaginal deliv- 
eries (60%), there was some degree of cervical change 
during this interval; this is compared with only six of 
the 24 cesarean sections (25%, p < 0.01). 

Discriminant analysis was used to identify variables 
that predicted route of delivery among patients with 
both induction and augmentation. Initially both pro- 
spective (that is, known before oxytocin treatment) and 
retrospective (that is, known after delivery) variables 
were allowed to enter the model. Variables selected in- 
cluded cervical dilatation rates before oxytocin and in 
the first 2 hours after oxytocin, cervical examination 
(dilation) before oxytocin, active-phase dilatation rate, 
and maximum oxytocin dose. In this analysis, route of 
delivery was correctly identified in 29 of the 34 patients 
with induction (85.3%) and in 57 of the 64 patients with 
augmentation (89.1%). Next, only dilatation rates be- 
fore oxytocin and in the first 2 hours after oxytocin 
were allowed to enter the model for the augmented 
group. These two prospective variables correctly iden- 
tified 80% of the cesarean deliveries and 66.7% of those 
women with successful trials of labor. 

Measures of morbidity included the incidence of an- 
tepartum and puerperal infection, intraoperative com- 
plications including uterine dehiscence, the need for 
blood transfusion, and any neonatal 5-minute Apgar 
score <7. Most complications were incurred by the pa- 
tients with failed trials of labor. The diagnosis of intra- 
amniotic infection was made in five women, three of 
whom were delivered by cesarean section. Nine of the 
11 cases of endometritis were also encountered among 
cesarean section patients. All infections responded to 
appropriate antibiotic therapy. Two patients were 
noted to have uterine “windows” that had been asymp- 
tomatic during labor. These were repaired without 
complication at the time of cesarean section. Two other 
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Table IV. Cervical dilatation rate during the 
first 2 hours of augmentation and associated 
rates of vaginal delivery 














Patients 
delivered vaginally 
(%) 


Cervical 
dilatation rate 
(emlhr) 


No. of patients 
with this rate 
(n = 64) 





=0* 64 62.5 
20.25 49 78.6 
20.50 28 85.7 
20.75 26 - 88.5 
=1.0 20 100.0 


*Sixteen patients demonstrated no cervical dilatation dur- 
ing this period and only 25% of this group were delivered 
vaginally. 


patients received a blood transfusion in the postoper- 
ative period. All neonatal 5-minute Apgar scores were 


=7. 


Comment 


The practice of vaginal delivery after previous ce- 
sarean section has been a standard of care at this in- 
stitution for the last 16 years.'® Lavin et al." reviewed 
the literature on trial of labor from a 30-year period 
and concluded that oxytocin use might increase the risk 
of uterine rupture. Other authors**°* * and the Amer- 
ican College of Obstetricians and Gynecologists have 
suggested that oxytocin can be used safely without in- 
creased maternal or fetal risk. Although the present 
study was not designed to address safety, we observed 
no excessive morbidity in our patients, even among 
women with failed induction or augmentation of labor. 

Certain relationships between clinical history and 
route of delivery among patients undergoing a trial of 
labor have been confirmed in the present investigation. 
Although patients with previous arrest of labor may be 
at increased risk for repeat cesarean section, 50% of 
our patients with augmentation with this history were 
delivered vaginally. Hypothetically, if oxytocin was not 
used, as advocated by Jarrell et al., most or all of the 
64 patients with augmentation would have required 
abdominal delivery secondary to hypocontractile labor 
dysfunction. Alternatively, oxytocin use limited to 
women with nonrecurrent indications, as proposed by 
Benedetti et al.,* would have resulted in 19 more ce- 
sarean sections in this series. In reviewing the effect of 
previous indications on route of delivery, Clark et al.” 
also concluded that exclusion of patients with recurrent 
conditions was unjustified. 

A history of at least one previous vaginal delivery 
favors a successful trial of labor. Because of standard 


' selection criteria (one previous cesarean section only) 


and the parity of our patients (median = 1), 72.5% had 
not experienced a vaginal delivery. Therefore, the rec- 
ognized advantage of a previous vaginal delivery is lim- 


60 Silver and Gibbs 


ited to a minority of women and should not be used as 
a selection criterion for trial of labor or oxytocin use. 

Seitchik and Rao” analyzed 58 patients with “pre- 
sumed” recurrent indications (failed progress in labor 
or cephalopelvic disproportion) who presented for a 
trial of labor in a subsequent pregnancy at this insti- 
tution. It was apparent that the original diagnosis was 
not predictive of repeat abdominal delivery, even in 
those patients carrying larger infants during the cur- 
rent pregnancy. In our patients with augmentation, al- 
though absolute birth weight was significantly different 
when route of delivery was compared, half of our pa- 
tients with larger infants in the current pregnancy also 
were delivered vaginally. It appears that birth weight 
estimates in excess of birth weight with previous cesar- 
ean section should not exclude patients from a trial of 
labor or use of oxytocin. 

Our analysis of cervical dilatation rates before and 
after oxytocin administration was performed to identify 
prospectively those patients likely to be delivered vag- 
inally. For patients with augmentation, we selected the 
first 2 hours of oxytocin treatment for two reasons. 
Previous work by Seitchik and Castillo'’® noted that 
most patients with augmentation required less than 4 
mU/min to achieve adequate contractility. With this ex- 
pectation, those patients requiring dose increments 
each 30 minutes would reach 4 mU by 90 minutes. An 
additional 30 minutes would then be available to ob- 
serve the pharmacologic effect of that dosage. Second, 
the predictive value of this posttreatment observation 
is limited by how quickly a trend can be detected. For 
patients with augmentation, any cervical change in the 
first 2 hours predicted route of delivery in a majority 
of patients. However, 16 patients without cervical 
change during this interval still were delivered vagi- 


nally. It is apparent that some patients need a period . 


of observation >2 hours before augmentation is con- 
sidered ineffective. In contrast, patients achieving a 
minimum of 0.5 cm/hr during these first 2 hours are 
very likely to be delivered vaginally. This information 
may be helpful to the clinician attending a trial of labor, 
during which active-phase arrest occurs and oxytocin 
is considered. 

In summary, oxytocin induction or augmentation 
during a trial of labor is effective in a majority of pa- 


january 1987 
Am J Obstet Gynecol 


tients and is recommended in response to standard 
obstetric indications. Furthermore, early cervical dila- 
tation during augmented labor has predictive value re- 
garding route of delivery. 
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The effect of percutaneous estradiol and natural progesterone 


on postmenopausal bone loss 


Bente J. Riis, M.D., Karsten Thomsen, M.D., Verner Strøm, M.D., and 


Claus Christiansen, M.D. 


Glostrup, Denmark 


The effect of percutaneous estradiol alone and combined with natural progesterone on postmenopausal 
bone loss was studied. A total of 57 women who had experienced a natural menopause 6 months to 3 
years previously entered the study. After an initial examination the women were allocated in a blinded 
pattern to treatment with 3 mg of percutaneous estradiol or placebo. The code was broken after 1 year of 
treatment, and the women receiving estradiol continued with a cyclic addition of progesterone, whereas 
those receiving placebo continued with placebo. The women were examined every 3 months during the 2 
years of treatment. Measurement of the bone mineral content in the forearms (single photon 
absorptiomatry) and the spine and total skeleton (dual photon absorptiometry) showed a significant 
decrease of 5% to 7% in the placebo group during the 2 years of treatment, whereas it remained constant 
in all bone compartments in the estradiol group. Addition of progesterone did not influence the results. 
Biochemica! estimates of calcium metabolism changed toward a premenopausal level in the estradiol 
group but ramained unchanged in the placebo group. We conclude that percutaneous estradiol is effective 
as preventive therapy of postmenopausal bone loss and that addition of progesterone does not influence 


bone or calcium metabolism. (AM J Ogstet GYNECOL 1987;156:61-5.) 


Key words: Percutaneous estradiol, progesterone, postmenopausal bone loss 


After the menopause, women lose bone mineral con- 
tent at ar. average rate of 15% to 20% in a 10-year 
period,’ which raises the risk that some subjects will 
manifest osteoporosis later in life. Estrogen replace- 
ment therapy has been shown to be the most effective, 
single modality for the prevention of osteoporosis in 
women,” but it may have some physiologic adverse ef- 
fects. The metabolic effects of estrogen therapy are 
influenced by the route of administration. Oral admin- 
istration is characterized by rapid absorption, a consid- 
erable conversion of estradiol to estrone, and a first- 
pass liver effect, with induction of hepatic protein syn- 
thesis. This interaction with liver metabolism may have 
importance for some of the side effects of estrogen 
therapy.’ Percutaneous administration has some ad- 
vantages because the first-pass liver effect is avoided. 
Moreover, it has been demonstrated that percutaneous 
administration of estradiol is effective in ameliorating 
subjective postmenopausal symptoms.* Its effect on 
bone is, however, unknown. 

Combined estrogen-gestagen therapy is an essential 
feature of postmenopausal hormone replacement ther- 
apy.” Certain gestagens have, however, been shown to 
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exert adverse effects on lipid metabolism® and to influ- 


ence bone metabolism.’ Oral administration of micro- 


nized progesterone does not adversely affect lipid me- 
tabolism.® The aim of the present study was to examine 
the effect of percutaneous estradiol, both alone and in 
cyclic combination with progesterone, on bone metab- 
olism in early postmenopausal women. 


Patients 


This study was part of a large double-blind clinical 
controlled trial carried out at Glostrup Hospital from 
June 1983 to December 1985. The participants were 
selected as follows: 9836 questionnaires were sent to 
women aged 45 to 54 years and 7484 were returned. 
From information about the last vaginal bleeding, ear- 
lier gynecologic operations, and drug intake 558 
women fulfilled the following criteria: (1) spontaneous 
cessation of menstrual bleeding within the preceding 
0.5 to 3 years; (2) no treatment with sex hormones or 
other drugs known to influence calcium metabolism 
after the menopause. The 558 women were invited to 
attend a meeting and 397 did attend. After receiving 
thorough information about the trial 293 gave their 
written consent to participate (Helsinki Declaration II). 
The clinical histories were taken and they were given 
a medical examination including a gynecologic exam- 
ination with cytologic test, breast palpation, and mea- 
surement of resting and supine blood pressures, and 
blood was sampled. Two hundred seventy women en- 
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Table I. Clinical data and initial values of bone mass measurements in the two treatment groups 


(mean + 1 SEM) 


Age (yr) 

Menopausal duration (mo) 

Weight (kg) 

Proximal bone mineral content (U) ` 
Total body bone mineral content (gm) 
Distal bone mineral content (U) 

Bone mineral density of spine (gm/cm’) 


tered the trial. All were free of past or present diseases 
known to influence calcium metabolism or to contrain- 
dicate the’ medications used in the trial. Out of this 
population 57 women were randomly selected for the 
present study. After an initial examination the women 
were allocated to two treatment groups, receiving in a 
blinded pattern either percutaneous estradiol* (n = 
29) or placebo (n = 28) for | year. After the first year 
of treatment, the code was broken; all women receiving 
178-estradiol continued with a supplement of 200 mg 
of micronized progesteronet from days 13 to 24, and 
the placebo group continued the placebo cream. The 
study was thus double blind the first year and single 
blind the second year. 
Trial compliance. Of the 57 women who entered the 
study 45 women completed all nine examinations 
(79%). All dropouts took place within the first year of 
. treatment. In the estradiol group nine women left the 
_ study: four women because of persistent irregular uter- 

ine bleeding; three because of lack of time; one because 
' of aggravation of migraine, and one because of skin 
irritation at the estradiol application site. In the placebo 
group two women dropped out because of lack of time 
and one because of development of hyperthyroidosis. 
This left 20 patients in the estradiol group and 25 
women in the placebo group. 


Methods 


Bone mineral content of the forearms was measured 
by single photon absorptiometry, with the use of a Bone 
Mineral Analyzer 1100 from Mglsgaard Medical (Nu- 
clear Data Corporation). The method estimates bone 
mineral content in a proximal and a distal region of 
the forearm with a trabecular bone content of 10% and 
45%, respectively (Nilas L, personal communication). 
The long-term in vivo precision of proximal and distal 
bone mineral content is 1% and 1.5%.° Bone mineral 


*Oestrogel cream, 0.6 mg of 17f-estradiol per gram; 28- 
day cycle: days 1 to 24, 5 gm daily; days 25 to 28, no medi- 
cation. (Cream applied to the abdominal skin or on the inner 
side of the thighs or the arm.) 

+Utrogestan capsules, 100 mg. 


Plo gah 
50.5 + 0.6 50.5 + 0.4 
15.0 + 2.2 19.3 + 1.9 
61.] + 1.8 60.4 + 1.5 
38.4 + 1.] 36.4 + 1.0 
315] + 126 3011 + 70 
37.9 + 1.3 35.7 + Ll 
0.87 + 0.03 0.87 + 0.02 


density of the lumbar spine was measured by dual pho- 
ton absorptiometry on a Lunar Radiation Corporation 
DP3 scanner. The bone mineral density of the spine 
was Calculated as the bone mineral density values ob- 
tained in vertebrae L-2, L-3, and L-4. The precision 
is 4%. Bone mineral content of the total skeleton was 
likewise measured by dual photon absorptiometry on 
a whole-body scanner developed in our laboratory. The 


' precision of the bone mineral content of the total skel- 


eton is 2%.° 

Intestinal radiolabeled calcium absorption was mea- 
sured by a modification of the single-isotope technique 
first described by Marshall and Nordin.” After an over- 
night fast 10 Ci of calcium chloride Ca 47 was given 
orally with a carrier dose of 40 mg of calcium ion as 
calcium chloride and 250 ml of water. Blood samples 
were taken at 60 and 90 minutes, and the absorbed 
fraction (the mean values of the results at 60 and 90 
minutes) was corrected fcr lean body mass calculated 
by the formula of Boddy et al.” 

Blood samples were taken and urine was collected in 
the morning after an overnight fast and tobacco absti- 
nence. Serum estrone and estradiol were measured by 
radioimmunoassays described elsewhere.” Serum al- 
kaline phosphatase was measured enzymatically. Serum 
calclum was measured by atomic absorptiometry and 
the serum concentrations were corrected to a serum 
protein level of 70 gm/L. Fasting urmary hydroxypro- 
line was measured by a spectrophotometric method and 
corrected for creatinine excretion. 

Statistical analysis. For statistical analysis of differ- 
ence between initial values Student’s é test for unpaired 
data was used. To evaluate longitudinal changes in bone 
mass measurements the initial value was set at 100% 
and values obtained after :nstitution of treatment were 
expressed as a percentage of this value. The mean per- 
cent change was then used in Student’s ¢ test for un- 
paired data. 


Results 


Table I shows the clinical data and the initial values 
of bone mass measurements; Table I] shows the initial 
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Fig. 1. Mean (+ 1 SEM) values of bone mass measurements during the 2 years of treatment. O = Hor- 
mone group; ® = placebo group. BMCpa. = Proximal bone mineral content; BMC,,, = distal bone 
mineral content; 7BBM = total body bone mineral content; BMD pme = bone mineral density of the 


spine. 


values of serum estrogens and biochemical éstimates of 
calcium metabolism. The two treatment groups were 
comparable. 

Fig. 1 gives the mean values of the bone mineral 
determinations in the four bone compartments. In the 
placebo group the, mean values of all bone mass mea- 
surements fell significantly when compared with those 
in the hormone group, reaching a difference in bone 
mass of 5% to 7% during 2 years. The addition of 
progesterone after 1 year of treatment did not influ- 
ence the results. . 

Table II shows the changes of serum estrogens, the 
biochemical estimates of calcium metabolism, and the 
intestinal radiolabeled calcium absorption. In the hor- 
mone group there was a highly significant increase 
(p < 0.001) in serum estrone and estradiol after 3 
months of treatment. Thereafter the serum hormone 
concentrations were virtually unchanged. There was no 
significant change in serum calcium in either group, 
whereas both serum alkaline phosphatase and fasting 
urinary hydroxyproline were decreased in the hor- 
mone group compared with the placebo group, reach- 
ing significance after 12 months’ treatment (p < 0.01 
to 0.001). Intestinal radiolabeled calcium absorption 


was unchanged in both groups. None of the variables 
appeared to be influenced by the addition of proges- 
terone. 


Comment 

Postmenopausal hormone substitution therapy is 
widely used, partly to relive climacteric subjective symp- 
toms and partly to prevent postmenopausal bone loss. 
Percutaneous administration of 17-estradiol has pre- 
viously been demonstrated to possess certain advan- 
tages over oral estrogen treatment with regard to liver 
metabolism,'' and progesterone may have advantages 
over other gestagens with regard to lipid metabolism.’ 

The present study comprised a representative sample 
of the Danish population of women who had recently 
experienced a natural menopause, and the two. treat- 
ment groups were well matched. We chose a dose of 
3 mg of estradiol daily because of its approximate bio- 
equivalence with 2 mg of oral estradiol,'* which seems 
to be optimal in terms of preventing bone loss.’* Studies 
have shown, furthermore, that a single daily dose of 2 
or 4 mg of percutaneous estradiol results in serum es- 
tradiol levels that are maintained for 48 hours and that 
are comparable to serum levels after oral administra- 
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Table II. Serum estrogens and biochemical estimates of calcium metabolism before and during treatment 


(mean + 1 SEM) 


Hormone group 


Serum estrone (pg/ml) 68 + 5° 141* + 16 215* + 45 204* + 32 
Serum estradiol (pg/ml) 34 + 18 180* + 32. 218* + 62 200* + 34 
Serum calcium (mmol/L) 2.49 + 0.02 2.44 + 0.0] 2.45 + 0.01 2.47 + 0.02 
Serum alkaline phosphatase (U/L) 166 + 7 16] +10. 127* + 6 123* + 9 
Fasting urinary hydroxyline (mmol/mol) 14.0 + 0.7 12.5 + 0.9 9.37 + 0.4 10.2¢ + 0.7 
Intestinal radiolabeled calcium meat Soi (U) 24.4 + 1.6 - — 25.5 24155 24.1 + 13 


*Change in hormone group versus placebo group: p < 0.001. 
Change in hormone group versus placebo group: p < 0.01. 


tion.'* The dispensing form involves only minor prob- 
lems: At the beginning of the study most of the women 
felt it “strange” but thereafter it was well accepted; one 
woman experienced itching at the application site, with- 
out any visible cutaneous sign. 

The biochemical calcium metabolic variables changed 
during treatment in the same way as with oral estrogen 
treatment,” that is, a decrease to the premenopausal 
level of bone turnover rate. 

The methods used for measuring bone mass have a 
precision that makes them suitable for longitudinal 
studies. Percutaneous estrogen treatment kept bone 

mass constant, whereas placebo treatment resulted in 
a significant loss of bone mineral content in all bone 
compartments. The mean differences between changes 
in the two groups, measured either in the total skeleton 
or locally, were virtually the same after 2 years of treat- 
ment. Which bone site (or type of measurement) is the 
most optimal for studies iri osteoporosis has been the 
subject of heated discussion,"* '© but the present study 
clearly demonstrates that all four measurement systems 
were able to show the difference between the two 
groups. It should be noted, however, that the standard 
error of the mean was lowest for the proximal bone 
mineral content (0.7% to 0.8% at 24 months) and high- 
est for the bone mineral density of the spine (1.5% to 
1.7% at 24 months). This indicates that study of more 
patients is required to demonstrate the reponse to es- 
trogen treatment if the spine scanner is used than if 
the forearm scanner is used. l 

Unopposed oral or percutaneous estrogen treatment 
for longer periods increases the risk of endometrial 
cancer, whereas this risk is abolished when a cyclic ges- 
tagen component is added.’ Gestagen also prevents ir- 
regular bleeding. In the present study irregular uterine 
bleeding was observed in the hormone group when 
treated with estrogen alone, but they had regular 
bleeding in the second year of treatment. It is also very 
important that the chosen gestagen exert little or no 


adverse effects on lipid metabolism; progesterone 
seems to be such an agent.® We conclude that treatment 
with percutaneous estradiol is a possible alternative to 
oral administration in terms of preventing postmeno- 
pausal bone loss and that addition of progesterone does 
not influence bone or calcium metabolism. 


We thank Laboratoires Besins Iscovesco for supply- 
ing Oestrogel cream, Utrogestan capsules, and placebo. 
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Long-term effects of percutaneous estrogens and oral 
progesterone on serum lipoproteins in postmenopausal women 


Jytte Jensen, M.D., Bente J. Riis, M.D., Verner Strøm, M.D., Lisbeth Nilas, M.D., and 


Claus Christiansen, M.D. 
Glostrup, Denmark 


Serum lipids and lipoproteins were examined in a group of 45 healthy postmenopausal women who were 
treated for 2 years with either 3 mg of percutaneous estradiol (n = 20) or placebo ¿n = 25). Percutaneous 
estradiol was given alone during the first year of treatment and in combination with oral micronized 
progesterone (200 mg) for 12 days of each cycle during the second year. The women were examined 
every 3 months throughout the 2 years. Percutaneous estrogen therapy significantly reduced total serum 
cholesterol and low-density lipoprotein cholesterol, whereas no significant differences were observed in 
serum triglycerides and high-densily lipoprotein cholesterol. Addition of oral progesterone during the 
second year of treatment did not produce any significant alterations in serum total cholesterol or 
‘low-density lipoprotein cholesterol, both of which remained significantly reduced. Serum triglycerices 
remained virtually unchanged, whereas a slight but significant increase (p < 0.05) was observed in 
high-density lipoprotein cholesterol levels at the end of the study period. We conclude that percutaneous 
estrogen administration produces changes in total serum cholesterol and low-density lipoprotein 
cholesterol levels similar to those observed after oral estrogen administration. However, the magnitude and 
time course of the response seem to be modulated by the route of administration. Addition of ora 
micronized progesterone does not influence the beneficial estrogenic actions on serum lipics and 
lipoproteins and seems to be a proper “progestogen” in percutaneous estrogen therapy. (Am J OBSTET 


GYNECOL 1987;156:66-71.) 


Key words: Percutaneous estrogens, serum lipoproteins, postmenopause, oral progesterone 


Postmenopausal estrogen therapy is widely used for 
the treatment of climacteric complaints, and the rec- 
ognized efficacy of estrogens in preventing postmeno- 
pausal bone loss might result in a future rise in the 
number of women receiving such therapy. 

Some metabolic side effects of estrogen therapy seem 
to be caused by alteration of hepatic functions. Thus 
changes in lipid and protein metabolism following ad- 
ministration of natural estrogens are believed to be 
more a consequence of the oral route of administration 
than of the estrogen treatment per se. Percutaneous 
administration has the initial advantage of bypassing 
the portal circulation, and this route of administration 
has been shown to induce less alteration in the hepatic 
synthesis of certain lipids' and proteins’ than oral ad- 
ministration. Moreover, physiologic levels of serum es- 
tradiol and estrone comparable to the premenopausal 
range can be attained with percutaneous estrogen ad- 
ministration,’* presumably because percutaneous ab- 
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sorption is slow’ and the gastrointestinal interconver- 
sion of estrogen metabolites is avoided. The effect of 
orally administered estrogens on serum lipoproteins 
might be considered advantageous from a cardiovas- 
cular point of view, since the therapy increases the levels 
of high-density lipoprotein (HDL) cholesterol and de- 
creases the levels of low-censity lipoprotein (LDL) cho- 
lesterol. However, cyclic estrogen/progestogen treat- 
ment is recommended, decause the addition of pro- 
gestogen reduces the risk of endometrial hyperplasia° 
and cancer.” Unfortunately, some progestogens have 
been found to reduce’ or even reverse? the beneficial 
actions of estrogen on serum lipoproteins, although this 
depends on the type and dose of the implicated pro- 
gestogen. Recently, “natural” micronized progesterone 
has been reported to have no adverse effects on lipo- 
protein metabolism. 

Percutaneous estrogen administration has proved to 
be effective in alleviating climacteric complaints,” but 
the long-term effects on serum lipids and lipoproteins 
have not been examined in controlled trials, nor has 
the long-term effect of percutaneous estrogen opposed 
by oral progesterone on lipoproteins been studied. 

In the present placebo controlled study of 45 post- 
menopausal women, we report on the changes in hi- 
poprotein profiles during 2 years of percutaneous 
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Table I. Initial values and clinical data in the two groups of postmenopausal women 













Menopausal 
age (mo) 


Percutaneous 20 50.3 + 2.7 15 + 10 
estradiol 
Placebo 25 50.1 + 1.9 19 +9 


Values are given as mean + 1 SD. 


estrogen therapy opposed for 1 year by oral proges- 
terone. 


Material and methods 


Participants. This study was part of a large double- 
blind controlled trial. The participants were selected as 
follows: of 9836 questionnaires sent to all women aged 
45 to 54 years in Copenhagen County, 7484 (76%) were 
returned, From information about the date of the last 
vaginal bleeding, earlier gynecologic operations, and 
drug intake, 558 women fulfilled the following criteria: 
(1) spontaneous cessation of menstrual bleeding within 
the preceding 6 months to 3 years; (2) no treatment 
with sex hormones or drugs known to influence calcium 
metabolism after the menopause. The 558 women were 
invited to an information meeting, which 397 attended. 
After receiving thorough information about the trial, 
293 gave their written consent to participate (Helsinki 
Declaration II). A medical examination was performed, 
which included a clinical history, gynecologic exami- 
nation with a cytologic test, breast palpation, and blood 
sampling. Of the 270 women who entered the trial, all 
were free of past or present diseases known to influence 
calcium metabolism or to contraindicate the medica- 
tions of the trial. Of this population 57 women were 
randomly selected for the present 2-year study. After 
three initial examinations the women were allocated to 
two treatment groups, receiving either cyclic percuta- 
neous estradiol* (n = 29) or placebo (n = 28) in a 28- 
day cycle. After 1 year of treatment the code was broken 
and the participants in the estradiol group received oral 
micronized progesteronet (200 mg) for 12 days (days 
13 to 24) of the treatment cycle in addition to the per- 
cutaneous estradiol, whereas the placebo group contin- 
ued to receive the same medication. Hence the study 
was double-blind throughout the first year and single- 
blind the second year. No dietary instructions were 
given. During both treatment years all participants 
were examined every three months (nine examinations 


*Oestrogel: cream, 60 mg of estradiol/100 gm. Days I to 
24: 5 gm daily, applied to the skin of the abdamen or on the 
inside of the arms or the thighs. 

7 Utrogestan: capsules, 100 mg. 


Weigh! 





Serum 





















triglyceride Serum Serum HDL Serum LDL 
cholesterol cholesterol cholesterol cholesterol 
(mmol/L) (mmol/L) (mmol/L) (mmol/L) 


44+ 1.1 


6.7 + 1.2 1.8 + 0.4 


6.2 + 1.2 1.7 + 0.4 4.0 4 1.2 


in all). The trial was approved by the Ethical Committee 
of Copenhagen County. 

Trial compliance. Fifty-seven women entered the 
study, and 45 women completed all examinations 
(79%). In the estradiol group 9 women left the study, 
all within the first year. Four women dropped out be- 
cause of persistent irregular bleedings, three women 
because of lack of time, one because of aggravation of 
migraine, and one because of skin irritation at the ap- 
plication site of the estradiol gel (without any visible 
reaction). Three women in the placebo group dropped 
out, two because of lack of time and one because thy- 
rotoxicosis developed. The estradiol group finally con- 
sisted of 20 women and the placebo group 25 women. 

Table I gives the clinical data and initial values of 
serum lipids and lipoproteins in the two groups of 
women who completed the study. The groups were 
comparable. 

Methods. Blood samples were drawn in the morning 
after an.overnight fast and tobacco abstinence between 
days 21 and 24 of the tablet cycle. 

Serum. lipids and lipoproteins. The HDL lipoprotein 
fraction was separated from chylomicrons, LDL, and 
very low-density lipoprotein (VLDL) by the Mg**/dex- 
tran sulphate precipitation technique. Total serum cho- 
lesterol and HDL cholesterol were determined by an 
enzymatic technique with use of an LKB Ultrolab sys- 
tem. The intra-assay and interassay variations were 1% 
and 2% (total cholesterol) and 2% and 5% (HDL cho- 
lesterol), respectively. Serum triglycerides were deter- 
mined by an enzymatic technique with use of an LKB 
8600 reaction rate analyzer. The intra-assay and inter- 
assay variations of this method are 5% and 8%. 

LDL cholesterol was then estimated according to 
the procedure of Friedewald et al.° The intra-assay 
and interassay variations of this estimation were 5% 
and 10%. 

Serum estradiol was measured with use of antiserum 
supplied by Milab, and standards were prepared with 
use of 178-estradiol supplied by Merck. The intra-assay 
and interassay variations were 6% and 15%, and the 
sensitivity 15 pmol/L. 

Serum estrone was measured with use of antiserum 
supplied by Statens Seruminstitut, and standards were 
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Table II. Bleeding pattern during treatment with percutaneous estrogen before and after addition of oral 


progesterone 


Percutaneous estradiol (first year) 


Bleeding ~*~ Curetiage 
pattern. n (no. of patients) histology 
None 12 — 
Regular 2 ~ ~ 
Irregular 6 2 Estrogenic 


prepared with use of estrone supplied by Sigma. The 
intra-assay and interassay variations were 11% and 
11%, and the sensitivity 100 pmol/L. l 

Statistical analysis. For each participant the pretreat- 
ment value was assessed 100%, and the subsequent 
measurements were expressed as a percentage of this 
value. The cumulated therapeutic response was cal- 
culated in each participant as the mean of the four 
measurements during the first and second year of treat- 
ment, respectively. 

Student’s / test for paired data was used to test the 
significance of difference within the groups, and Stu- 
dent’s ¢ test for unpaired data was used between the 
groups. 


Results 


Uterine bleeding. Table II shows the bleeding’ pat- 
tern in the group receiving percutaneous estradiol be- 
fore and after addition of oral progesterone. During 
the year of estradiol monotherapy, eight women (40%) 
experienced withdrawal bleeding which, however, only 
occurred regularly in two women (10%). After addition 
of progesterone, 14 women (7050) experienced regular 
withdrawal bleeding, whereas only one woman had ir- 
regular bleeding. 

Three women with irregular bleeding underwent cu- 
rettage and the endometrial histologic finding was es- 
trogenic in all (Table II). None of the wemen in the 
placebo group experienced uterine bleeding. 

Body weight. Body weight remained virtually un- 
changed in the hormone group throughout the 2 years 
of the study (61.1 + 8.0 kg initially versus 61.5 + 8.8 
kg in first year versus 61.8 + 9.3 kg in second year; 
NS), whereas a significant increase was observed in the 
placebo group after 1 and 2 years, respectively 
(60.4 + 7.5 kg versus 61.1 + 7.6 kg in first year, 
p < 0.005, and 61.6 + 8.4kgin second year, p < 0.01). 

Serum estradiol and estrone. Fig. 1 shows the 
changes in serum estradiol and estrone in the two treat- 
ment groups at 3, 6, 12, and 24 months of treatment. 

Both estrogens were significantly increased in the 
hormone group at 3 months of treatment (p < 0.001). 


Percutanaeous estradiol plus cral progesterone (second year) 


Bleeding Cureliage 
pattern n (no. of patients) 


Regular 
None 
Regular 
Irregular 
Regular 
Irregular 


Endometrial 
histology 


7 
5 
9 n wes = = 
0 
5 
] 


l Estrogenic 


The serum concentrations of both estrogens, however, 
continued to increase, reaching maximum levels only 
after 6 months of therapy. This pattern was most pro- 
nounced for serum estrone. After 6 months of treat- 
ment the serum levels of both estrogens remained vir- 
tually constant throughour the rest of the study. The 
initial estrone/estradiol ratio was >2, but after 6 months 
of percutaneous estrogen treatment, the ratio was re- 
duced to 1 and this ratio was maintained for the rest 
of the study. _ 

In the placebo group both estrogens remained 
within the postmenopausal range throughout the study 
period. 

Serum lipids and lipoproteins. Fig. 2 compares the 
effect of treatment with cutaneous estradiol, before and 
after addition of oral progesterone, on serum lipids and 
lipoproteins with that of placebo. During the first year 
of cutaneous estradiol therapy the total serum levels of 
cholesterol and LDL cholesterol were significantly re- 
duced compared to placebc, whereas no significant dif- 
ferences were observed in the serum levels of triglyc- 
erides and HDL cholesteral. 

- Addition of oral progesterone during the second 
year of treatment did not produce significant alter- 
ations in serum total cholesterol and LDL cholesterol, 
both of which remained significantly reduced in the 
hormone group. Serum triglycerides remained vir- 
tually unchanged during the second year, and no sig- 
nificant differences were observed between the two 


groups. Throughout the first 6 months after addition 


of progesterone, HDL cholesterol levels were similar 
in. the two groups, whereas the HDL levels tended to 
increase during the last 6 months of combined hor- 
mone therapy. This increase was significant (p < 0.05) 
at the end of the study period. 

Fig. 3 compares the cumulated treatment responses 
on serum lipids and lipoproteins (that is, mean of four 
examinations during the first and second year, respec- 
tively) in the two groups. The first year of cutaneous 
estradiol therapy resulted in significantly reduced levels 
of total cholesterol and LDL cholesterol, both com- 
pared to the corresponding initial values (p < 0.05, re- 
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spectively) and compared to placebo (p < 0.001, re- 
spectively). Serum concentration of triglycerides and 
HDL cholesterol were significantly increased in the hor- 
mone group compared to the placebo group (p < 
0,001, respectively); however, the changes were not sig- 
nificantly different from initial values, During the sec- 
ond year of treatment, when oral progesterone was 
added to the percutaneous estradiol, the cumulated 
response resulted in significant and slightly greater.re- 
ductions in total cholesterol (p < 0.01) and LDL cho- 
lesterol (p < 0.001) compared to those after percuta- 
neous estradiol alone. However, the differences be- 
tween the cumulated responses after the first and the 
second year were not significant. In contrast, no sig- 
nificant changes were observed in serum triglycerides 
and HDL cholesterol during the second year, although 
HDL cholesterol levels remained higher in the hor- 
mone group. The difference between the cumulated 
response in HDL after the first and the second year 
was not significant. 

Correletions between the cumulated response of es- 
tradiol (that is, mean of four examinations during treat- 
ment) and the cumulated change in LDL and total cho- 
lesterol (mean of eight examinations), respectively, 


were significant: estradiol versus LDL, r = —0.69, p < 
0.001, estradiol versus total cholesterol, r = — 0.63, 
p< 0.01. 

Comment 


Both natural and surgical menopause are accompa- 
nied by adverse changes in serum lipids and lipopro- 
teins, which are associated with an increased risk of 
developing cardiovascular diseases.” These adverse 
changes are generally considered a consequence of the 
ceased ovarian estrogen production, since treatment 
with oral estrogens reverses the negative trends in li- 
poprotein profiles by lowering LDL cholesterol and in- 
creasing HDL cholesterol." Hence postmencpausal es- 
trogen therapy might be considered advantageous 
from a cardiovascular point of view, and epidemiologic 
studies have suggested that postmenopausal estrogen 
replacement therapy has an overall protective effect 
against death from ischemic heart disease.'' In the pres- 
ent study percutaneous estrogen therapy significantly 
reduced the serum levels of total cholesterol and LDL 
cholesterol. HDL cholesterol levels tended to be higher 
after percutaneous estrogens than after placebo, and 
the cumulated treatment response resulted in a small 
but significant rise in HDL cholesterol levels. Previous 
studies of percutaneous estrogen therapy have re- 
ported only minor and insignificant changes in serum 
lipoproteins," °? despite significant increases in serum 
estradiol and estrone. These were short-term studies, 
however, and did not exceed 6 months of therapy. The 
short duration of treatment probably explains the dif- 
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Fig. 1. Serum estradiol (E,} and estrone (£,) during 2 years 
of treatment with percutaneous estradiol (©) and placebo (@). 
Values are given as mean + | SEM. Significance of difference: 
*** p < 0.001. 


ferent findings, since in the present study significant 
changes in lipids and lipoproteins were only observed 
after 6 months of treatment. Moreover; the serum levels 
of both estrogens continued to increase during the first 
6 months of percutaneous treatment and only reached 
the maximum and plateau levels after this period. Fur- 
thermore, significant correlations were demonstrated 
between the cumulated response of estradiol and the 
cumulated change in LDL’ and total cholesterol, re- 
spectively. Changes in lipoprotein profiles after oral 
estrogen use have previously been reported to be dose 
related,’ and the present response after use of 3 mg of 
percutaneous estradiol corresponds to the results ob- 
tained with 1 mg of oral 17B-estradiol. However, unlike 
the present study the changes in lipoprotein profiles 
during oral therapy occurred almost immediately.’ A 
possible explanation for the different time/effect 
course of oral and percutaneous administration of es- 
trogen on lipoproteins might be the route of admin- 
istration. By the oral route, estrogens are rapidly ab- 
sorbed with peak plasma concentrations within the first 
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Triglycerides 
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Fig. 2. Serum lipids and lipoproteins during treatment with percutaneous estrogens (©), percutaneous 
estrogens combined with cyclic progesterone (A), or placebo (@). Values are given as mean + 1 SEM 
and expressed in percent of initial values. Significance of difference from tke placebo group: 


* p < 0.05, ** p < 0.01, *** p < 0.001, 
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Fig. 3. Cumulated treatment response on serum lipids and 
lipoproteins following percutaneous estrogens (striped bar); 
percutaneous estrogens combined with cyclic progesterone 
(hatched bar); and placebo (open bar). Values are given as 
mean + 1 SEM and expressed in percent of initial values. 
Significance of difference from the placebo group: ** p< 
0.01, *** p < 0.001. 


hours of administration,” and a large part of the es- 
tradiol is converted to estrone in the gastrointestinal 
tract. Binding of estrone in mouse liver has been 
shown to be greater than that of estradiol," and estrone 
has been found to be twice as active as estradiol on rat 
hepatocytes.” Therefore it might be hypothesized that 
the high estrone levels, which are a consequence of 
hepatic extraction after ora] administration, might re- 
sult in a greater stimulation of the liver. This would 
induce changes in lipoprotein metabolism of greater 
magnitude and with a shorter time course than similar 
doses of percutaneous estrogens, in which absorption 
is slow and initially bypasses the liver and in which the 
estradiol/estrone ratio remains within the premeno- 
pausal range. 
Cyclic addition of a progestogen is recommended for 
postmenopausal estrogen replacement therapy, since it 
reduces the risk of endometrial hyperplasia’? and neo- 
plasia. Unfortunately, some progestogens have been 
found to affect serum lipids adversely,* although these 
actions depend on the type and dose of the implicated 
progestogen, as well as on the concomitant use of es- 
trogen.® In the present study, addition of 200 mg of 
micronized progesterone did not alter the estrogenic 
effect on serum lipoproteins. However, our study de- 
sign does not allow us to determine whether the 
changes in serum lipids during the second year of treat- 
ment are caused by the continuous administration of 
estradiol or by the addition of progesterone. However, 
the findings agree with previous studies on micronized 
progesterone, indicating that progesterone does not 





e es not adversely atte lipopro- 
té EEN The dose of 200 mg of progesterone 
induced regular withdrawal bleedings in 70% of the 
: hormone-treated women compared to 10% during the 

l ‘year with percutaneous estrogens alone. Twelve women 
did not experience bleeding during the estrogen mono- 
therapy, and in five women, bleeding did not occur 
after the addition of progesterone. A recent study re- 
ported a similar frequency of bleeding, and 200 mg of 

_ micronized progesterone taken orally for 10 days was 

_ found to induce significant biochemical and morpho- 

~ logic effects on the endometrium. These findings, 
plus the fact that progesterone was administered for 
12 days in each cycle during the present study, suggest 
that adequate protection of the endometrium was ob- 
tained during the combined therapy. 

We conclude that percutaneous administration of es- 
trogen produces changes 1n total serum cholesterol and 
LDL cholesterol similar to those observed with oral es- 
trogens. However, the magnitude and time course of 
the response seem to be modulated by the route of 
administration. Addition of oral micronized progester- 
one does not influence the beneficial actions of estro- 
gen on serum lipids and lipoprotems and seems to 

_ be a proper “progestogen” in percutaneous estrogen 
therapy. 





We wish to thank Laboratories Besins Iscovesco for 
supplying the Oestrogel cream, Utrogestan capsules, 
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z Jse of the urinary director appliance for management of 








voiding problems after radical vulvectomy 


< Karen L. Ilika, M.D., and Patrick Duff, M.D. 


Tacoma, Washington 


2 This case report describes the use of a simple appliance for the control of the urinary stream in four 
_ patients who experienced difficulty voiding after radical vulvar surgical procedures. (Am J OBSTET GYNECOL 


~ 4987:156:72-3.) 


Key words: Vulvectomy, urinary stream, funnel 


Certain patients may experience voiding problems 
after radical genitourinary surgical procedures. We re- 
cently evaluated four women who complained of per- 
_ sistent deviation of the urinary stream after radical vul- 
o vectomy. The resulting problem was that of urine 
spraying out between the top of the toilet bowl and the 
toilet seat. To our knowledge, this phenomenon has 
not been previously described. 


Methods 

The Sani-Fem Urinary Director (Sani-Fem, Downey, 
California) is sold as an aid for women who backpack. 
Its purpose is to allow women to urinate in the standing 


_. position without disrobing. The appliance is an ellip- 


tically shaped plastic funnel measuring approximately 
5 inches in its longest diameter. The elliptical opening 
is held against the perineum. An outflow spout located 
at one end of the ellipse directs the urine stream away 
from the user (Fig. 1). We offered this device to four 


patients who complained of uncontrolled spraying of 


-urine when voiding after radical vulvar surgical pro- 
cedures. 


Results 
-The first patient to try this device was a 63-year-old 
woman who had undergone a radical vulvectomy for 
malignant melanoma 18 months before our evaluation. 
She underwent an anterior repair 6 months after vul- 
vectomy because of symptoms of stress urinary incon- 
tinence. At the time of evaluation she was again having 
incontinence symptoms as well as difficulty in directing 


= the ‘urine stream. She used the funnel device while 


-awaiting further operation. After experimenting with 
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Fig. 1. The Sani-Fem Urinary Director. 


various positions, she found that the device worked best 
for her in the sitting position with the spout directed 
posteriorly. She subsequently underwent a suprapubic 
urethropexy and scar revision of the perineum, re- 
sulting in improvement of her symptoms. 

Our second patient was a 61-year-old woman who 
began to spray urine after a radical vulvectomy and 
radiation therapy for squamous cell carcinoma. She de- 
scribed her difficulty as being intermittent and used the 
funnel most often when away from home. She was quite 
satisfied with this solution and had been using it for 18 
months. 

Our third and fourth patients underwent radical vul- 
vectomy for Stage I] squamous cell carcinoma of the 
vulva. Both patients developed the problem of spraying 
urine in the immediate postoperative period. One used 
the urinary director successfully while still in the hos- 
pital. She subsequently has had less need for it. The 
other patient, a 51-year-old businesswoman, tried the 
device and found that it contained the spray of urine 
well. However, she discovered that a disposable plastic 
bag over her hand provided an inexpensive and con- 
venient shield that served the same purpose. For her 
lifestyle this innovative alternative proved to be more 
acceptable. | 












‘Although not previously described, the problem of 
postoperative spraying of urime is probably quite com- 
= mon after radical vulvar operation. The onset of this 
problem may be in the immediate postoperative period 
or it may be delayed. It causes a great deal of distress 
for certain patients. Physicians need to be aware of and 








inquire about its occurrence. The Sani-Fem Urinary 
Director is an inexpensive (approximately $9) and eas: 
ily used device that avoids the need for internal instru- 
mentation and the resultant risk of infection. In se- k 

lected patients, it presents an attractive alternative to : : 
further operation. Patients who may benefit from its = 
use should be made aware of its availability. 











Liposarcoma presenting on the vulva 


John J. Brooks, M.D.,* and Virginia A. LiVolsi, M.D. 


Philadelphia, Pennsylvania 


A myxoid liposarcoma of the vulvar perineum in a 15-year-old girl is described. The tumor recurred as a 
poorly differentiated round cell liposarcoma and resulted in the patient's death. Clinicians and pathologists 
should be aware that this tumor may rarely present on the vulva. (Am J OpsteT Gynecol 1987;156:73-5.) 


Key words: Vulva, sarcomas, liposarcoma 


During an analysis of all of our vulvar soft tissue 
tumors, we encountered an exceptional case that was 
not originally recognized. A myxoid liposarcoma pre- 

eh ‘senting on the vulva is reported. Wide local excision 
_. and postoperative radiotherapy may have been curative 
in this initially low-grade sarcoma. Since this lesion may 
mimic other soft tissue tumors, it is important that its 
rare occurrence on the vulva be recognized. 





Case report 

A 15-year-old white girl complained of a large mass 
in the grom, in December 1975. Physical examination 
disclosed a 6.5 cm protrusion on the vulvar perineum. 
Encroachment on the posterior vagina and anterior 
portion of the rectum was noted on internal exami- 
nation. The initial clinical diagnosis was soft tissue sar- 
coma. An 18 cm tumor was completely removed at 
operation through an abdominoperineal approach. At 
first, the lesion was misdiagnosed as a cellular neuro- 
fibroma, and no further therapy was given. 

Twenty months later, in August 1977, the tumor re- 
curred as an 1] cm mass in the adjacent tissues of the 
left posterior medial thigh. At this time the initial tissue 
was reviewed and the diagnosis changed to a low-grade 
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myxoid liposarcoma. Small, widely scattered cells were ` 
present in a myxoid-ground substance with an accom- 
panying capillary network (Fig. 1). Only a rare mitotic: 
figure was noted and the tumor contained no evidence T 
of necrosis or pleomorphism. In contrast, the recur- oy 
rence was a high-grade sarcoma with abundant mitoses, `. 
marked cellularity, necrosis, and nuclear pleomor- ` 
phism with tumor giant cells (Fig. 2). S 

After the recurrence, the patient was given chemo-. i 
therapy to no avail. The patient died of disease 31 
months after presentation, of local disease and rena 
failure. There was no clinical evidence of metastatic 
disease at the time of death. No autopsy was performed. E 


Comment ae 

Liposarcoma is one of the most common soft tissue. 
sarcomas of adults. The majority of cases occur on the 
lower extremities, particularly the thigh; the retroperi- 
toneum is also a frequent location. Although liposar- = 
coma has been reported in unusual locations, there ` 
appear to be no reports of its presentation on the vulva, 
nor are there vulvar cases. contained within larger series 
on liposarcomas. The only previous reference to this — 
topic is that by Gompel and Silverberg,’ who referred 
to a single case of liposarcoma occurring on the vulva; 
no clinical or pathologic details were provided. 

It is debatable whether the tumor described here 
arose in the soft tissues of the vulva and grew. ‘in yos 
to involve the pelvis or originated as a primary pelvic 
liposarcoma. The bulk of the tumor was found. to be: k 
in the pelvis at initial ope ic m. However, the. pattern mo 
of recurrence is certainly unusual for a pr imary pelvi ac 
sarcoma, since recurrent ase w would be expected to. 
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Fig. 1. Initial excision. A loose myxoid stroma with a delicate capillary network (right) supported 
uniform spindled cells with occasional vacuoles consistent with a low-grade liposarcoma. 





Fig. 2. Recurrence. The increased cellularity and scattered pleomorphic cells (center) mark this 


sarcoma as a high-grade round cell liposarcoma. 


occur more superiorly within the retroperitoneum. In 
this case the tumor recurred on the left posterior me- 
dial thigh directly adjacent to the vulva. This pattern 
of recurrence favors the concept of a primary vulvar 
neoplasm. 

Another unusual aspect of this case was the patient’s 
age. Liposarcoma is a tumor of adults with a peak in- 
cidence between the fifth and seventh decades. Rare 
cases of childhood liposarcoma have been reported and 
two age peaks in the pediatric population may be seen; 
one at 2 years of age and the other in the early second 
decade (13.5 years).? Interestingly, there is a female 
predominance. The location of these pediatric tumors 
essentially parallels that in the adult. Seventy-six per- 
cent of the reported cases had myxoid histologic fea- 


tures, as in our case. In contrast to adults, children 
appeared to have a more favorable prognosis; the over- 
all survival was 80% in those patients followed up for 
at least 18 months.” 

Our case, apparently the first well-documented vul- 
var liposarcoma, was initially misdiagnosed. The low 
degree of cellularity, the uniform nature of the cells, 
and the lack of a prominent mitotic rate were misin- 
terpreted as indicating a benign neurofibroma, a much 
more common vulvar tumor. However, these features 
as well as the prominent capillary vascular network are 
classic for the low-grade myxoid type of lposarcoma. 
One can only speculate that, had the correct diagnosis 
been made, radiotherapy may have prevented local re- 
currence and resulted in a long-term disease-free in- 
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terval. It is hoped that this report will call attention to 
the occurrence of this low-grade sarcoma on the vulva 
so that such confusion can be avoided in the future. 


We would like to thank Dr. Arthur S. Patchefsky of 
Thomas Jefferson University Hospital for submitting 
the case in consultation with Dr. Horatio T. Enterline. 


Vulvar liposarcoma 
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Serum CA-125 antigen levels increase during menses 


Donald E. Pittaway, M.D., Ph.D., and Jamil A. Fayez, M.D. 


Winston-Salem, North Carolina 


Serum A-125 antigen levels were measured by radioimmunoassay before and during menses in women 
with and without endometriosis. Mean CA-125 levels were significantly increased in both groups during 
menses. Samples obtained during menses represent a potential source of elevated levels and false 


positive results. (AM J OssteT GYNECOL 19B87;156:75-6.) 


Key words: CA-125 antigen, endometriosis, menstrual cycle 


CA-125 is a membrane antigen that is elevated in the 
serum of approximately 82% of women with epithelial 
ovarian carcinomas’ and is mildly elevated in some 
women with endometriosis.’ While evaluating CA-125 
levels in infertile women, we observed higher levels 
than expected when the samples were drawn during 
menses. Consequently, we evaluated CA-125 levels be- 
fore and during menses. 


Methods 


Sera from 20 infertile women in whom samples were 
available before (cycle days 23 to 26) and during (cycle 
days 2 to 4) menses were analyzed retrospectively. All 
women had ovulatory cycles and were not receiving 
infertility therapy when samples were obtained. The 
women were divided into a nonendometriosis group 
and an endometriosis group (revised American Fertility 
Society classification, 1985) at a subsequent laparoscopy 
performed as part of the infertility evaluation. The 
mean ages (+SEM) of the two groups were 29.5 + 0.9 
for the group without endometriosis and 29.3 + 1.1 
for the group with endometriosis and were not statis- 
tically different. The etiologies of infertility in the 
group without endometriosis were tubal (five women), 
adhesions (two women), male factor (one), and unex- 
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Fig. 1. Serum CA-125 levels before and during menses in 
women without endometriosis (n = 9) and with endometriosis 
(n = 11). The mean + SEM values are indicated below each 


group. 


plained (one). CA-125 was measured in the serum with 
a solid phase radioimmunoassay according to the man- 
ufacturer’s instructions (Abbott Laboratories, North 
Chicago, Illinois). A determination of the serum B-sub- 
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unit of human chorionic gonadotropin (Clinetics Cor- 


poration, Tustin, Califcrnia) was performed on each ` 


sample to exclude an occult pregnancy. The data were 
evaluated by paired and unpaired : tests. 


Results 


As shown in Fig. 1, the mean CA-125 levels were 
significantly higher during menses in both the group 
without endometriosis (p < 0.02) and the group with 
endometriosis (p < 0.05). In both groups, all CA-125 
levels before menses were less than 65 U/ml. In the 
group without endometriosis one of nine women (11%) 
and in the group with endometriosis four of 11 women 
(36%) had CA-125 levels >65 U/ml during the menses. 


Comment 


In 988 nonpregnant patients attending a gyneco- 
logic clinic, 11 (1.1%) hac elevated CA-125 levels (>65 
U/ml).* Since a large proportion, of these patients 
(n = 652) were presenting for an annual checkup and 
since women nearly always arrange a gynecologic visit 
while not menstruating unless vaginal bleeding has 
been a problem, most of the women in that series would 
not be expected to be menstruating. 
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In the present study of a selected group of infertile 
women, a higher CA-125 level was observed during 
menses, and five of 20 women (25%) had elevated levels 
(>65 U/ml) during but not before menses. An increase 
in CA-125 levels during menses has also been observed 
in rhesus monkeys with and without endometriosis.’ We 
conclude that CA-125 determinations performed dur- 
ing the menses, particularly in women with endome- 
triosis, represent a source of higher values and false 
positive results. 


REFERENCES 


1. Bast RC Jr, Klug TL, St John £, et al. A radioimmunoassay 
using a monoclonal antibody to monitor the course of ep- 
ithelial ovarian cancer. N Engl J Med 1983;309:883. 

2. Barbieri RL, Bast RC, Niloff JM, Kistner RW, Knapp RC. 
Elevated serum concentrations of CA-125 in patients with 
advanced endometriosis. Fertil Steril 1986;45:630. 

3. Niloff JM, Knapp RC, Schaetzl E, Reynolds C, Bast RC Jr. 
CA-125 antigen levels in obstetrics and gynecologic pa- 
tients. Obstet Gynecol 1984;64:703. 

4, Pittaway DE, Klimek M, Koritnik DR. CA-126 antigen in 
rhesus monkeys with spontaneous endometriosis. Fertil 
Steril (in press). 





Advanced ultrasonic placental maturation in twin pregnancies 


G. Ohel, M.D., M. Granat, M.D., D. Zeevi, M.D., A. Golan, M.D., Sh. Wexler, M.D., 


M. P. David, M.D., and J. G. Schenker, M.D. 


Jerusalem and Tel Aviv, Israel 


The mean length of twin pregnancies is shorter than that of singleton pregnancies. The possibility that the 
shorter gestation of twins is associated with advanced fetal maturational changes was studied in relation to 
placental maturation. For this purpose, the sonographically determined placental gradings of 158 twin 
pregnancies and 474 singleton pregnancies were compared at different gestational ages. The percent 
distributions of placental grades, from | to Ill, were significantly different throughout the third trimester, with 
a preponderance of Grade Hl placentas in the twin group (p < 0.001). Considering the reported association 
of Grade Ili placentas with advanced gestation as well as fetal lung maturity, the present study suggests 
earlier maturational changes in twin fetuses compared with singleton fetuses. (Am J OBSTET GYNECOL 


1987;156:76-8.) 


Key words: Sonographic placental maturation, twin pregnancies 


Advances in ultrasonic imaging have enabled the 
characterization of placental restructuring throughout 
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gestation. A grading system, from 0 to 3, has been 
proposed to describe placental maturational changes,' 
and these have been correlated to fetal pulmonary ma- 
turity. 

Since normal twin gestations are commonly shorter 
than singleton pregnancies,’ it may be anticipated that 
maturational processes, including those involved in fe- 
tal lung development, occur at an earlier gestational 


age in twins than in singleton fetuses. The present study 


has attempted to investigate this possibility by compar- 
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twin and singleton pregnancies, compared at 


different gestational ages (p < 0.001 for all age groups). 


Table I. The percent distribution of placental grades in twin and singleton pregnancies 






- Tuans 


Placental Grade (%) 
No. of 
patients 
21 


Weeks’ 





38-40 0 - 23.8 76.2 - 
35-37 44 9.1 31.8 59.1 
32-34 37 32.4 40.6 27 
29-3] 35 42.9 42.9 14.2 
26-28 13 61.5 38.5 0 
95-95 8 87.5 12.5 0 


ing the sonographic placental grading at different 
gestational ages in both twin and singleton preg- 
nancies. | a 


Material and methods 


A retrospective analysis was carried out on records 
of routine real-time ultrasonic examinations of twin 
and singleton pregnancies. In all studied cases, the ges- 
tational ages were known through the “last menstrual 
period” or early ultrasound examinations. Cases were 
omitted when discrepancies of more than 2 weeks were 
noted between the clinical and sonographically deter- 
mined gestational ages. Also not considered were cases 
with medical or obstetric complications. A total of 158 
twins were studied, each with one ultrasonic exami- 
nation, at gestational ages that ranged from 23 weeks 
to term. For each twin pregnancy, three consecutively 
performed ultrasound examinations of singleton preg- 
nancies, matched for gestational age, served as controls. 

Ultrasound examinations were performed with the 
use of linear array real-time scanners with 3.5 MHz 
transducers. Placental maturation was evaluated with 
the use of the grading classification of Grannum et al.' 






Singletons 


Placental Grade (%) 
No. of 





63 0 63.5 36.5 <0.01 
132 15.2 58.3 96.5 <0.001 
111 42.3 53.2 4.5 <0.001 
105 66.7 33.3 0 <0.001 
"39 74.4 25.6 0 NS 

24 100 0 0 NS 


Where an equivocal grading was given, the more ad- 
vanced grade was assigned to that case. 

The x’ test was used to analyze the difference in the 
distribution of placental Grades I to IH at the different 
gestational ages in the two study groups. A logistic 
regression analysis, with the Bio Medical Program Lo- 
gistic Regression (BMDPLR) computer program, was 
used to demonstrate the difference between singleton 
and twin pregnancies with regard to the proportion of 
cases with Grade III placentas at the different gesta- 
tional ages. | 


Results 


The percent distribution of placental gradings, from 
I to HI, in the twin and singleton pregnancies ts shown 
in Table I. From 29 weeks to term the percent distri- 
bution of placental gradings showed a statistically sig- 
nificant difference when the two groups were com- 
pared, with a preponderance of Grade II placentas in 
the twin group. No differences were apparent at the 
earlier gestational ages of 23 to 28 weeks. 

The proportion: of Grade III placentas in the twin 
and singleton groups is shown in. Fig. 1. 
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While the proportion of Grade III placentas was in- 


creased with advancing gestation in both groups, it was ` 


significantly greater in the twins at each gestational age 
group from 29 weeks to term (p < 0.001). 


Comment 


The key finding of this study is the demonstration 
of an advanced sonographic maturation of twin pla- 
céntas as compared with singleton placentas. Grade II] 
placentas were first noted in twins‘of 29 to 31 weeks’ 
gestation, while this grade was absent in singleton preg- 
nancies of comparable gestational ages. Thereafter, at 
each 3-week interval to term, Grade III placentas were 
significantly more common in twins compared with sin- 
gletons (p < 0.001). 

Previous studies have demonstrated that the placenta 
undergoes a series of progressive morphologic changes, 
observed by ultrasonography, and these are related to 
gestational age and fetal lung maturation.'* That ges- 
tational age is not the only determinant of placental 
grading is well illustrated by our finding of a more 
advanced placental maturation in twins compared with 
singletons of similar gestational ages. This may point 
to a difference in the rate of maturation dynamics of 
twins and singletons. In this respect, our findings are 
in accord with, and complementary to, a recent study 
of the amniotic fluid lecithin/sphingomyelin ratio, 
which demonstrated fetal lung maturation to occur sev- 
eral weeks earlier in twins compared with singletons.’ 
A possible explanation of the observed differences in 
placental maturation may be related to the different 
intrauterine growth pattern of singleton and twin fe- 
tuses.” The altered growth potential of twins may par- 
allel the situation of growth retardation in singleton 
fetuses. It has been suggested that intrauterine growth 
is an important determinant of sonographically diag- 
nosed placental maturity and that for the small fetus a 
mature (Grade III) placeta is significantly. associated 
with growth retardation.’ 

Inthe case of singleton pregnancies, it is very unlikely 
for a neonate to develop hyaline membrane disease in 
the presence of a Grade III placenta near term.'! Nev- 
ertheless, this view is not shared by all, and one report 
has concluded that placental grading is not accurate 
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enough to replace amniocentesis as the standard test 
of fetal pulmonary maturicy.? As the presence of a 
Grade III placenta is affected by both gestational age 
and pregnancy complications,* ° at least in a subgroup 
of preterm complicated pregnancies, sonographic 
grading of the placenta as Grade III may still be as- 
sociated with hvaline membrane disease.'° With this in 
mind and until data that correlate placental grading of 
twins with hyaline membrane disease become available, 
it would seem unjustified in twin pregnancies to rely 
solely on placental grading as an indicator of fetal pul- 
moriary maturity. 


We thank Mr. Israel Einot of the statistical consul- 
tation service at the Hebrew U niversity, Mount Scopus, 
Jerusalem, Israel. l 
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Antenatal sonography of fetal malformations associated with 


drugs and chemicals: A guide 


Gideon Koren, M.D., A.B.M.T., Machelle Brille Edwards, M.D., and Murray Miskin, M.D. 


Toronto, Ontario, Canada 


A guide presented in this article provides the sonographer with a list of fetal malformations that have been 
described in association with specific drugs or chemicals and that can be visualized by current 
ultrasonographic-techniques. (AM J. OBSTET GYNECOL 1987;156:79-85. ) 


Key words: Ultrasonography, fetal malformations, teratogens 


Since the thalidomide disaster in the 1950s, an in- 
creasing number of drugs and chemicals have been 
incriminated ds causing teratogenicity or fetal toxicity. 
As the majority of pregnant women are exposed to at 
least one medication during pregnancy either before 
or after realizing they are pregnant,’ the need to de- 
termine the relative risk that a certain agent will cause 
malformations is of utmost importance. 

Data on chemically induced teratogenic risk are de- 
rived from animal studies, human case reports, or ep- 
idemiologic studies. While such information is essential 
for assigning a relative risk to a potential teratogen, it 
may be of little help for medication in a specific casé. 
Sonography has emerged as a powerful tool for ante- 
natal detection of fetal anomalies. It is conceivable 
therefore that more and more pregnant women ex- 
posed to drugs and chemicals will be referred for di- 
agnosis of or to rule out malformations associated with 
these agents. Currently, pregnant women who attend 
our Motherisk Clinic for antenatal counseling of drug- 
chemical exposure are scheduled for a level 2 sono- 
graphic evaluation at 17 to 18 weeks of gestation. 

The guide aims at providing the sonographer with 
a practical list of malformations that have been de- 
scribed in association with specific drugs or chemicals. 


Methodologic considerations 


Two groups of agents are ‘included. (1) Common 
drugs and chemicals’ that ‘have been associated with 
malformations are listed. In many cases the incrimi- 
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nating data are controversial; hence the inclusion of a 
certain malformation in this guide by no means sug- 
gests that we are convinced that the agent is a teratogen. 
Because of the heterogeneity of the data, the source of 
information is mentioned (for instance, case reports, 
retrospective or prospective studies). (2) Drugs and 
chemicals that have been proved beyond doubt as te- 
ratogens are listed. | 

Table I (see pagés 80-85) includes only malformations 
that can be visualized by current ultrasonographic tech- 
niques and cannot be used as a complete list of drug- 
induced teratogenicity. The data in this guide have 
been extracted from currently available literature.'* 

Certain points with respect to the ultrasound ex- 
amination itself should be stressed. It is probably best 
carried out by a physician ultrasonographer who has 
had significant experience in looking at fetuses. A very 
meticulous technique and high-resolution real-time 
equipment should be used. The examination is best 
recorded on videotape so that it can be reviewed as 
needed. A great deal of patience is required in this type 
of study, especially when one is examining the face, 
digits, and heart. At the outset of the examination it 
should be explained to the patient that the examination 
may take some time to complete and that more than 
one sitting may be required. 
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Table I. Common drugs and chemicals described in association with fetal malformations, only some of which 


are established teratogens 


Drug 
Acetaminophen 
(overdose) 
Acetazolamide 
Acetylsalicyclic 
acid 
Albuteral 
Alcohol Microcephaly 
Amantadine 
Aminopterin* Meningoencephalocele, hydro- 
cephalus, incomplete skull 
ossification, brachycephaly, 
anencephaly 
Amitriptyline 
Amobarbital Anencephaly 
Antithyroid 
drugs* 
Azathioprine* 
Betamethasone Reduced head circumference 
Bromides 
Busulfan 
Caffeine 
Captopril 
Carbon Cerebral atrophy, hydro- 
monoxide* cephalus 
Carbamazepine Meningomyelocele 
Chlordiaze- Microcephaly 
poxide 
Chloroquine 
Chlorphen- Hydrocephalus 
iramine 
Chlorprop- Microcephaly 
amide 
Clomiphene Meningomvelocele, hydro- 
cephalus, microcephaly, 
anencephaly 
Codeine Hydrocephalus 
Cortisone Hydrocephalus 
Coumadin* Encephalocele, anencephaly, 
spina bifida 
Cyclophos- Tetralogy of Fallot 
phamide* 
Cytarabine* Anencephaly 
Daunorubicin* Anencephaly 
Dextroam- Exencephaly 
phetamine 


Intracranial hemorrhage 


Fetal tachycardia 


Single ventricle with pulmonary 
atresia 


Congenital heart malformations 


Pulmonary valvular stenosis 


Atrial septal defect, patent duc- 
tus arteriosus 


Congenital defects of heart 


Congenital cardiac defects 


Ventricular septal defect, coarc- 
tation of aorta 
Congenital heart disease 


Tetralogy of Fallot 


Tetralogy of Fallot 
More cardiac defects than con- 
trols, atrial septal defect 


Skeleton 


Sacrococcygeal teratoma 


Short nose, hypoplastic maxilla, 
micrognathia, occasional fea- 
tures of skeleton 


Hypoplasia of thumb and fi- 
bula, clubfoot, syndactyly, 
hypognathia 


Micrognathia 


Musculoskeletal defects 


Nose hypoplasia, hypertelorism 


Musculoskeletal malformations 


Nasal hypoplasia, scoliosis, 
skeletal deformities 


Flattened nasal bridge 





Since only malformations that can be visualized by current ultrasonographic techniques are listed, the guide cannot be used as 
a complete list of drug-induced teratogenicity. CR = Case reports; RS = retrospective studies; PS = prospective studies; 
AS = animal studies. l 


*Proved to be teratogenic. 
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Extremities 


Limb reduction, swelling of 
hands and feet 

Severe limb deformities, 
congenital hip disloca- 
tion, polydactyly, 
clubfoot 


Polydactyly 


Polydactyly, clubfoot, con- 
genital dislocation of hip 


Leg reduction 


Congenital hip dislocation 


Polydactyly, congenital dis- 
location of hip 

Dysmorphic hands and 
fingers 

Syndactyly, clubfoot, poly- 
dactyly 


Dislocated hip 
Clubfoot 


Stippled epiphysis, chon- 
droplasia punctata, short 
phalanges, toe defects 

Four toes on each foot, hy- 
poplastic midphalanx, 
syndactyly 

Lobster claw of 3 digits, 
missing feet digits, syn- 
dactyly 

Syndactyly 
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Oral cleft 


Pyloric stenosis, 
cleft palate 


Cleft lip 


Duodenal atresia 


Esophageal 
atresia 


Pyloric stenosis, 
oral cleft 


Cleft lip 


Incomplete rota- 
tion of gut 


Urinary retention 


Intersex 


Hydronephrosis 


Polyhydramnios 


Growth retardation 


Growth retardation 


Soft tissue defor- 
mity of neck 


Goiter 


Microphthalmia, 
growth retar-’ 
dation 


Sullbirth 


Hemihypertrophy 


Respiratory mal- 
formations 


Growth retarda- 
tion, bleeding 


Growth retardation 


CR 


continued 
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Drug 
Diazepam 


Diphenhy- 
dramine 
Disulfiram 


Diuretics 


Estrogens 


Ethanol* 


Ethosuximide 
Fluorouracil 


Fluphenazine 


Haloperidol 
Heparin* 


Hormones, 
proges- 
togenic 

Imipramine 


Indomethacin 


Isoniazid 
Lithium 


Lysergic acid 
diethylamide 

Meclizine 

Meprobamate 


Methotrexate* 


Methyl 
mercury” 
Metronidazole 
Nortriptyline 
Oral contra- 
ceptives 


Parameth- 
adione 

Penicillamine 

Phenobarbital 


Phenothiazines 


Phenylephrine 


Phenylpro- 
panolamine 
Phenytoin* 
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Spina bifida 


Microcephaly 


Hydrocephalus 


Anencephaly, hydrocephalus 


Exencephaly 


Meningomyelocele 
Hydrocephalus, meningo- 
myelocele 


Hydrocephalus, encephalo- 
cele, meningomyelocele 


Oxycephaly, absence of frontal 
bone, large fontanelles 

Microcephaly, asymmetric 
head 


Meningomyelocele, hydro- 
cephalus, anencephaly 


Hydrocephalus, meningo- 
myelocele 


Microcephaly 


Microcephaly, wide fontanelles 


More cardiac defects than 
controls 


Congenital cardiac malfor- 
mation 

Ventral septal defect, atrial sep- 
tal defect, double outlet of 
right ventricle, pulmonary 
atresia, dextrocardia, patent 
ductus arteriosus, tetralogy 
of Fallot 


Tetralogy of Fallot, truncus ar- 
teriosus, ventral septal defect 


Ventral septal defect, Ebstein’s 
anomaly, mitral atresia, pa- 
tent ductus arteriosus, dex- 
trocardia 


Hypoplastic left heart 
Congenital heart malformations 


Dextrocardia 


Cardiac anomalies 


Tetralogy of Fallot 


Ventral septal defect 


Congenital heart malformation 
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Skeleton 


Vertebral fusion 


Short nose, hypoplastic phil- 
trum, micrognathia, pectus 
excavatum, radioulnar synos- 
tosis, bifid xyphoid, scoliosis 


Short neck 


Poor ossification of frontal 
bone 


Spina bifida 


Spina bifida 


Hypoplastic mandible 


Midline facial defects 


Vertebral malformations 


Eye and ear abnormalities 
Pectus excavatus 


Rib-sternal abnormalities, short 
nose, broad nasal bridge, 
wide fontanelle, broad alveo- 
lar ridge, short neck, hyper- 
telorism, low-set ears 
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Extremities 


Absence of arm, syndac- 
tyly, absence of thumbs 

Clubfoot 

Clubfoot, radial aplasia. 
phocomelia 


Limb reduction 


Radial aplasia, absent 
thumbs 


Limb deformities 


Absence of thumbs 


Limb reduction 


Phocomelia 


Limb deficiencies 


Bilateral defects of limbs 


Long webbed fingers 


Limb reduction 
Limb reductton 


Digital anomalies 


Syndactyly, clubfoot 


Syndactyly, clubfoot, con- 
genital dislocation of hip 

Polydactyly, congenital dis- 
location of hip 

Hypoplastic distal pha- 
langes, digital thumb, 
dislocated hip 


Gastrointestinal 


Cleft lip-palate 
Cleft palate 


Tracheoesoph- 
ageal fistula 


Oral cleft 


Oral cleft 
Aplasia of esoph- 
agus and duo- 


denum 
Oral cleft 


Cleft palate 


Tracheoesoph- 
ageal malfor- 
mations 


Pyloric stenosis 
Cleft palate, ileal 
atresia 


Omphalocele, ab- 
dominal dis- 
tention 

Umbilical hernia 


Cleft palate-lip 
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Renal cystic degeneration 


Respiratory mal- 
formations 


Growth retarda- 
tion, diaphrag- 
matic hernia 


Hypoplasia of 
lungs 


Bleeding 


Diaphragmatic 
hernia 

Stillbirth, hem- 
orrhage 


Respiratory defects 


Growth retarda- 
tion, low-set ears 


Growth retardation 


Growth retardation 


Growth retardation 

Growth retarda- 
tion, pulmonary 
hypoplasia 


Growth retardation 





Source 
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Polychlorinated 
biphenyls* 
Primidone 
Procarbazine* Cerebral hemorrhage 
Quinine Hydrocephalus 


Retinoic acid* 


Spermicides 
Sulfonamide 


Tetracycline 
Thalidomide* 
Thioguanine 
Tobacco 


Tolbutamide 


Trifluoperazine 


Trimeth- 
adione* 
Valproic acid* 


Hydrocephalus, microcephaly 


Microcephaly 


Lumbosacral meningomyelo- 
cele, microcephaly, wide 
fontanelle 


Ventral septal defect 


Congenital heart defects 


Various congenital heart 
defects 


Congenital heart malformations 


Transposition of great arteries 

Atrial septal defect, ventral sep- 
tal defect 

Tetralogy of Fallot 
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Skeleton 


Spotted calcification in skull, 
fontanelle and sagittal 
suture 

Webbed neck, small mandible 


Facial defects, vertebral 
anomalies 

Malformations of cranium, ear, 
face, ribs 


Spine malformation 


Low-set ears, broad nasal 
bridge 

Depressed nasal bridge, hypo- 
plastic nose, low-set ears, 
small mandibles 


Volume 156 Sonography of fetal malformations and teratogens 85 
Number 1 l 


Stillbirth, growth PS 
retardation 
RS 
CR 
Oligodactyly CR 
Dysmelias CR 
Limb deformities Sullbirth RS 
PS 
Limb reduction RS 
Hypoplasia of limb or part Urethral obstructions PS 
of it, foot defects 
Hypoplasia of limb or part CR 
of it, clubfoot PS 
Limb reduction (amelia, Duodenal steno- Microtia RS 
phocomelia), hypoplasia sis or atresia, PS 
i pyloric stenosis 
Missing digits CR 
Growth retardation PS 
RS 
Finger-toe syndactyly, ab- CR 
sent toes, accessory 
thumb 
Phocomelia CR 
Malformed hands, clubfoot Esophageal Growth deficiency CR 
i atresia PS 


Oral cleft Growth deficiency CR 


Fryns syndrome: A predictable, lethal pattern of multiple 


congenital anomalies 


Arnon Samueloff, M. D., Daniel Navot, M.D., Arie Birkenfeld, M. D., and 


Joseph G. Schenker, M.D. 
Jerusalem, Israel a 


Fryns syndrome is a unique pattern of lethal multiple congenital malformations with variable expression. A 
family in which all four sibs conformed to Fryns syndrome is detailed and substantiates the criteria for 
definition of the syndrome; perinatal mortality, hypoplastic lungs, and facial deformities should be h ghly 
suggestive of the syndrome. The acdition of a strong family history, diaphragmatic hernias, distal limb 
deformities, and early onset of polyhydramnios with subsequent premature delivery should definitely 


confirm the diagnosis. (AM J ORSIET GYNECOL 1987;156:86-8.) 


Key words: Fryns syndrome, multiple congenital anomalies, hypoplastic lungs, distal limb 


malformation, n deformities 


Recently a new lethal autosomal recessive syndrome 
of multiple congenital anomalies, with familial occur- 
rence, has been defined.'* In 1979, Fryns et al.' re- 
ported an instance of two female sibs with a unique 
malformation pattern including multiple facial anom- 
alies, diaphragmatic defects, hypoplastic lungs, and dis- 
tal limb deformities. Later the same group added an 
additional case with a similar pattern.” Lubinsky et al.* 
contributed two additional cases and termed the mal- 
formation pattern Fryns syndrome. Recently we en- 
countered a family in which all four sibs conformed 
to Eryns syndrome, the last of which was diagnosed 
in utero. 

The four additional cases of Fryns syndrome are re- 
ported in order to further delineate the variability 
within the syndrome. The extended series establishes 
a malformation pattern that, together with the strong 
family history, should alert the perinatologist for à pos- 
sible recurrence. 


Family history 

The parents were healthy, unrelated Sepharadic 
Jews, aged 31 and 28 years. The mother had had five 
pregnancies; in one, spontaneous abortion occurred 
during the first trimester, while four pregnancies ad- 
vanced into the third trimester of gestation. All four 
were complicated by the early onset of polyhydramnios 
and terminated in premature deliveries of three boys 
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and a girl who had the mzjor characteristicis of Fryns 
syndrome and died shortly after birth. Table I details 
pregnancy and delivery characteristics of the four sib- 
lings, as well as major anomalies according to the sys- 
tems affected. The four rnost consistent findings are 
polyhydramnios, facial deformities, diaphragmatic her- 
nia, and hypoplastic lungs. 

Prior to the last pregnancy, a search for possible eti- 
ologic factors of the recurrent malformation pattern 
was performed: glucose tclerance test, Sabin-Feldman 
test, karyotyping of both parents, VDRL test, and an- 
ticytomegalovirus antibodies gave no clue as to a pos- 


‘sible cause. The last pregnancy was uneventful until 


the twenty-sixth week, when rapidly advancing poly- 
hydramnios was detected. The volume of amniotic fluid 
stabilized toward the twenty-ninth week, after repeated 
amniocenteses. Ultrasonography revealed sonolucent 
areas adjacent to the fetal heart, a picture consistent 
with dilated loops of bowel inside the thoracic cavity. 
In the thirty-first week of gestation, after premature 
rupture of the membranes and in view of a previous 
cesarean section, a repeat cesarean section was per- 
formed. A 2000 gm female infant with multiple con- 
genital anomalies was delivered (Fig. 1, A and B). The 
infant died within a few minutes after delivery. Autopsy 
revealed multiple facial defects, agenesis of the dia- 
phragm, bilaterally atrophic kidneys, distal limb defor- 
mities, and some other anomalies detailed in. Table I. 


Comment 


Up to now, five cases of Fryns syndrome have been 
reported in the literature: the present series adds four 
additional cases. The marxed variability within the syn- 
drome necessitates the description of each and every 
affected fetus until final criteria are set up for definition 














Fig. 1. The propositus with Fryns syndrome. Cleft palate, micrognathia, retrognathia, coarse facies, 


and smal! thorax are evident. 


Table L. Details of pregnancy, fetal anomalies, and outcome in five reported c 


the additional four cases of the present series 








Fryns et al, 
1979 






Polyhydramnios + + + 
Gestational age at onset of 24 29 <28 
polyhydramnios 
Gestational age at delivery (wk) 28 29 32 
Fetal weight at delivery (gm) 1200 1600 360 
Family history + + ~ 
Fetal anomalies 
Perinatal mortality + + + 
Lung hypoplasia F + + 
Diaphragmatic defect + + + 
Coarse facies + + + 
Broad nasal bridge fe S + 
Cleft palate + ~ + 
Micrognathia, retrognathia T $ + 
Cloudy cornea + + ~ 
Small thorax + + - 
Hypoplastic nipples + + + 
Distal limb hypoplasia + + + 
Genital anomalies + ~ + 
Kidney anomalies ~ — ~ 
Karyotype of fetus 46,XX% 46,NX 
Sex of fetus Female Female Female 





of the syndrome. We have compiled in Table I all the 
. malformations encountered in the nine reported cases, 
| “as well as pregnancy and delivery characteristics. Cases 
Nos. 3, 6, and 9 conform: to the original pattern de- 
ibed by Fryns et alt Cases 1 and 2). Our two ad- 
ynal cases (Nos. 7 and 8) are concordant i in the early 
1 of polyhydramnios, premature delivery, and the 
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a Perinatal mortality 
Lung hypoplasia 9 
..... Facial deformations 

+. Family history 
- Diaphragmatic defects 
-. Distal limb hypoplasia 

~ Early onset of polyhydramnios 
Premature delivery. 
“> Genital anomalies 

©- Hypoplastic nipples 

Cloudy cornea 

Coo Small thorax 
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| j : the nine cases. The uniformly reported perinatal mor- 
tality, hypoplastic lungs, and facial deformities should 
__ be highly suggestive of Fryns syndrome. A strong fam- 
ily history, diaphragmatic hernias, distal limb defor- 
~ mities, and early onset of polyhydramnios with subse- 
quent premature delivery should probably be added as 
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ure of ae of the ducts, aaa of the tube, and 
absence of tubal segments. Ectopic pregnancy in het- 
er topic fallopian tubes is extremely rare." 
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“Jater she had. continue 
pain and complained ofh 
tbe vagina. Physical ex 





minimal criteri ia o the defi 
(Table H). w ae 

The information now available shead suffice for the a 
prediction of the syndrome in future sibs. A thorough 
prenatal evaluation by ultrasonography, with or with- 
out amniography, may detect the polyhydramnios, dia- 
phragmatic hernia, hypoplastic lungs, renal anomalies, 
and distal limb anomalies. A positive prenatal diagnosis 
may influence clinical decision making as to the route 
and timing of delivery. 


REFERENCES 


l. Fryns JP, Moerman F, Goddeeris P, Bossuyt C, Van den 
Berghe H. A new syndrome with cloudy cerneae diaphrag- 
matic defects and distal limb deformities. Hum Genet 
1979;50:65. 

2. Goddeerts P, Fryns JP, Van den Berghe H. Diaphr agmatic 
defects, craniofacial dysmorphism, cleft palate and distal 
limb deformities—a new lethal syndrome. ] Genet Hum 
1980;28:57. 

3. Lubinsky M, Severn C, Rapoport JM. Fryns syndrome: A 
new variable muluple congenital anomaly (MCA) syn- 
drome. Am | Med Genet 1983:14:461. 





 Unruptured pregnancy in a heterotopic fallopian tube: 
_ Evidence for transperitoneal sperm migration 


: "Charles Brown, M.D., William E. LaVigne, M.D., and Santiago L. Padilla, M.D. 


vase o of an unruptured pregnancy in a heterotopic left fallopian tube isolated from a unicornuate uterus 
vith a normal contralateral tube and ovary is presented. The corpus luteum of pregnancy was in the left 
ovary. This case provides supportive evidence for transperitoneal sperm migration. (AM J OBSTET GYNECOL 


K eats Ectopic pregnancy, miillerian anomaly, sperm migration 


A case of an unruptured pregnancy in a heterotopic 
fallopian tube associated with a unicornuate uterus is 
presented. It provides evidence for the phenomenon 
of transperitoneal sperm migration. 


Case presentation | 

A 24-year-old primigravid woman presented at 7 
weeks’ menstrual age with mild vaginal bleeding. She 
had had a positive human chorionic gonadotropin ra- 
dioreceptor assay approximately 2 weeks earlier. On 
examination, the abdomen was soft and there was a- 
small amount of br ight red blood i 
Bimanual examination revealed 
uterus and no palpable 









in. 1 the: yogina ke oe 








Fig. 1. A, Diagram of intraoperative findings. B, 
lopian tube and ovary. Part of the heterotopic left fallopian tube is seen (arrow). C, Heterotopic 
fallopian tube with a corpus luteum (arrow). D, A small gestational sac in the ampulla of the het- 


erotopic tube. 


changed except for increased tenderness of the uterus 
and adnexa. An ultrasound examination revealed an 
empty uterus, a left-sided complex mass posterior to 
the uterus, and fluid in the cul-de-sac. A serum tter of 
the B-subunit of human chorionic gonadotropin was 
147 mIU/ml. A culdocentesis produced 22 ml of bright 
red nonclotting blood. 

The patient's past medical history was significant for 
having had a left inguinal hernia repaired 6 months 
before admission. 

At laparotomy, a slightly enlarged hemiuterus was 
noted (Fig. 1). The right fallopian tube, round liga- 
ment, broad ligament, and ovary appeared to be nor- 
mal. A heterotopic left fallopian tube and ovary were 
found attached to the pelvic sidewall. This fallopian 
tube was 4 to 5 cm in length and consisted of an ampulla 
and a well-developed fimbriated end. The ampulla was 
distended and active bleeding from the fimbriated end 
was noted. Careful exploration failed to disclose any 
connection between the heterotopic fallopian tube and 
the uterus. The left fallopian tube was resected and the 
left ovary, which contained the corpus luteum, was left 
intact. The tube was opened and it contained a gesta- 
tional sac. Microscopic examination of the tube re- 
vealed a hematosalpinx and ghost villi. Several mult- 
nucleated cells typical of syncytiotrophoblast were seen. 
The postoperative course was essentially uneventful. A 
postoperative pyelogram showed absence of the left 
kidney and collecting system. 


Comment 
Our case is unique because the heterotopic fallopian 
- tube that contained the ectopic pregnancy was located 


atthe pelvic brim and was associated with a unicornuate - 


uterus. ‘There also was absence of rudimentary horns 


and: broad or round ligaments on the side of the het- 





The unicornuate uterus with a normal right fal- 


to identify any intrauterine anomalies. Hysterography 


‘Pregnancy in heterotopi 


erotopic tube. Dabby and Nardone’ reported a rup- 


tured ectopic pregnancy in a fallopian tube found: late 
eral to the ascending colon. The uterus was su pposedly oe 


normal and the position of the ovary was not clear. 
Szlachter and Weiss’ reported unilateral, segmental ab- 
sence of a tube that contained an ectopic pregnancy 
associated with a bicornuate uterus. 

This case illustrates interesting anatomic and physi- 


ologic features of the female genital tract. In addition, — ce 
it demonstrates the phenomenon of transperitoneal | mi- $ a 
gration of sperm. For pregnancy to have occurred m i. $ 
the heterotopic left fallopian tube, sperm must have — a 
traversed the uterus and the right tube and crossed the A 


peritoneal cavity. 

The association of uterus unicornis and agenesis of 
the contralateral kidney has been documented, In con- 
sidering malformations of the female reproductive sys- 
tem one must appreciate their frequent association with 


defects of the urologic system. This relationship is easy 


to understand when one considers that embryologically 
the urinary and genital tracts have extremely close or- | 
igins. At the sixth week of development the miillerian — 
cleft appears between the lateral and the medial or 
gonadal portion of the urogenital ridge. The subse- 
quent development of the miillerian system is closely 
related to the wolffian system. Major urimary tract 
anomalies have been found in a significant number of 
patients with imperfect miillerian duct development 
and vice versa. The importance of evaluating the urk 
nary tract when clinicians encounter miillerian anom- 
alies is emphasized. 

A hysterogram should be obtained in these patients — 


was not performed in this patient because she conceived 




















: ier Ao This pregnancy, however, 
a, ended with an intr auter ine fetal death of un- 
_ known ¢ cause at 30 weeks’ gestation. 
© = In summary, this case demonstrates an unusual con- 
2 eae anomaly consisting of a unicornuate uterus with 
ed. heterotopic left fallopian tube and a normal right tube 
~~ and ovary. The left tube was not connected to the uterus 
and was attached to the left ovary by the fimbria ovarica. 
‘This tube contained an unruptured ectopic pregnancy, 
which provides supportive evidence for the phenom- 








suspected appendicitis 


Los Angeles, California 


Its use in women of reproductive age 





enon of anpe itoneal sperm migrati rhe lett ki 
ney and collecting system failed to develop, emphasiz- 
ing the importance of evaluating the urinary tract when 
miillerian anomalies are encountered. 


REFERENCES 


I. Dabby V, Nardone R. Ruptured ectopic pregnancy in an 
ectopic tube. J Fla Med Assoc 1977;64:809. 

2. Szlachter N, Weiss G. Distal tubal pregnancy in a patient 
with a bicornuate uterus and segmental absence of the fal- 
lopian tube. Fertil Steril 1979;32:602. 





Laparoscopy—A diagnostic aid in cases of 


Nick M. Spirtos, M.D., Scott M. Eisenkop, M.D., Tanya W. Spirtos, M.D., 
Raymond I. Poliakin, M.D., and Lester T. Hibbard, M.D. 


__. In women of reproductive age the usefulness of laparoscopy in diagnosing acute appendicitis was 
ne = evaluated. Eighty-six women underwent diagnostic laparoscopy. There was complete visualization of the 
ee appendix in 93% of the patients. Twenty-two patients were spared laparotomy. In the nonpregnant 


- patients, salpingitis was the disease most often confused with appendicitis. Eighty-five percent of the 
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_. Key words: Pregnancy, ectopic, laparoscopy 


~ Acute appendicitis is one of the few surgical diseases 
encountered in which a correct preoperative diagnosis 

is not mandatory. Negative laparotomy rates (the per- 
: centage of laparotomies resulting in the removal of a 
“normal appendix) average 15% to 20% and are con- 
~ sidered acceptable.” However, in women of reproduc- 
3 ive. age the negative laparotomy rate approaches 


eo From the Department of Obstetrics and Gynecology, University 

cae i of Southern California School of Medicine, Women’s Hospital, 

Los Angeles County—University of Southern California Medical 

Center, 
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7 k patients with salpingitis had the onset of symptoms within 14 days of the last menstrual period, whereas 
S acute appendicitis was found in 86% of the patients with the onset of symptoms >14 days after the last 
| -menstrual period. The onset of symptoms relative to the first day of the last menstrual period differed in 
, k . -these two groups of patients (p < 0.01). Patients who were spared unnecessary laparotomy had 

_. significantly diminished hospital stays (p < 0.001). Laparoscopy was found to be a safe and effective way 
to diagnose acute appendicitis in women of reproductive age, and its liberal use is recommended. (Am J 


40%. The differential diagnosis between inflamma- 
tory disorders of the female genital tract, appendicitis, 
torsion of adnexal structures, and other conditions re- 
mains a challenge. In addition, removal of a normal 
appendix is not without risk; complications include 
wound infection, pneumonia, peritonitis, pelvic ab- 
scess, paralytic ileus, bowel obstruction, deep vein 
thrombosis, infertility, and death.”'* Recent reports 
suggest that laparoscopy can significantly reduce the 
negative laparotomy rate associated with the diagnosis 
and treatment of acute appendicitis." ” This study re- 
ports the experience of the gynecology service at Los 
Angeles County~University. of Southern C alifornia 
Medical Center in the use of laparoscopy for eoi 
in cases of suspected appendicitis. E i 










a _ Material and methods 
: „Ninety-four women underwent laparoscopy to rule 
: out appendicitis at Los Angeles County—University of 
© Southern California Medical Center from 1974 to 
1983. A two-puncture technique performed by resident 
and/or staff physicians was used. (Thirteen of the 94 
patients were pregnant in the first trimester.) Eighty- 
six charts were reviewed for menstrual and contracep- 
tive history as well as chief complaints, physical find- 
ings, and laboratory analysis. Eight charts were un- 
available for review. All microscopic specimens were 
reviewed by one of us. (Statistical comparison was done 
with use of x’, Student’s ¢ test and Rankit analysis.) 


Results 

Fighty-six women between 16 and 42 years of age, 
with a median age of 21 years, presented with a chief 
complaint of abdominal pain. The differential diag- 
noses included appendicitis, salpingitis, pyelonephritis, 
torsion of the adnexa, ectopic pregnancy, and early 
intrauterine pregnancy complicated by acute appen- 
dicitis. Previously, because the diagnosis of appendicitis 
was considered, laparotomy would have been per- 
formed in all of these patients. Instead, laparoscopy 
was performed initially followed by laparotomy if in- 
dicated. Of the 86 patients, 80 had satisfactory lapa- 
roscopy (93%) in that visualization of the pelvic viscera 
and the entire appendix was possible. 

Six laparoscopies were unsatisfactory; in these six 
patients the appendix could not be entirely visualized. 
In four instances the appendix could not be visualized 
because of the presence of pus and dense adhesions 
from ruptured appendices. In one instance the appen- 
dix could not be visualized because of the presence of 
a 200 ml spillage from a ruptured endomeirioma. In 
the final instance the surgeon could not induce a pneu- 
moperitoneum. 

Of the 80 patients with satisfactory laparoscopy, 56 
were thought to have acute appendicitis, 17 salpingitis, 
one a ruptured corpus luteum cyst, one a fecalith, and 
five were thought to have no pathologic condition pres- 
ent (Table I). Appendicitis was confirmed histologically 
in 51 patients; 47 correctly diagnosed at the time of 
laparoscopy and four diagnosed at the ume of lapa- 
rotomy following unsatisfactory laparoscopy. The nine 
patients whose diagnosis of appendicitis was incorrect 
at the time of laparoscopy were retrospectively diag- 
nosed as having salpingitis, based on concurrent find- 
ings of both an inflammatory exudate on the fallopian 
tubes as well as the appendix and a histologic diagnosis 
of periappendicitis. Seventeen patients had a correct 
diagnosis of salpingitis at the time of laparoscopy as 
© well as another 10 patients following laparotomy. These 

patients included the nine patients with salpingitis and 





Diagnostic aic 


Table I. Laparoscopic and final diagnoses 














Final 
diagnosis (n) 


Laparoscopic 


diagnosis (n) 


Acute appendicitis 56 


51 
Salpingitis 17 27 
Ruptured corpus luteum cyst l l 
Mesenteric addenitis 0 l 
Ruptured endometrium l i 
Fecalith l l 
No pathologic findings 5 4 
Unsatisfactory be 0 
Total 86 86 


*Four patients had unsatisfactory laparoscopy with appen- 
dicitis; one patient had failed laparoscopy. 


Table II. Presenting clinical data 
(nonpregnant patients) 


Patients with Palini with. | 


appendicitis salpingitis: 

Median age (yr) 2] aa 

Range 16-42 (15-36) 
Nausea and vomiting (%) 80 72 
Anorexia (%) 89 85 
Obstipation (%) 18 20 
Temperature 100.6° 101° 

Median range 98.0-103.2 98-102 
White blood count 14,300 12,600 

Range (8,200-25,000) (6,800-23,500) 
Total no. of patients 5] 27 





concurrent periappendicitis and one patient who unm- ~ 


derwent laparotomy when the surgeon could not in- 
duce a pneumoperitoneum (Table 1). Of the five pa- 


tients who were thought to be disease-free at the time 
of laparoscopy, only one underwent laparotomy. Based 
on this patient's history, findings at exploratory lapa- 


rotomy, and histologic review, a diagnosis of mesenteric 
adenitis was made. One patient had a ruptured corpus 
luteum cyst. Another patient was found to have a di- 
lated appendix with multiple large fecaliths, and a final 
patient had a ruptured endometrioma. 
Twenty-two patients underwent successful laparos- . 

copy with visualization of the entire appendix and pel- _ 
vic viscera, and laparotomy was avoided by confirma- 


tion of a nonsurgical diagnosis. Seventeen of these pa- 
tients were found to have acute salpingitis. One patient 


was noted to have a ruptured corpus luteum cyst, and 


in four instances, no findings requiring laparotomy < 


could be found at laparoscopy (Table I). All left the 
hospital with resolution of their physical findings and 
symptoms, and none later required surgical. inter- 
vention. 


The clinical presentations of the nonpregnant pa- ee 
tients were remarkably similar. As in other series, sal- 


pingitis was the condition most often confused with 
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Patients with 
salpingitis 


; k Patients with 
appendicitis 






Menstrual: pattern 


Normal 26 20 
Abnormal 1] 5 
Total 37 25% 

Contraception 
Oral contraceptives 6 6 
Intrauterine device 6 5 
Bilateral tubal ligation l l 
None 24 12 
37 24 





*Data not available on all patients. 


l Table IV. Onset of symptoms from last 
e o period (nonpregnant patients; 
Mae a 





<- No. of 
=. patients 





























29 23 25 4 





a *Dates of last menstrual period not available for two 
neng 


_appendicitis.** There was no remarkable physical find- 
ing, symptom, or laboratory test that proved to be of 
value i in differentiating acute appendicitis from salpin- 
gitis. The percentage of patients in each group found 
‘to have a history of significant nausea and vomiting, 
anorexia, or obstipation for >24 hours was calculated 
(Table H). There was no significant difference between 
<o the salpingitis and appendicitis groups. The median 
E age of the patients with appendicitis and salpingitis was 
QF and 22 years old, respectively. The groups were 
~ remarkably similar in terms of menstrual patterns and 
< contraception (Table IH). Only when the onset of 
“symptoms was compared to the first day of the last 
menstrual period did the two groups significantly dif- 
+ the patients with acute appendicitis were distrib- 
ed equally throughout the menstrual cycle whereas 
“most patients with salpingitis (85%) had their symptoms 
begin within 2 weeks of the last menstrual period 
+ (p <0. 01). Patients with the onset of symptoms at >14 
days after the last menstrual period had acute appen- 
E: dicitis: 86% of the time (Table IV). 

as Thirteen patients had positive pregnancy tests and 
were i in their first trimester. In addition to menstrual 
histories signifi ant for amenorrhea, the histories and 
-physical 1 findings of the ] pregnant patients in this series 
ae were simila te non] egnant patients. All 13 ap- 

















Table V. enn ospitali ca 


Procedure 









Laparoscopy only $ 
Laparoscopy-laparotomy 14 5.7 + 2.6 
with removal of nor- 
mal appendix 
Laparoscopy-laparotomy 5] 6.2°4 3.3 
with removal of in- 
flamed appendix 


















Table VI. Complications 


Complications 


Final diagnosis 





Appendectomy 

Wound infections 4 Appendicitis (3); normal 

appendix (1) 

Pelvic abscess 2 Appendicitis 

Pulmonary embolism | Appendicitis 

Heus 1 Appendicitis 
Laparoscopy 

None 





pendices were visualized; 12 were found to be acutely 
inflamed and one was normal. There were no maternal 
complications in this group and no fetal losses occurred. 
The patients with histologic confirmation of appen- 
dicitis had an average hospital stay of 6.2 + 3.3 days 
(Table V). This is identical to the group of patients who 
underwent diagnostic laparoscopy and appendectomy 
with the removal of a normal appendix (5.7 + 2.6 
days). However, in those patients where laparoscopy 
prevented laparotomy, the average hospital stay was 
3.8 + 2.5 days, a significant decrease in hospitalization 
(p < 0.001). There were no complications among the 
patients spared laparotomy, but eight complications oc- 
curred in patients who required laparotomy (Table VI). 
It should be noted that seven of these eight patients 
did have acute appendicitis and needed laparotomy. 
There were no deaths in either group. 


Comment 


Recently three studies reported the use of laparos- 
copy in the diagnosis of acute appendicitis.* |"? In 1979 
the retrospective study of Leape and Ramenofsky™ in- 
cluded 32 pediatric patients, the negative laparotomy 
rate was 12%, and six patients were spared laparotomy. 
There was one false negative laparoscopy. This patient 


developed increasingly severe peritoneal signs; appen- Tee 
was con- -oo 







dectomy was performed- and appendicitis 
firmed histologically. In 1982 hetal’ 
tively performed lapa os 
18 and 50) years sof ag 















4%, and 12 patients (33%) were spared laparotomy. 

ere were no false-negative laparoscopies in this 

study. Leape and Deutsch were able to significantly re- 

duce their negative laparotomy rates by using laparos- 

-copy as a diagnostic aid. 

In 1980 Jersky et al.” prospectively performed lap- 

-aroscopy on 27 patients. After classification of patients 

into three groups (likely to have appendicitis, unlikely 
to have appendicitis. and uncertain), appendectomy 
was performed. Nineteen of the 27 patients were clas- 
sified as unlikely to have appendicitis or had uncertain 
diagnoses. Twelve of these 19 patients had acute ap- 
pendicitis, and thus Jersky et al. concluded laparoscopy 
would not improve their negative laparotomy rate. 
These results are so different from the above-men- 
tioned studies, as well as our own, that further discus- 
sion is warranted. Although Jersky et al. classified pa- 
tients as having an uncertain diagnosis if (1) the ap- 
pendix was incompletely visualized (eight patients), (2) 
the appendix was normal and no other pathologic con- 
dition was identified (three patients), or (3) the appen- 
dix and other pelvic organs were concurrently inflamed 
(two patients), they did not state why the appendices 
were incompletely visualized or why patients with no 
evident pathologic condition were categorized into the 
uncertain group, and they did not describe what they 
considered coexistent salpingitis and appendicitis. 
Since this information is not provided, we feel it is not 
possible to evaluate Jersky et al.’s study and compare 
it to the results of others. 

Unlike Jersky et al., who were unable to entirely vi- 
sualize eight of 27 appendices (33%), we had little dif- 
ficulty visualizing the appendix. Eighty of 86 patients 
(93%), including 13 pregnant patients, had appendices 
that were entirely visualized. Other than our one tech- 
nical failure, all patients whose appendices could not 
be visualized ultimately proved to have surgical con- 
ditions; four had acute appendicitis, and one had a 
ruptured endometrioma. The diagnositc problems we 
encountered when the entire appendix was completely 
visualized were decisions regarding which organ was 
primarily affected when there was concurrent salpin- 
gitis and periappendicitis. In nine such patients, a re- 





view of the operative reports revealed that, in spite of 


the presence of gross pus exuding from inflamed fal- 
lopian tubes, a concerned surgeon decided to perform 

an appendectomy. The nine patients had only periap- 
pendicitis. Jersky et al. had two somewhat similar pa- 
tients, and both of their patients had acute appendicitis. 
Thus it is somewhat difficult to wholeheartedly advo- 
cate abandoning appendectomy in such cases. In spite 

. -of the misdiagnosis in nine such cases, we were still able 
wie te halve our negative laparotomy rate by adding lap- 
| _ aroscopy to our diagnostic armamentarium. In all, 22 





patients were spared laparotomy. Perhaps as more data 
are gathered and more experience gained with use of 
laparoscopy as a diagnostic aid, laparotomy in similar 
cases will be avoided. | 

Another group of patients who presented special di- 
agnostic problems were those presenting with lower 
abdominal pain, questionable uterine enlargement and 
a positive pregnancy test. Differential diagnoses in- 
cluded ectopic pregnancy, early intrauterine pregnancy 
with appendicitis or torsion of an adnexal structure, 
pyelonephritis, or a rupture of a corpus luteum cyst. 
Physical examinations in these patients were usually 
unproductive, since abdominal guarding often prë- 
vented an accurate assessment of uterine size and the 
adnexal structures, A correct diagnosis in this groupof 
patients is critical because complications following ae 
misdiagnosis include maternal and fetal deat 
Since we had only 13 pregnant patients in our s : 
and all were in the first trimester, it is difficult to ad- 
vocate laparoscopy in all pregnant patients. However, - : 
with the use of open laparoscopy, even patients with © 
advanced gestations could undergo laparoscopy. ae 

Other benefits of laparoscopy include decreased 
postoperative complications, shortened hospital stays, _ 
and a better selection of abdominal incisions. In the ~ 
literature, 15% of patients whose normal appendix is. 
removed by laparotomy develop significant postoper- 
ative complications such as pneumonia, intestinal ob- 
struction, stress ulceration, ileus, peritonitis, pelvic ab- 
scess, deep vein thrombosis, wound infection, and a 
death. 7°" In addition, pregnant patients have an in- . od 
creased risk of spontaneous abortion. On the other 
hand, laparoscopy is associated with 1% to 2% post- ie 
operative complications.” ® Laparoscopy reduces the ` 
length of hospital stay and provides the surgeon with — 
information that can be used in selecting the location 
of the abdominal incision when laparotomy proves nec- 
essary. If acute appendicitis is diagnosed, a muscle-split- 
ting incision can be made in the best location. A prop- 
erly placed incision is particularly important in the 
pregnant patient in whom exposure can be especially 
troublesome, 

Not only is laparoscopy in experienced hands usually 
safe and simple, but as a diagnostic procedure, it has 
proved to be quite valuable. In our series of 86 patients, 
the negative laparotomy rate was 19%; if laparoscopy 
had not been performed, the negative laparotomy rate 
would have been 41%. Therefore we recommend lap- 
aroscopy to rule out appendicitis in women of repro- 
ductive age. When the onset of symptoms is <14 days 
after the last menstrual period, laparotomy can often 
be avoided. With patients whose symptoms begin after 
14 days from the last menstrual period, use of lapa- 
rotomy, without laparoscopy, cannot be criticized. Since 


































e groups using paroscopy have been able to de- 
their negative laparotomy rate to as low as 5%, 
still recommend laparoscopy in these patients. In 
the pregnant patient, laparoscopy also proved a valu- 
able diagnostic aid, and we recommend its liberal use 
to further reduce negative laparotomy rates. Only 
rhen the entire appendix is visualized should laparos- 
copy be called satisfactory. 

=o ein summary, although these data were collected and 
-analyzed retrospectively, valuable clinical information 
` -was acquired. First, it is apparent that, with experienced 
`: laparoscopists, adequate visualization of the appendix 
is possible in most patients (93%). In those patients 
; “where visualization was not adequate, significant patho- 
~~ logic conditions requiring laparotomy proved to be the 
“reason visualization was not possible. Second, our in- 
_stitution’s negative laparotomy rate was significantly re- 
3 duced from 41% to 19% by use of laparoscopy. This 
oS ostudy was not prospectively designed, but there are 
a. historic controls that have consistently documented 
negative laparotomy rates of 40% for women in the 
reproductive age group. This, as it happens, is almost 
identical to what ours would have been if laparoscopy 
had not been performed on our patients. Although 
rere i is some selection bias on our study population, it 
is difficult to conclude that we are overstating the ben- 
it of laparoscopy in the differential diagnosis of ap- 

pendicitis from salpingitis. Third, it is interesting to 
note that, as suspected, salpingitis develops much more 
commonly early in the menstrual cycle. In fact, only 
fourof 29 (13%) of the patients with the onset of symp- 
toms more than 14 days after the last menstrual period 
ad salpingitis. With the above guidelines and use of 
the laparoscope, surgeons and obstetricians-gynecolo- 









































gists sshould Be abie. to sig nificantly r 
arotomy rates in diagnosing women with suspected a 








pendicitis. 


. Deutsch AA, Zelikovsky A 
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ae Warning 
"ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. Three independent case 
1 control studies have shown an increased risk of endometrial cancer in 
| postmenopausal women exposed to exogenous estrogens for 
_ prolonged periods. This risk was independent of the other known risk 
factors for endometrial cancer. These studies are further supported 
by the finding that incidence rates of endometrial cancer have 
increased sharply since 1969 in eight different areas of the United 
States with population-based cancer reporting systems, an increase 
which may be related to the rapidly expanding use of estrogens 
during the last decade. The three case contro! studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both 
duration of treatment and on estrogen dose. In view of these findings, 
when estrogens are used for the treatment of menopausal symptoms, 
the lowest dose that will control symptoms should be utilized and 
medication should be discontinued as soon as possible. When 
prolonged treatment is medically indicated, the patient should be 
reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered prelimi- 
nary, one study suggests that cyclic administration of low doses of 
estrogen may carry iess risk than continuous administration: it there- 
fore appears prudent to utilize such a regimen. Close clinical surveil- 
iance of all women taking estrogens is important. in ail cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic measures should be undertaken to rule out 
| malignancy. There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at equiestro- 
genic doses. 
| 2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
| The use of female sex hormones, both estrogens and progestogens, 
| during early pregnancy may seriously damage the offspring. It has 
been shown that females exposed in uterc to diethylstilbestrol, a non- 
steroidal estrogen, have an increased risk of developing in later life a 
| form of vaginal or cervical cancer that is ordinarily extremely rare. 
- This risk has been estimated as not greater than 4 per 1000 expo- 
_ Sures. Furthermore, a high percentage of such exposed women (from 
‘|. 30.to 90 percent) have been found to have vaginal adenosis, epithe- 
1) lial changes of the vagina and cervix. Although these changes are 
| histologically benign, it is not known whether they are precursors of 
} malignancy. Although similar data are not available with the use of 
other estrogens, it cannot be presumed they would not induce similar 
| changes. Several reports suggest an association between intrauter- 
< | ine exposure to female sex hormones and congenital anomalies, 
-4 including congenital heart defects and limb reduction defects. One 
_-| case control study estimated a 4.7-foid increased risk of limb reduc- 
|. tion-defects in infants exposed in utero to sex hormones (oral contra- 
ceptives, hormone withdrawal tests for pregnancy, or attempted 
__ | treatment for threatened abortion). Some of these exposures were 
| very short and involved only a few days of treatment. The data 
| ‘suggest that the risk of limb reduction defects in exposed fetuses is 
4. somewhat less than 1 per 1000. In the past, female sex hormones 
i have been used during pregnancy in an attempt to treat threatened or 
habitual abortion. There is considerable evidence that estrogens are 
- ineffective for these indications, and there is no evidence from well 
‘| controlled studies that progestogens are effective for these uses. If 
ESTRACE® (estradiol) is used during pregnancy, or if the patient 
| becomes pregnant while taking this drug, she should be apprised of 
_ | the potential risks to the fetus and the advisability of ile 
<- | continuation. 


indications: Tablets: Moderate to severe vasomotor symptoms associ- 
ated with the menopause (There is no evidence that estrogens are effec- 
-tive for nervous symptoms or depression which might occur during 

_ menopause, and they should not be used to treat these conditions.): 
atrophic vaginitis; kraurosis vulvae; female hypogonadism; female 
‘castration; primary ovarian failure; breast cancer (for palliation only) in 

.. appropriately selected women and men with metastatic disease: prostatic 
 Carcinoma—pailiative therapy of advanced disease. Vaginal Cream: 
Atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS NOT BEEN 
SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREG- 

< NANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS 

_ (SEE BOXED WARNING). 

_ Contraindications: Known or suspected cancer of the breast, except in 
_ appropriately selected patients being treated for metastatic disease: 

_ known or suspected estrogen-dependent neoplasia; known or suspected 
pregnancy (See Boxed Warning); undiagnosed abnormal genital bleed- 
ing; active thrombophiebitis or thromboembolic disorders; a past history 
of thrombophlebitis, thrombosis or thromboembolic disorders associated 
with previous estrogen use (except when used in treatment of breast or 
prostatic malignancy}. 

<- Warnings: Estrogens increase the risk of carcinoma of the endometrium 
{See Boxed Warning). Prescribe cautiously in women with a strong family 
- history of breast cancer or with breast nodules, fibrocystic disease, or 






\CE (estradiol) 











































A  rerrverethertrrrean rename RaPALYRAA HOLA AN AWA LAAAlrrby PLEO AAAA AAAA AAAA rrara AAAA aana nn Wien, 





abnormal mammograms. A 2- to n: f surgic y: oe 
confirmed gallbladder disease ha been reported inwomen receiving - 
postmenopausal estrogens. There is an increased risk of thrombosis in 
men receiving estrogens for prostatic cancer and women for postpartum 
breast engorgement. If feasible, estrogen should be discontinued at least 
4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. Estro- 
gens shouid not be used in persons with active thrombophlebitis or 
thromboembolic disorders or (except in treatment of malignancy) with a 
history of such disorders in association with estrogen use; they should be 
used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large 
doses (5 mg conjugated estrogens per day}, comparabile to those used to 
treat cancer of the prostate and breast, have been shown to increase the 
risk of nonfatal myocardial infarction, pulmonary embolism, and thrombo- 
phlebitis; when estrogen doses cf this size are used, any of the thrombo- 
embolic and thrombotic adverse effects associated with oral 
contraceptives should be considered a clear risk. Hepatic adenomas 
should be considered in estrogen users having abdominal pain and 
tenderness, abdominal mass, or hypovolemic shock. Increased blood 
pressure occurs with use of estragens in the menopause, and blood pres- 
sure should be monitored, especially with high doses. Diabetic patients 
should be carefully observed for decreased glucose tolerance. Estrogens 
may lead to severe hypercalcemia in patients with breast cancer and 
bone metastases: if this occurs, the drug should be stopped and appro- 
priate measures taken to reduce the serum caicium level. 

Precautions: Generai—A complete medical and family history should be 
taken prior to initiation of therapy. Pretreatment and periodic physical 
examinations should include special reference to blood pressure, 
breasts, abdomen, and peivic organs, and should include a Papanicolaou 
smear. As a general rule. estrogen should not be prescribed for longer 
than one year without another physical examination. Conditions influ- 
enced by fluid retention, such as epilepsy, migraine, and cardiac or renal 
dysfunction, require careful observation. Undesirable manifestations of 
excessive estrogenic stimulation, such as abnormal or excessive uterine 
bleeding, mastodynia, etc, may develop. Patients with a history of 
depression should be carefully observed. Pre-existing uterine leiomyo- 
mata may increase in size during estrogen use. Pathologists should be 
advised of estrogen therapy when relevant specimens are submitted. If 
jaundice develops, discontinue use while cause is investigated. Adminis- 
ter with caution in patients with impaired liver function, metabolic bone 
diseases associated with hypercalcemia, or renal insufficiency and in 
young patients with incomplete bone growth. The following endocrine and 
liver function tests may be affected by larger estrogen doses: increased 
sulfobromophthalein retention; increased prothrombin and factors VII, 
VIH, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability; increased thyroid binding globulin (TBG) 
leading to increased circulating total thyroid hormone, as measured by 
PBI, T4 by column, or T4 by radioimmunoassay; free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unal- 
tered; impaired glucose tolerance: decreased pregnanediol excretion: 
reduced response to metyrapone test; reduced serum folate concentra- 
tion: increased serum triglyceride and phospholipid concentration. 
information for the Patient—See text of Patient Package Insert. 
Pregnancy Category X—See Contraindications and Boxed Warning. 
Nursing Mothers —Administer to nursing mothers only when clearly 
necessary, 

The 2-mg tablets contain FD&C Yellow No. 5 (tartrazine), which may 
cause allergic-type reactions (including bronchial asthma) in certain 
susceptible individuals, frequently those who also have aspirin 
hypersensitivity. 

Adverse Reactions: (See Warnings regarding induction of neoplasia. 
adverse effects on the fetus, increased incidence of gall bladder disease. 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions have been 
reported: Genitourinary system —Breakthrough bleeding. spotting, 
change in menstrual flow; dysmenorrhea: premenstrual-like syndrome: 
amenorrhea during and after treatment; increase in size of uterine fibro- 
myomata; vaginal candidiasis; change in cervical eversion and in degree 
of cervical secretion: cystitis-like syndrome. Breast— Tenderness, 
enlargement, secretion. Gastrointestinal—Nausea, vomiting; abdominal 
cramps, bloating; cholestatic jaundice. Skin-Chlioasma or melasma 
which may persist when drug is discontinued; erythema multiforme. 
erythema nodosum, hemorrhagic eruption, loss of scalp hair, hirsutism. 
Eyes-—Steepening of corneal curvature: intolerance to contact lenses. 
CNS—Headache, migraine, dizziness; mental depression: chorea. 
Miscellaneous —increase or decrease in weight, reduced carbohydrate 
tolerance, aggravation of porphyria, edema, changes in libido. 

How Supplied: Tabiets, containing 1 mg (lavender) and 2 mg (turquoise) 
micronized estradiol, in bottles of 100 and compacts of 25; Vaginal 
Cream, each gram containing 0.1 mg 178-estradiol in a nonliquefying 
base containing purified water, propylene glycol, stearyl alcohol, white 
ceresin wax, glyceryl monostearate, hydroxypropyl! methylcellulose, 
sodium lauryl sulfate, methylparaben, disodium edetate, and . 
t-butylhydroquinone, in 112-oz (42.5-g) tubes with calibrated plastic 
applicator for delivery of 1,2,3, or 4.g and in 114-az (42.5-g) refill tubes. 

For Prescribing information, please see physician package insert. 
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“COMPREHENSIVE GYNECOLOGY 


R. Mishell, Jr, M.D.: and Morton A. Stenchever, M.D. 


_ innovative enough to emphasize the psychosocial treatment of your patient, with the 
J expertise to cover a full range of diseases and physical problems—this combination 
s brings you the first, all new comprehensive gynecology text in years! Comprehensive 


. discussions on: 

| * the most current treatments available 
psychosocial approaches to the troubled patient 
family planning and pregnancy termination 


rape, incest and other physical abuse 
practical gynecology information for diagnoses and treatment 
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The Key Terms and Definitions that begin each chapter and the synopsis of Key Points 
| at the end provide a quick review. Sophisticated graphics highlight pertinent data. A 

- must for the resident training or the practitioner needing a contemporary reference 

| source, it makes a great companion to your obstetric text. Written by four well-known 

. specialists who share their experience and expertise, COMPREHENSIVE GYNECOL- 


| OGY presents state-of-the-art information you'll refer to again and again. 


~ July, 1987. Approx. 1,000 pages with 800 illustrations. (Book Code: 01929) About $60.00 


(U.S.); $82.95 (Can.) 
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breast disease and sexually transmitted diseases, including AIDS in women 
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The Bacteroides fragilis group includes B. fragilis. B. distasonis, B. ovatus, 
B. thetaiolaomicron, B. vulgatus. 

The percentages displayed are a weighted average of the susceptibilities 
reported for these organisms at an MIC breakpoint of 16 meg/mL 

by the Antibiotic MIC Susceptibility Reports, National Summary, in 

The Bacteriologic Report: Volume | 1986, Totowa, NJ, BAC-DATA” Medical 
Information Systems, Inc. This average was weighted by the frequency 

of isolation of each organism. 


NOTE: in vitro activity does not necessarily imply in vivo effectiveness. 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. 


MEFOXIN is not active in vitro against most strains of 
Pseudomonas aeruginosa and enterococci (e.g., Streptococcus 
faecalis) and many strains of Enterobacter cloacae. 
Methicillin-resistant staphylococci are almost uniformly resistant 
to MEFOXIN. 
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ment has four attending physicians, rotating transitional 
residents, a certified nurse midwife, a physician's assis- 
tant, plus substantial nursing and office staffing. 

Cooperstown, on scenic Lake Otsego about 60 miles 
west of Albany, enjoys unusual recreational opportunities, 
a strong school system, and an array of cultural and 


artistic activities. The village is known for its air of history, 
museums and resort facilities. 
The medical staff is organized as a salaried group practice 
with full fringe benefits including malpractice coverage, 
generous free time, conference leave, and immediate 
annuity participation. 
Piease send curriculum vitae and correspondence to: 
Harlan D. Alpern, M.D. 

Search Committee Chairman 
The Mary Imogene Bassett Hospital 

Cooperstown, New York 13326 

telephone (607) 547-3700 
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Obstetrician 
Gynecologist 


THE MICHAEL REESE HEALTH PLAN, 

a well-established and rapidly-expanding, 

federally-qualified HMO seeks Board Cer- 
tified/Eligible Obstetrician/Gynecologists. 


THIS POSITION entails both outpatient and — 
hospital practice as well as medical students 
and house staff teaching. 


REMUNERATION is high and competitive 
with academic and fee-for-service practice 
markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send 
Curriculum Vitae in confidence to: 

Dr. Stephen Contro, Medical Director, 
MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, 
Chicago 60616 


an egual opportunity employer MYER s 











Proliferation of group B streptococci in human amniotic fluid 
in vitro 


Iffath A. Abbasi, Lieutenant Commander, MC, USNR, 

Val G. Hemming, Colonel, MC, USAF, Gary S. Eglinton, Colonel, MC, USAF, and . 
Timothy R. B. Johnson, Major, MC, USAF | | 
Bethesda, M aryland 


The group B Streptococcus is one of the most virulent organisms causing penne infection. Human 
amniotic fluid from the second and third trimesters was pooled and analyzed for. electrolytes, protein, 
albumin, zinc, inorganic phosphorus, ferritin, lysozyme, and immunoglobulins. We inoculated replicates of 
specimens with known virulent strains of group B streptococci (893, 891, and 878) and. Escherichia coli 
(C,) with Todd-Hewitt broth and normal saline solution used as controls. Group B streptococci strains 893 
and 891 proliferated rapidly at rates similar to their rates in Todd-Hewitt Broth. Strain 878 grew at a rate 
slower than that of strains 893 and 891. The amniotic fluid specimens were similar. with respect to factors 
reported as inhibitory to bacterial proliferation. Second- and third-trimester amniotic fluid supports the 
growth of group B streptococci as well as a culture medium optimized for bacterial growth. Strain-specific 
variance in group B streptococci growth rates in amniotic fluid may have clinical significance for those at 


risk for group B streptococci infection. (AM J OssteT GYNECOL 1987;156:95-9.) 


Key words: Group B streptococci, bacterial growth, amniotic fluid 


Bacterial invasion and growth in amniotic fluid play 
an important rele in infectious perinatal morbidity and 
mortality. Cattaneo! was the first to report the presence 
of antibacterial activity in amniotic fluid. Since then 
several investigators have identified a number of factors 
that have been reported to confer antibacterial prop- 
erties to amniotic fluid. However, the presence of these 
factors does not conclusively explain the antibacterial 
activity.” * Clinically, group B Streptococcus appears to be 
one of the most virulent organisms involved in perinatal 


infections. We analyzed human amniotic fluid for the 


various factors previously reported to alter its antibac- 
terial activity and then plotted i in vitro growth curves, 
during 24 hours, of known virulent strains of serotype 
III group B’streptococci (strains 878, 891, and 893) in 
the amniotic fluid. 


Material and methods 


Amniotic fluid specimens were obtained, under asep- 
tic conditions, by amniocenteses, performed either dur- 
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Table I. Comparative analysis of the factors 
reported to alter the antibacterial propeuc of 
amniotic fluid ~ 











Third- 
trimester pool 





Second-. 
trimester pool 





Sodium (mEq/L) 134 124 > 
Potassium (mEq/L) 3.8 . 3.7 
Chloride (mEq/L) 112 107 
Bicarbonate (mEq/L) 13.4 13 
Glucose (mg/100 ml) 51 36 
Calcium. (mEq/L) 7.4 6.3 
Protein (gm/100 ml) 0.4 0.4 
Albumin (gm/100 ml) 0.3 0.2 
Transferrin (mg/100 ml) 36 38.5 . 
Zinc (mg/ml) | 0.44 0.39 
Inorganic. phosphorus 14] 102 l 
(mg/ml) | i 
Zinc/inorganic phosphorus <200 <200 
(mg/ml) i 
Lysozyme (mg/ml) 5.7 173 i 
IgG Not detected Not detected 


ing the second trimester for fetal conceal analysis 
or during the third trimester for fetal lung maturation 
studies. All patients were free of infection and had 
received no medications other than prenatal vitamins 
or iron supplements. Blood- or meconium-stained fluid 
was excluded as was fluid yielding positive bacterial 
cultures. The specimens were centrifuged at 2000 rpm 
for 10 minutes at 10° C. Each specimen was filtered 
through a 0.45 um filter to remove particulate matter. 
The fluid was then stored at ~80° C until: analysis. 

All second-trimester amniotic fluid specimens were 
grouped into a single pool as were all third-trimester 
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Table II. In vitro proliferation of group B streptococci in second-trimester pooled amnictic fluid 


Proliferation (CFU/ml) 


Group B streptococci 


2.4 x 10! 1.8 x 
891 5.7 x 10 5.8 x 
893 6.2 x 10° CIX 
E. colt (Cs) ' 2.9 x 104 2.5 X 
Todd-Hewitt broth 
893 - 24 x 10' 1.7 x 
C; 2.8 x 10% 27 
Normal! saline solution i i 
893 1.6 x I 1.7 x 
C; 1.2 x 10 1.0 x 


3.6 x 10"! 1.8 x 10° 5.0 x 10° 
1.0 x 10° . 6.4 xX 10’ 24 x 108 
3.3 x 10° 7.0 x 108 6.0 x 10’ 
5.5 x 10° 1:7 x 10° 2.2 x 10° 
9.7 x 105 2.0 x 10° 1.8 x 10’ 
6.0 x 10° 3.8 x 105 3.0 x 108 
1.1 x 10° 5.1 x 10° 1.6 x 10? 
1.1 x 10! 1.6 x 101 1.3 x 103 


Table II. In vitro proliferation of group B — in third-trimester pooled amniotic fluid 


Proliferation (CFU/ml) 


Group B streptococci 


878 1.8 x 10! 2.6 X 
89] 5.2 x 10° 5.8 x 
893 l 6.0 x 10! 1.9 x 
E. coli (C;) 2.9 x 10° 2.7 x 
Todd-Hewitt broth 
893 1.0 x 101 1.9 x 
C, 2.7 x 10 1.8 xX 
Normal saline ludon l 
893 1.3 x 10! 1.8 X 
C; 1.5 x 10° 1.7 X 


10' 


10? 


10° 
10° 


10° 
10? 


10° 
10" 


3.0 x 10! 3.2 x 10° 4.8 x 10° 
9.7 x 105 4.0 x 10° 4.8 x 107 
1.6 x 106 4.0 x 10 4.2 x 108 
5.3 x 10° 4.1 x 108 1.7 x 10° 
2.8 x 10° 9.6 x 10° 1.6 x 10’ 
5.6 x 10° 3.2 x 10° 9.3 x 10° 
26x 10° 1.2 x 10° 1.0 x 10! 
1.7 x 10 5.1 x 10° 1.6 x 10° 





specimens. Amniotic fluid from each pool was cultured 
to ensure sterility and analyzed for the factors previ- 
ously reported to inhibit the bacterial growth in. am- 
niotic fluid. Measurements included the analysis of 
electrolytes, total proteins, albumin, zinc, inorganic 
phosphorus, transferrin, lysozyme activity, and im- 
munoglobulin levels. Zinc levels were measured after 
wet digestion with nitric-sulfuric acid followed by mea- 
surement by atomic absorption at 214 nm in air-acet- 
ylene flame with the use of a Perkin-Elmer atomic 
absorption instrument (Model 603, Beckman. Instru- 
ments, Inc., Fullerton, California). Extensive precau- 
tions were required to avoid contamination of the sam- 
ples by atmospheric dust, a common. source of traces 
of zinc. All glassware was washed with acid before use. 
Transferrin levels were quantitated by means of the 
single radial immunodiffusion technique previously de- 
scribed by Larsen et al.’ Lysozyme activity was mea- 
sured with a commercial assay kit (Sigma Chemical 
Company, 'St. Louis, Missouri). l 

To plot the bacterial growth curves, paired 2 ml al- 
iquots of amniotic fluid were inoculated in duplicate at 
zero time with approximately 1 x 10° CFU/ml of 
known virulent strains of serotype III group B strep- 
tococci (878, 891, and 893) and with strain C; Escherichia 


coli. Inocula were prepared by growing the group B 
streptococci to log phase (6 hours) in Todd-Hewitt 
broth, then adjus-ing the concentration to | x 10°, cfu/ 
ml, washing in sterile nonbacteriostatic normal saline 
solution, and adjusting to a concentration of approxi- 
mately 1 x 10‘ cfu/ml. Twenty microliters of the saline 
solution group B streptococci or E. colt suspensions was 
inoculated into each amniot:c fluid specimen. The 
specimens were mixed well; aliquots were removed 
for quantitative cultures and incubation was begun at 
37° C in room air. Aliquots of 2 ml of Todd-Hewitt 
broth and of normal saline solution were used as pos- 
itive and negative controls, respectively. 

Duplicate 10 pl aliquots were removed at 2, 4, 6, and 
24 hours from each specimen. After careful mixing, 
quantitative cultures were performed by successive ten- 
fold dilutions of each sample followed by inoculation 
of a measured volume of each dilution onto blood agar 
plates. After overnight incubation at 37° C, colony 
counts were performed. The resulting growth curves 
were analyzed. 


Results 


The electrolytes, glucose, calcium, and total protein 
levels were within the normal ranges and were similar 
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Fig. 1. Serotype In group B streptococci (strains 893, 891, er 878) and E. coli (strain C,) growth 
curves during 24 houirs in second-trimester human amniotic c fuid. 


in the two pools (Table I). The transferrin levels were 
similar to those previously reported for human amni- ` 
otic fluid. Inorganic phosphorus values were also sim- — | 
_ ilar in the two.pools, as were the zinc levels. The cal- 


culated ratio of inorganic phosphorus to zinc was >200. 
The lysozyme concentrations in the two pools were 
within the ranges previously reported for amniotic 


fluid. Immunoglobulin levels were not found in the- 


amniotic fuid in amounts detectable by the radial im- 
munodiffusion method. T4 

Tables II and III show the results of the assays af 
the two pools during 24 hours for serotype IlI group 
B streptococci strains 878, 891, and 893, E. coli strain 
C; in amniotic fluid, Todd-Hewitt broth, and. normal 
saline solution, and group B streptococci strain 893 in 
Todd-Hewitt broth and normal saline solution. All 
three strains of serotype III group B streptococci pro- 
liferated in amniotic Huid. The growth of 893 in am- 


niotic fluid equaled or exceeded its growth in the pos- 
itive control medium, Todd-Hewitt broth, whereas 
there was a log 1 decrease in colony-forming units per 
milliliter in the negative control, normal saline solution, 
which is not a nutrient medium. l 
Figs. 1 and 2 show a log-linear display of the growth 
curves for group B. streptococci strains 893, 891, and 
878 and E. coli C, in second- and third-trimester am- 


_ miotic fluid. Strain 893 proliferated in both the sec- 


= ond- and third-trimester pools at rates that exceeded 


its growth in Todd-Hewitt broth. Even though all three 
strains did proliferate in human amniotic fluid, they 
did so at different rates. Strain 878 did not match the 
apparently more aggressive strains 893 and 891. Fig. 2 
shows the same growth curves in third-trimester am- 
niotic fluid, thereby permitting a direct comparison of 
the three strains and once again demonstrating their 
different rates of growth in human amniotic fluid. 
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Fig. 2 Serotype II] group B Streptococci oui 893, 891, and 878) a and E. coli (strain C;) growth 
curves during 24 hours in third-trimester human amniotic fluid. 


Comment 


Group B streptococci play an important role in bac- 
terial infections of the mother and fetus. These organ- 
isms gain access to the amniotic fluid through ruptured 
or, more rarely, intact membranes and thereby present 
the fetus with a formidable-bacterial challenge.. While 
a substantial literature explores the various factors in 
amniotic fluid that impede bacterial growth, little is 
known about the influence of these factors on the pre- 
vention of the growth of group B streptococci. It has 


been reported that transferrin is capable of suppressing- 


bacterial growth. Larsen et al.* have reported levels of 
transferrin concentrations in amniotic fluid with in- 
creasing gestational ages. These values correlate well 
with the levels found in our assays. Whether the zinc 


peptide complex inhibits proliferation ‘of group B. 


streptococci in amniotic fluid in vivo is uncertain. 
 Schlievert et al.° isolated a zinc peptide complex that 
inhibits the proliferation of certain organisms in am- 
niotic fluid. They demonstrated that ratios of inorganic 
phosphorus to zinc in amniotic fluid were predictive 
of the antibacterial activity of the fluid. A ratio of 
<100 was bactericidal, a ratio of 100 to 200 was bac- 


teriostatic, and a ratio exceeding 200 was noninhibitory. 
However, these authors did not, test this ratio against 
the growth of group B streptococci in amniotic fluid. 
In the present study, the zroup B streptococcal organ- 
isms proliferated to levels exceeding 1 X 10’ CFU/ml 
in the presence of a ratio of inorganic phosphorus to 
zinc >200. 

It has long ‘been recognized that lysozymes play a 
role in host resistance. As early as 1949, Cattaneo! re- 
ported that amniotic fluid contained lysozyme-like ac- 
tivity. Since then, other authors have reported its pres- 
ence and have quantifiec its levels in amniotic fluid.” ® 
The levels obtained by our assays compared favorably 
with those reported by these authors. Since immuno- 
globulins represent an important host defense mech- 
anism in the body, their levels have been quantified and 
reported for both normal and infected amniotic fluid. 
While immunoglobulin levels were not detected by our 


assay methods, lower levels cannot be excluded by this 


study because the lower limit of detection of the assay 
was 20 mg/100 ml. 

Hemming et al.* reported the strikingly rapid pro- 
liferation of group B streptococci as compared with that 
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of E. colt in human amniotic fluid. In the present study, 
all three strains of group B streptococci proliferated 
rapidly during 24 hours, as did E. coli C;. Our growth 
curves are similar to those reported by these and other 
authors.® However, there was an interstrain variation 
in the growth curves of group B streptococci. Even 
though serotype strain 878 of III group B streptococci 
did proliferate rapidly, as previously noted, it did so at 
a rate significantly lower than that of strains 893 and 
891. Although growth curves of group B streptococci 
during 24 hours are not visually linear during the full 
24-hour period, most curves are statistically linear when 
tested by linear regression analysis, which permits their 
comparison and allows demonstration of the differ- 
ences in growth curves of the different strains in am- 
niotic fluid. This variation may possibly be due to the 
accumulation, during 24 hours, of the metabolic end 
products of the bacteria that leads to a fall in pH and 
hence a deleterious effect on the growth and prolif- 
eration of these organisms, or it may be due to the 
consumption of nutrients that are essential to the 
growth of these organisms in the amniotic fluid. 

Our preliminary data document strain-specific vari- 
ation in growth rates of group B streptococci in human 
amniotic fluid in vitro. The identification of this vari- 
ance may have important clinical significance for 
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women and neonates at risk for group B streptococcal 
infection. 
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Urinary diagnostic indices in preeclampsia-associated oliguria: 
Correlation with invasive hemodynamic monitoring 


Wesley Lee, M.D., Bernard Gonik, M.D., and David B. Cotton, M.D. 


Houston, Texas 


Seven oliguric women with preeclampsia were identified among patients admitted for obstetric care 

at Jefferson Davis or Hermann Hospitals in Houston, Texas. Urinary diagnostic indices (including 
urine-to-plasma ratios of creatinine, urea nitrogen, and osmolality) were generally consistent with a 
prerenal etiology for the observed oliguria. Conversely, invasive hemodynamic monitoring revealed a 
volume replete state in five of seven preeclamptic women studied. All patients were cbserved to have 
markedly elevated urinary sodium concentrations. The transient oliguria observed in these patients 
spontanously resolved without diuretic or hyperosmolar agents. We conclude that oliguria is a poor index 
of volume status in preeclamptic women. Urinary diagnostic indices may also be misleading if used to 
guide fluid management in these patients. Finally, the clinical significance and therapeutic alternatives 
relating to preeclampsia-associated oliguria are discussed. (Am J OssTetT Gyneco 1€87;156:100-3.) 


Key words: Oliguria, preeclampsia, pulmonary artery catheter 


Urinary output is commonly regarded as a clinical 
index of volume status and renal function. In the pres- 
ence of oliguria, urinary diagnostic indices have been 
used in nonpregnant patients to differentiate be- 
tween prerenal and renal etiologies.’ Oliguria is also a 
recognized peripartum complication of pregnancy- 
induced hypertension (PIH). However, a paucity of in- 
formation regarding PIH-associated oliguria is pres- 
ently available. Additionally, the validity of urinary 
diagnostic indices under these special circumstances 
has never been tested. An interinstitutional review re- 
cently identified seven preeclamptic women who de- 
veloped oliguria and were followed by pulmonary ar- 
tery catheterization. The present study examines PIH- 
associated oliguria with a indirect estimation of volume 
status, that is, the pulmonary capillary wedge pressure. 
Urinary diagnostic indices were simultaneously ob- 
tained to determine the clinical usefulness of this in- 
formation relative to volume status as estimated by the 
hemodynamic monitoring. 


Material and methods 


‘The patient population was selected from pre- 
eclamptic women admitted to either Jefferson Davis 
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Hospital or Hermann Hospital in Houston, Texas, dur- 
ing the period from February 1983 to December 1985. 
The diagnosis of preeclampsia included the criteria 
of newly onset gestational hypertension (>140/90 
mm Hg) and proteinuria in the absence of preexisting 
renal disease. All patients received intravenous mag- 
nesium sulfate for seizure prophylaxis. A pulmonary 
artery catheter was percutaneously inserted under 
aseptic conditions for the determination of each pa- 
tient’s hemodynamic profile. Continuous monitoring of 
systemic blood pressure was provided by radial artery 
cannulation. Urine output was measured continuously 
with an indwelling Foley catheter. For the purposes of 
this study, oliguria was defined as urine output of <30 
ml/hr for at least 2 consecutive hours. When oliguria 
was Identified, blood and urine specimens were ob- 
tained for measurement of sodium, creatinine, urea 
nitrogen, and osmolality. Pulmonary capillary wedge 
pressure measurements were obtained during the oli- 
guric phase. The pulmonary capillary wedge pressure 
was obtained with patients in the supine position sup- 
ported by a wedge under the right hip. Intravenous 
fluid management was guided by hemodynamic param- 
eters. No diuretics were employed during the study 
period. The blood and urine laboratory values were 
used to calculate urine-to-plasma ratios of sodium 
(U/P Na), creatinine (U/P Cr), urea nitrogen, and os- 
molality. Free excretion of sodium was calculated by 
the formula (U/P Na + U/P Cr) x 100. The renal fail- 
ure index was also calculated by dividing urinary so- 
dium concentration (mEq/L) by (U/P Cr). The inter- 
pretation of urinary diagnostic indices was based on the 
criteria proposed by Miler et al.’ (Table I). Data are 
reported as mean + SD. 
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Results 


Demographic data from the seven study patients are 
tabulated in Table II. All but one patient presented 
before term with a mean gestational age of 34 + 3 
weeks. The mean arterial pressure for the group was 
125 + 16 mm Hg. Study subjects were primigravid 
women with the exception of patient No. 4 (gravida 2, 
para 1-9-0-1). . 

Table IJI summarizes pulmonary capillary wedge 
pressures and urinary diagnostic indices from each of 
these patients. The mean urine output was 23 + 6 mi/ 
hr. The mean pulmonary capillary wedge pressure was 
8.7 + 2.0 mm Hg. In only two patients (Nos. 3 and 7) 
was there evidence of intravascular hypovolemia as es- 
timated by pulmonary capillary wedge pressure. The 
remainder suggested a volume replete state with nor- 
mal to slightly elevated pulmonary capillary wedge 
pressure values. B 

Table IV allows classification of the urinary diag- 
nostic indices by prerenal and intrarenal causes on the 
basis of criteria previously described (Table I). For most 
patients the urinary diagnostic indices could not be uni- 
formly attributable to either prerenal or intrarenal fac- 
tors. In this regard all patients demonstrated an ele- 
vated urine sodium consistent with a intrinsic renal de- 
fect. Conversely, most of the remaining indices 
supported a prerenal picture. An exception was found 
in patient No. 4 in whom the indices all were consistent 
with intrinsic renal disease. 

In five of severi patients a volume replete state was 
suggested by normal to slightly elevated pulmonary 
capillary wedge pressure. Within this normovolemic 
group, one patient showed urinary diagnostic indices 
suggesting intrinsic renal failure, one revealed a mixed 
pattern, and the remaining three demonstrated a pre- 
renal picture. Of note, the only patient (No. 6) with 
diagnostic indices clearly consistent with a prerenal pic- 
ture had one of the highest pulmonary capillary wedge 
pressure in this study. 


Comment 


This study examines P]H-related oliguria and dem- 
onstrates a poor correlation between this clinical pa- 
rameter and low pulmonary capillary wedge pressure. 
In this series of seven oliguric patients, only two subjects 
were considered hypovolemic by invasive hemody- 
namic monitoring. Urinary diagnostic indices also did 
not appear to be a useful indicator of volume status in 
these patients. The majority of indices predicted pre- 
renal dehydration in five of seven preeclamptic women 
despite pulmonary capillary wedge pressures consistent 
with euvolemia. 

Since oliguria associated with PIH does not appear 
to be solely related to volume depletion it is probable 
that other etiologic factors are contributory. For ex- 
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Table I. Summary of urinary diagnostic 


indices in oliguria 


Urine osmolality (mosm/kg >500 <150 
_ of water) 

Urine sodium (mEq/L) <20 >40 
Urine/plasma urea nitrogen >8 <3 
Urine/plasma creatinine >40 <20 
Renal failure index g£] >] 
Fractional excretion sodium <] >l 


Adapted from Miller et al.’ 


Table II. Characteristics of seven preeclamptic 
women studied 











Mean arterial 
pressure 






Gestational 
age (wk) 


Patient 


No. Proteinuria 





i 29 34 143 3+ 
2 23 34 125 2+ 
3 23 32 147 4+ 
4 25 38 108 34 
5 23 32 127 4+ 
6 19 29 108 4+ 
7 15 36 115 2+ 


ample, Pritchard et al.” have suggested that impaired 
renal function commonly seen in eclamptic women Is 
related to severe regional vasospasm. Our results dem- 
onstrating normal pulmonary capillary wedge pres- 
sures in oliguric women with PIH are consistent with 
this hypothesis. 

The clinical significance of transient oliguria associ- 
ated with PIH is controversial. Recently Hankins et al.” 
documented the relationship between elevated pul- 
monary capillary wedge pressures and delayed spon- 
taneous postpartum diuresis in eclamptic women. They 
hypothesized. that this phenomenon was secondary to 
the mobilization of extravascular fluid before diuresis. 
Such observations may account for the occurrence of 
postpartum cerebral and pulmonary edema in patients 
with PIH. Under these circumstances oliguria could 
potentially play an important role in the pathogenesis 
of these preeclanpsia-related complications. 

Traditional therapy of PIH-associated oliguria has 
included the use of diuretics, intravenous fluid chal- 
lenges, and/or observation. Pritchard et al.” have ad- 
monished against the use of diuretics or hyperosmolar 
agents in aritepartum women with PIH. They hypoth- 
esized that placental blood How may be compromised 
by decreasing intravascular volume. Such a further re- 
duction in regional blood flow might adversely affect 
the fetus, since preeclampsia alone is often associated 
with uteroplacental insufficiency. 

The administration of intravenous fluids in the ab- 
sence of accurate volume assessment may also be haz- 
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Table WY. Pulmonary capillary wedge pressures and urinary diagnostic indices from seven 


preeclamptic women 











Pulmonary capillary 
wedge pressure 
(mù Hg) 












Urine 
osmolality 


Patient | Urine output 


(mllhr) 





l 26 8 955 
2 26 l4 535 
3 23 4 627 
4 23 8 294 
5 29 10 652 
6 10 13 608 
7 25 4 466 


*Urine sodium divided by urine/plasma creatinine. 


Urine 
sodium 
























Renal 
failure 
index* 


Urinel 
plasma 
` creatinine 





Fractional excretion 
of sodtumt 


Urinelplasma 
urea nitrogen 








72 266 0.44 0.3 
38 114 0.90 0.7 
19 108 1.06 0.8 
— ora ae 2.61 1.8 
26 8] 1.70 12 
— 319 0.08 0.1 
44 AE o 0.80 0.6 


tUrine/plasma sodium divided by urine/plasma creatinine times 100. 


Table IV. Interpretation of date by urinary diagnostic indices 










Pulmonary capillary 
wedge pressure 
(mm Hg) 










Urine 
- sodium 


Urine . 
osmolality 







1 8 PR IR§ 

2 14 PR IR 

3 4 PR IR 

4 8 IR IR 

5 10 PR IR 

6 13 PR PR/IR 
7 4 PR/IR IR 


*Urine sodium divided by urine/plasma creatinine. 










Renal 
Urine/plasma Urinelplasina ‘ailure Fractional excretion 
urea niirogen reatinine. `| imdex* of sodiumt 


tUrine sodium divided by urine/plasma creatinine times 100. 


Oliguria from prerenal causes. 
§Oliguria from intrinsic renal damage. 


ardous. Our findings suggest that if urine output or 
urinary diagnostic indices were‘solely used to guide 
peripartum fluid management, the majority of these 
tests would indicate hypovolemia in preeclamptic 
women. On this basis these patients might inap- 
propriately receive excessive intravenous fluids, plac- 
ing them at higher risk for pulmonary or cerebral 
edema. 

Invasive hemodynamic monitoring provides valuable 
information regarding the volume status of preeclamp- 
tic women with oliguria. If the pulmonary capillary 
wedge pressure is normal, the clinician may elect to 


observe the patient under the assumption that transient’ 


renal vasospastic factors are responsible for oliguria. 
In the presence of prolonged oliguria, the clinician may 
feel compelled to treat the patient despite a normal 
range of pulmonary capillary wedge pressures. If re- 
gional vasospasm is a major determinant of the PIH- 
associated oliguria, it might be beneficial to use an agent 
that could selectively improve renal perfusion. Gerstner 
and Grunberger* studied nine eclamptic patients with 
oliguria who were treated with intravenous dopamine 
(3 wg/kg/min) after minimal improvement in urine out- 
put despite furosemide or osmodiuretic administration. 
Although the clinical usefulness of this drug has not 


















PR PR PR PR 
PR PR PR PR 
PR PR IR PR 
= PR/IR IR IR 
PR PR IR IR 
z PR PR PR 
PR PR PR PR 


been verified, these investigators reported an improve- 
ment in urine output following dopamine infusion. 

Dopamine is a metabolic precursor of norepineph- 
rine and epinephrine which is produced by the kidney 
and may act intrarenally as a natriuretic hormone.’ In 
low doses, dopamine’s B-adrenergic action predomi- 
nates, leading to increased renal plasma flow and glo- 
merular filtration rate by a specific vasodilatory effect 
on the kidney vasculature. Huss et al.° have demon- 
strated that the urinary excretion of dopamine is sig- 
nificantly higher in preeclamptic women when com- 
pared to normal pregnancies. This observation may be 
related to the high urine sodium levels uniformly seen 
in our patients. a 

The clinician should be cautioned that low urine out- 
put alone does not necessarily reflect a hypovolemic 
state in preeclamptic women. Additionally, the several 
urinary diagnostic indices cited in this report do not 
appear to reliably reflect intravascular volume deple- 
tion. Finally, from a clinical perspective, the primary 
treatment of severe PIH and its complications is de- 
livery. 


We would like to thank Karen Dorman, R.N., and 
Marilyn Seibel, R.N., fcr their meticulous assistance. 
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Adjunctive magnesium sulfate infusion does not alter 
metabolic changes associated with ritodrine tocolysis 


James E. Ferguson I, M.D., R. Harold Holbrook, Jr., M.D., David K. Stevenson, M.D., 
Paul A. Hensleigh, M.D., Ph.D., and Daniel Kredentser, M.D. ` 


Stanford and San Jose, California 


Magnesium sulfate, an agent whose cellular actions might cause metabolic disturbances, has been used 
concomitantly with ritodrine hydrochloride for preterm labor tocolysis. Although the profound metabolic 
effects of B-adrenergic agents have been well described, the possibility that adjunctive magnesium might 
cause further or unexpected alterations in maternal metabolic parameters has not been fully evaluated. To 
investigate this question, we prospectively randomized patients, in a blinded fashion, to receive ritodrine 
plus placebo or ritodrine plus adjunctive magnesium sulfate for preterm labor tocolysis. Serial 
measurements of potassium, glucose; blood urea nitrogen, and hematocrit were obtained and compared 
between tocolytic treatment groups. The metabolic changes found were similar in each group and 

appear to result predominantly from B-adrenergic stimulation with no apparent perturbations caused by 
the direct cellular actions of magnesium sulfate. From the metabolic standpoint, it appears that the clinician 
may use edjunctive magnesium sulfate without fear of accentuating or obscuring the expected 
B-adrenergic—induced alterations in the above-mentioned maternal metabolic parameters. as J OBSTET 


GYNECOL 1987; 196: 103-7.) 


Key words: Magnesium sulfate, ritodrine, preterm labor, tocolysis, metabolic effects 


8-Adrenergic agents are widely used in obstetrics in 
an effort to inhibit preterm labor and thereby prevent 
premature delivery and the possible accompanying ad- 
verse fetal and neonatal sequelae. The maternal met- 
abolic effects associated with the intravenous use of 
these agents have been documented and include hy- 
perglycemia,' hypokalemia,’ hyperinsulinemia,' hyper- 
lactacidemia,' and decréased bicarbonate,” hematocrit,” 
and colloid osmotic pressure values.' 
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- Recently, we” and others*’ have investigated the ad- 

junctive use of magnesium sulfate with ritodrine for 
preterm labor tocolysis. Although some have advocated 
this combined approach, the possibility of dual-agent 
tocolysis causing further or unexpected alterations in 
maternal metabolic parameters has not been fully in- 
vestigated. In an effort to address this clinically im- 
portant issue, we prospectively evaluated potassium, 
glucose, blood urea nitrogen, and hematocrit ina group 
of patients who were randomly chosen to receive either 
ritodrine with adjunctive magnesium sulfate or rito- 
drine plus placebo. 


Material and methods 


A prospective, randomized, blinded clinical trial was 
designed in which patients in preterm labor were di- 
vided into two treatment groups (Table I). Obstetric 
management of these patients has been previously de- 
scribed,’ but salient aspects will be reviewed. Informed 
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Table I. Characteristics, additional treatments, 
and associated complications in study patients 

randomly selected for treatment with ritodrine 
plus placebo or ritodrine plus 

magnesium sulfate 







Ruodrine plus 
magnesium 
sulfate 











Ritodrine plus 


Maternal age* (yr) 24.4 + 5.0 
Parity* LOE 2:0 0.9 + 0.9 
Gestational age* (wk) 30.8 + 3.0 
Cervical dilatation* 2.3 + 1.6 
Premature rupture of 6/23 (26%) 


membranes* 
Betamethasone 12/17 (1% 0) 14/23 (26%) 
treatment* 
Patients with vaginal 2 2 
bleeding 
Medical complications 2 2 
Multiple gestation 0 ] 
*Mean + SD; differences between groups were not signif- 


icant by Student’s ¢ test or x’ analysis, where appropriate. 


consent, as approved by the Institution’s Research and 
Human Subjects Review Committee, was obtained from 
each patient. Patients in preterm labor (regular uterine 
contractions with a documented change in cervical ef- 
facement or dilatation before 36 weeks’ gestational age) 
were randomly assigned to receive either ritodrine with 
adjunctive magnesium sulfate (N = 28) or ‘ritodrine 
plus placebo (N = 22) for tocolysis. In addition, the 
randomization specified the intravenous’ solution for 
each patient: 5% dextrose in water, 5% dextrose in half 
normal saline solution, or lactated Ringer’s solution. 
The infusion containing adjunctive magnesium sulfate 
consisted of 40 gm of magnesium sulfate in 500 ml of 
the preselected intravenous fluid, whereas the placebo 
infusion for “ritodrine plus placebo” patients consisted 
of 500 ml of the preselected intravenous fluid devoid 
of magnesium sulfate. Both the magnesium sulfate and 
placebo solutions were labeled as “study solution” and 
were visually indistinguishable. Intravenous solutions 
were prepared by a nurse, not otherwise involved in 
the patient’s care, who selected a sealed envelope from 
a previously randomized file. Thus the physician and 
nurse attending the patient were unaware of the con- 
tents of the “study solution.” The ritodrine solution 
contained 150 mg of ritodririe hydrochloride in 500 ml 
of intrayenous fluid. The ritodrine solution and “study 
solution” were infused by separate, continuous infusion 
devices. The single preselected electrolyte solution was 
used in each patient and served as the vehicle for the 
ritodrine solution and the “study solution” as well as 
for baseline fluid maintenance given to achieve a total 
infusion of 100 ml/hr. | i 
During treatment, standard practice was followed for 
the administration of the ritodrine solution.’ Simulta- 
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neously with the initiation of the ritodrine infusion, the 
study solution infusion was begun at a predetermined 
rate: 105 ml in the first hour, 60 ml during the second 
hour, and 30 ml/hr thereafter. Thus, if the study so- 
lution contained magnesium sulfate, 8.4 gm of mag- 
nesium sulfate was delivered in the first hour, 4.8 gm 
in the second hour, and 2.4 gm/hr thereafter. Only the 
ritodrine rate was altered in response to uterine activity; 
the rate of infusion of the “study solution” (whose con- 
tents were unknown, to the managing physician and 
nurse) was identical for all patients. 

Laboratory evaluation before tocolysis and at 6, 12, 
and 24 hours after the initiation of therapy included 
measurements of hematocrit and serum concentrations 
of potassium, glucose, and blood urea nitrogen. Ma- 
ternal and fetal monitoring, use of amniocentesis, and 
steroid administration as well as the timing or use of 
oral B-adrenergic.agents followed our standard pau 
and have been previously described.” ° 

Hematocrit was measured with a Coulter-S (Coulter 
Electronics, Hialeah, Florida). Serum potassium and 
blood urea nitrogen concentrations were determined 
by an Astra-8 Autoanalyzer (Beckman Instruments, 
Brea, California). Serum glucose was measured by the 
glucose oxidase’ automated method by the Astra-8 Au- 
toanalyzer. . 

Statistical analysis was aie with the use of x? 
analysis with Yates’ correction for continuity, Student’s 
t test (for paired and unpaired samples as appropriate) 
or one-way analysis of variance. 


Results 


Fifty patients were enrolled in the study; 28 were 
randomized to ritodrine and adjunctive magnesium 
sulfate and 22 patients received ritodrine plus placebo. 
Ten patients were withdrawn from the study for the 
following indications: mature lecithin/sphingomyelin 
ratio (n = 7), serious tocolytic side effect before: 6 
hours requiring discontinuation of tocolytic agent 
(n` = 1), chorioamnicnitis (n = 1), and gestational di- 
abetes (n = 1). Final analysis of metabolic factors there- 
fore included 40 patients who had completed at least 
6 hours of intravenous tocolytic therapy: 23 received 
ritodrine and adjunctive magnesium sulfate and 17 re- 
ceived ritodrine plus placebo. | 

Because patients were randomly selected to receive 
one of three intravenous solutions as well as one of the 
tocolytic regimens, a comparison was made with the use 
of one-way analys:s of variance of all metabolic values 
between the different solution groups. Six patients re- 
ceived 5% dextrose in water, 18 patients received 5% 
dextrose in half normal saline solution, and 16 patients 
received lactated Ringer’s solution. No differences were 
detected between the three solution groups for any of 
the values (hematocrit, blood urea nitrogen, glucose, 
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Fig. 1. Comparison of baseline to interval values for hematocrit (HCT) and blood urea nitrogen 
(BUN), glucose, and potassium ([K +}) concentrations. Dark bars: Ritodrine plus placebo; open bars: 
ritodrine plus magnesium sulfate. Differences between tocolytic study groups at each time interval 


were nct significant (unpaired ¢ test, p > 0.05). 


Table II. Comparison of maternal baseline values with interval values for hematocrit and blood urea 


nitrogen, glucose, and potassium concentrations 


Baseline 
Value* (pretreatment) 6 hr 12 hr 24 hr 


Hematocrit (%) 34.7 + 3.9 
(6/18/164) 
Blood urea nitrogen (mg/100 ml) tae 2 
(6/18/16) 
Glucose (mg/100 ml) 87 + 27 
(6/18/16) 
Potassium (mEq/L) 3.9 + 0.4 
(6/18/16) 


*Values are mean + SD. 
tp < 0.01, compared with baseline value (paired ¢ test). 


Number of patients receiving electrolyte solutions A/B/C. 


and potassium) at any of the time periods (baseline, 6 
hours, 12 aours, and 24 hours). The values for patients 
in the three solution groups were therefore combined 
to allow comparison of the two drug regimens. 
Comparisons of the four metabolic variables between 
the two tocolytic treatment groups at each of the four 
time periods are shown in Fig. 1. No significant dif- 
ferences were noted between the two treatment groups 
for any of the four variables at any of the time periods 
(p > 0.05, unpaired ¢ test). . : 
Since no differences were noted between treatment 
groups, the groups were then combined to assess 
changes over a period of time in the metabolic values 
studied. So that each patient served as her own control, 
comparisor.s made included only those patients for 
whom data were available at both initiation of therapy 
and the time period being tested. Values for all patients 
at 6, 12, and 24 hours after initiation of therapy are 


32.7 + 3.8t Sie L6f 29.6 + 3.77 
(6/18/16) (5/17/12) (5/8/10) 
6.6 + 2.0f 6.2 + 1.9F 5.9 + 1.2t 
(6/18/16) (5/16/11) (5/8/10) 
175 + 457 159 + 34f 133 + 247 
(6/18/16) (5/17/12) (5/8/10) 
3.1 + 0.4t 3.5 + 0.4} 3.4 + 0.4F 
(6/18/16) (5/17/12) (5/8/10) 


compared with baseline (pretreatment) values in Ta- 
ble II. Hematocrit, blood urea nitrogen, and potassium 
values fell and glucose rose significantly at 6 hours after 
initiation of treatment. Values for all four variables re- 
mained significantly different from baseline levels at 
12 and 24 hours as well (p < 0.01, paired ¢ test). To 
assure that the differences observed over a period of 
time were not the result of changes in the distribution 
of patients among the three solution groups, the pro- 
portion of patients receiving each solution was com- 
pared for 6, 12, and 24 hours; no differences were 
noted (see Table II). 


Comment 


The profound metabolic effects of B-adrenergic to- 
colytic agents are well known. To date, however, the 


‘possibility that adjunctive magnesium sulfate might ac- 


centuate or obscure metabolic changes has not been 
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fully considered. Our aim in this report was to deter- 


mine, by using a prospective, blinded, randomized ` 


study, if dual-agent tocolysis consisting of ritodrine and 
magnesium sulfate might cause further or unexpected 
changes in maternal metabolic values. 

Magnesium sulfate is an effective tocolytic agent with 
complex cellular mechanisms of action. The major to- 
colytic action of magnesium sulfate ts likely mediated 
by the extracellular magnesium ion concentration that 
affects uptake, binding, and distribution of cellular cal- 
cium in smooth muscle. It appears that extracellular 
magnesium ions decrease total exchangeable and mem- 
brane-bound calcium at smooth muscle membranes by 
competing with or displacing calcium ions at cell mem- 
brane binding sites.’ Magnesium sulfate may also have 
an effect on the cyclic nucleotide system within the cells. 
Magnesium activates adenylate cyclase, an enzyme in- 
volved in the synthesis of cyclic adenosine monophos- 
phate (CAMP).’ Increases in the levels of cAMP in 
smooth muscle promote relaxation because (1) cAMP- 
mediated phosphorylation inhibits the activity of my- 
osin light-chain kinase (the predominant enzyme in the 
regulation of smooth muscle contractility) and (2) 
cAMP promotes the accumulation of calcium by the 
sarcoplasmic reticulum and thus depresses intracellular 
free calcium concentrations to levels at which the my- 
osin light-chain kinase is not active.® The effect of mag- 
nesium on cAMP is of particular interest because there 
are data to suggest that increased cAMP concentrations 
act to promote vasodilation.’ If so, then with fluid ad- 
ministration during magnesium tocolysis, one would 
expect to encounter an expanded intravascular volume. 
This could be clinically recognized by the finding of a 
hemodilutional fall in hematocrit. 

8-Adrenergic agents also affect fluid balance. The 
antidiuretic hormone effect of B-adrenergic agents 
leads to the inability to excrete a sodium load and, 
coupled with fluid administration, may cause volume 
overload.' Although Hankins et al.,"° using the preg- 
nant baboon model, could demonstrate no difference 
in serial hematocrits or colloid oncotic pressures mea- 
sured in animals receiving intravenous ritodrine, they 
did note significant increases in sodium and water re- 
tention when compared with that in controls. Decreases 
in hematocrit and colloid osmotic pressure regularly 
accompany the clinical use of B-adrenergic tocolytic 
agents in humans.'? Although the potential for an ex- 
aggerated effect on hematocrit exists when these agents 
are used concomitantly, we were unable to demonstrate 
such an effect (Fig. 1). In our study, the expected de- 
crease in serially monitored hematocrits occurred in 
both groups. Similarly, blood urea nitrogen values did 
not differ between groups and decreased in both 
groups during therapy. Although Philipsen et al.’ could 
not. demonstrate a significant change in blood urea ni- 
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trogen levels during ritodrine treatment, our results 
are consistent with an expected hemodilutional fall in 
blood urea nitrogen. 

Hyperglycemia was noted in both our patient groups. 
B-Adrenergic agonists are believed to induce hyper- 
glycemia by increasing the rate of glycogenolysis and/or 
gluconeogenesis.” The findings of decreased plasma 
alanine levels with accompanying increases in glucose 
levels in patients receiving f-adrenergic therapy sup- 
port the etiologic role of gluconeogenesis.” Magne- 
sium, too, is a controlling and coordinating factor in 
carbohydrate metabolism. While the administration of 
physiologic levels of magnesium does not modify blood 
glucose, high doses of magnesium result in hypergly- 
cemia.'* This effect is believed to be due to the endog- 
enous release of epinephrine and inhibition of insulin 
secretion. Additionally, magnesium may affect the af- 
finity and number of insulin receptors. Hatyis et al. 
recently reported on a group of retrospectively eval- 
uated preterm labor patients in whom magnesium sul- 
fate was added because of ritodrine failure. It is inter- 
esting to note in their study that hypokalemia (25 of 
30) and hyperglycemia (28 of 30) occurred significantly 
more often if one combines the two subgroups who 
received ritodrine and magnesium sulfate and com- 
pares them with the patients who received ritodrine 
alone (19 of 35 and 21 of 25, respectively, p = 0.0095 
and p = 0.00156, Fisher’s exact test). Differing results 
are not unexpected when one considers the dissimilar 
study designs. 

Magnesium concentration is integrally involved in 
determining the intracellular potassium, calcium, and 
sodium concentrations." Although the direct effect of 
magnesium excess on the cell membrane could induce 
elevated intracellular potassium and resultant hypo- 
kalemia, in practice the compensatory mechanisms re- 
lating to magnesium and potassium cellular metabolism 
are so effective that one rarely encounters clinically 
detectable hypokalemia." * Richards et al. reported 
insignificant changes in potassium levels in a small 
group of women receiving magnesium sulfate for pre- 
term labor tocolysis. Our patients demonstrated similar 
degrees of hypokalemia in both the adjunctive mag- 
nesium and ritodrine plus placebo groups. Cano et al.'® 
recently clarified the limited role of B-adrenergic—in- 
duced hyperglycemia and resultant hyperinsulinemia 
in the genesis of hypokalemia. They suggest that hy- 
pokalemia is likely a result of stimulation of the 
B.-receptors by ritodrine leading to activation of the 
ionized sodium-—ionized potassium adenosine triphos- 
phatase and resultant translocation of potassium across 
the cellular membrane." 

In summary, the adjunctive use of magnesium sul- 
fate, when administered as described herein, does not 
cause further or unexpected alterations in the maternal 
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potassium glucose, blood urea nitrogen, or hematocrit 
values. The metabolic changes found were similar in 
each group and are predominantly the result of the 
B-adrenergic stimulation with no apparent perturba- 
tions caused by the direct cellular actions of magnesium 
sulfate. From the metabolic standpoint, it appears that 
the clinician may use adjunctive magnesium sulfate 
without fear of accentuating or obscuring the ex- 
pected B-adrenergic—induced alterations in the above- 
described maternal metabolic parameters. | 


We wish to thank Ruby Mei-Lun Wong, Ph.D., for 
her able assistance with the statistical evaluation of our 
data. 
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Radioimmunoscintigraphic detection of occult 
gestational choriocarcinoma 


Richard L, Wahl, M.D., M. B. Khazaeli, Ph.D., Albert F. LoBuglio, M.D., 
R. A. Patillo, M.D., Michael J. Tuscan, C.N.M.T., and William H. Beierwaltes, M.D. 


Ann Arbor, Michigan, Birmingham, Alabama, and Milwaukee, Wisconsin 


Localized recurrent gestational choriocarcinoma, evidenced by a rising level of the B-subunit of human 
chorionic gonadotropin, can be difficult to localize for surgical resection. We describe a patient with a rising 
leve! of the B-subunit of human chorionic gonadotropin after extensive therapy for choriccarcinoma in 
which gamma scanning of the distribution of an intravenously administered iodine 131—labeled monoslonal 
antibody preparation (5F9.3) allowed localization of a focus of recurrent choriocarcinoma in the lung. Other 


imaging methods showed this only as a focus of stable scarring. The antibody scan guided surgical 
resection of this tumor focus, which on gamma counting had a tenfold excess of antibody activity 
compared with that of the normal lung. This approach may be useful in detecting occult foci of gestacional 
choriocarcinoma for surgical resection in patients with rising levels of the B-subunit of haman chorionic 
gonadotropin and is under further evaluation. (AM J OssteT GYNECOL 1987;156:108-1 1.) 


Key words; Gestational choriocarcinoma, radioimmunoscintigraphy, monoc:onal antibody 


Choriocarcinoma, a human chorionic gonadotropin 
(hCG)-secreting neoplasm of trophoblastic origin (in 
women), has become increasingly effectively controlled 
by chemotherapy.’ While aggressive chemotherapy can 
frequently cause remissions, even of pulmonary lesions, 
surgical resection of such lesions may still have a role 
if such a patient with choriocarcinoma has a persistently 
elevated level of hCG, has no other metastases, and has 
contraindications to additional chemotherapy." ? De- 
tection of such foci of active tumor in the lungs can be 
difficult, particularly if a patient has pulmonary scar- 
ring.? While radiolabeled polyclonal anu-hCG antibod- 
ies have been used to detect foci of choriocarcinoma in 
animals and patients, they have not yet been able to 
detect occult pulmonary disease.” The use of mono- 
clonal antibodies for radioimmunoscintigraphy may of- 
fer advantages over polyclonal reagents.** We recently 
applied radioimmunoscintigraphy with an iodine 131- 
labeled monoclonal antibody originally raised against 
embryonal testicular cancers (5F9.3), which was un- 
reactive with hCG but reactive with the majority of 
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choriocarcinoma cell lines tested to date, to successfully 
detect a clinically occult pulmonary focus of choriocar- 
cinoma,.””! | 


Case report 


A 29-year-old woman was referred with a 4-year his- 
tory of choriocarcinoma. The tumor was first diagnosed 
in 1981, when she became anemic 2 months after a 
spontaneous abortion. The anemia was due to uterine 
rupture caused by choriocarcinoma. Although pelvic 
disease was largely resected at operation, pulmonary 
metastases were then noted to be present. Chemother- 
apy and pelvic irradiation produced a remission by Au- 
gust 1981, but a recurrence was diagnosed 3 months 
later. Since that time she has had two abdominal op- 
erations: (1) removal of the ovaries and (2) resection of 
a pelvic recurrence. She has also had two right thora- 
cotomies for pulmonary nodule resection and has 
had a total of 45 cycles of chemotherapy, including 
bleomycin, methotrexate, actinomycin D, VP-16, and 
Adriamycin. Pulmonary scarring secondary to the op- 
erations and also as a result of the bleomycin therapy 
has been noted on multiple chest radiographs and com- 
puterized tomographic scans. With the chemotherapy, 
the serum level of B-subunit of hCG (B-hCG) had nearly 
normalized 4 months before presentation to the Uni- 
versity of Michigan Medical Center and chemotherapy 
was discontinued. 

Approximately 2 moriths before presentation, she 
was noted to have a rising B-hCG level, which increased 
further during the next 2 months to 2980 IU when she 
was admitted to the University of Michigan Medical 
Center. Three abdominal and chest computerized to- 
mographic scans cbtained during the months before 
admission, including a scan immediately preceding ad- 
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Fig. 1. A, ''I-labeled gamma antibody images at 120 hours of posterior chest demonstrating in- 


creased activity in thyroid (upper arrow), heart (lower arrow), liver, spleen, and left side of the chest. 
Black cross represents a computer artifact. B, Tc99m human serum albumin image obtained 120 
hours after antibody infusion and '2 hour after Tc99m human serum albumin injection. This image 


was obtained simultaneously with A, with the use of dual-energy acquisition. C, Selected '*'I-labeled 
image with Tc99m human serum albumin background subtracted. Note focal increased activity in 
left side of the chest (arrow). D, '’'I-labeled abdominal image (after background subtraction of Tc99m 


human serum albumin image) showing increased activity in the lower abdomen (lower arrow) and in 
the stomach (upper arrow). (This may be due to free iodine in the stomach and gut as the result of 
antibody deiodination with subsequent trapping in fluid-filled bowel, caused by partial small bowel 


obstruction, although the patient had a history of tumor recurring near the bladder.) 


mission, were interpreted as “status post hysterectomy 
with no obvious abdominal disease and stable scarring 
of the upper lung fields.” She was thus admitted to 
undergo a search for a site of occult disease. 

After informed consent was obtained, the patient re- 
ceived 1.25 mCi of '*'I-labeled murine monoclonal an- 
tibody 5F9.3 intravenously. This represented approx- 
imately 1 mg of mouse antibody, labeled by the iodogen 
technique. The patient was maintained on a regimen 
of SSKI, three drops/day, throughout the study. She 
tolerated the injection without adverse effects. Gamma 
scans with a gamma camera having a large field of view 
and interfaced to a high-energy collimator were ob- 
tained daily until 6 days after injection. These scans, 
evaluating the entire body of the patient, included 
100,000 counts or 20 minutes of acquisition. All data 
were stored in a dedicated nuclear medicine computer 
for subsequent analysis. Blood pool subtraction images 
were generated at 48 and 120 hours after antibody 
injection, by subtracting the simultaneously acquired 
Tc99m human serum albumin blood pool image ob- 
tained 30 minutes after injection of 1 mCi of Tc99m 
human serum albumin’ from the '*'I-labeled antibody 
image. These background subtracted images were then 
displayed cinematically on a computer monitor with 
variable levels of background subtraction for final in- 
terpretation.’” 

Images examined as above showed a persistent focus 
of increased activity in the left side of the chest (on 


posterior images). This was seen best with background 
subtraction at 48 and 120 hours (Fig. 1, A to C) and 
without background subtraction at 6 days after injec- 
tion. Moderate activity was also noted in the lower ab- 
domen (Fig. 1, D), although plain film radiographs ob- 
tained at the time of imaging showed a partial small 
bowel obstruction pattern, with dilated small bowel 
loops (this problem has been present intermittently 
since pelvic irradiation). 

Review of the chest radiographs in the left upper 
lung field region, at the site of the increased uptake 
seen on anubody scan, suggested to some observers the 
presence of a small nodule in a region of pulmonary 
scarring; however, the abnormality was extremely sub- 
tle and overlay the scapula (Fig. 2). Review of several 
computerized tomographic scans showed density in the 
left upper chest corresponding to the area of increased 
uptake seen on antibody scans. This area had been read 
longitudinally as representing stable scarring (Fig. 3). 

A fine needle aspiration biopsy of the left upper chest 
scarring was performed 2 weeks after imaging, and the 
cytologic test results were positive for choriocarcinoma. 
The slide of this aspirate also underwent gamma count- 
ing, and resulting counts were compared with those 
from a similar-sized aspirate of adjacent normal lung 
cells from this patient. A tenfold '*'I count excess was 
found in the slide with the aspirate that was positive 
for tumor when compared with the normal lung as- 
pirate. The patient subsequently underwent a thora- 


110 Wahl et al. January 1987 


Am ] Obstet Gynecol 


Fig. 2. Close-up view of left upper side of the chest appearing 
essentially normal in region of increased uptake on antibody 
scan. On the original film, however, some observers felt a small 
nodular density might overlie the scapula. 


cotomy with resection of tumor. The B-hCG level re- 
mained elevated, and she has had two exploratory 
laparotomies to relieve small bowel obstruction. No ab- 
dominal tumor was found at either of these operations. 
The patient is currently being treated with additional 
chemotherapy as the B-hCG level remains elevated. 


Comment 


The ability of radiolabeled antibodies to hCG to lo- 
calize to choriocarcinoma has been known for some 
time.’ More recently, radiolabeled monoclonal and 
polyclonal antibodies to other tumors have been shown, 


in certain cases, to be capable of detecting small foci of 


disease that were undetectable as disease foci by other 
methodologies. For example, with the use of mono- 
clonal and polyclonal antibodies, occult foci of colon 
cancer have been detected when computerized tomo- 
graphic scans were normal.'* '' While detection of an 
occult abdominal focus of choriocarcinoma was re- 
ported in 1980 with the use of polyclonal antibodies,” 
this was at a time when computerized tomographic 
scanning was capable of less spatial and temporal res- 
olution than current devices offer. Detection of “oc- 








Fig. 3. Computerized tomographic scan of chest obtained 2 
weeks before antibody scan demonstrating bilateral upper lobe 
scarring. Density in left side of the chest (arrow) had previously 
been interpreted as “stable scarring.” On needle biopsy and 
resection this represented a focus of choriocarcinoma and cor- 
responded exactly to the uptake seen on the antibody scan 
(Fig. 1, C). 


cult” foci of choriocarcinoma has been reported as suc- 
cessful mainly in men, including a series where com- 
puterized tomographic scanning was not conducted in 
all cases.” Labeled polyclonal anu-hCG antibodies have 
been shown to localize to viable choriocarcinoma in 
women as well, but in all cases other than that reported 
by Hatch et al.,! when there was positive antibody up- 
take, a definite x-ray or computerized tomographic ab- 
normality highly suggestive of tumor was present.” ° 
In the patient described here, radioimmunoscintig- 
raphy was capable of strongly suggesting that a de- 
tectable pulmonary abnormality, previously felt to rep- 
resent scarring, was, in fact, a clinically occult focus of 
choriocarcinoma. This antibody uptake in the lesion, 
with biopsy verification, is gratifying and the tenfold 
excess accumulation over that in the normal lung sug- 
gests that it is due to antibody specificity for tumor. 
Studies in an animal model of choriocarcinoma have 
shown tumor uptake to be largely due to specific an- 
tibody binding.” Unfortunately, optimal images could 
be obtained only after blood pool subtraction, which 
emphasizes the relatively low tumor/background ratios 
achieved by many intact monoclonal antibodies.'? While 
antibody fragments have helped this somewhat, these 
low ratios after intravenous antibody delivery represent 
a problem that must be overcome before more wide- 
spread use of this technique as a diagnostic or thera- 
peutic modality can be reasonably considered.” Better 
labeling methods than iodine may also be useful.'® This 
point is of particular potential relevance in this case, as 
increased activity was seen in the lower abdomen when 
imaging was done in this patient. This imaging oc- 
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curred at a time of partial small bowel obstruction and 
it is pessible that the increased abdominal uptake was 
due to deiodination of antibody with accumulation into 
the bowel. Despite these issues, this considerably en- 
couraging preliminary result, in a case that was difficult 
to diagnose, adds support to the possibility that ra- 
diclabeled monoclonal antibodies will have a role in the 
diagnosis of malignancies and, in particular, female 
choriocarcinomas. Studies in additional patients will be 
essential to define the sensitivity and specificity of this 
approach. 


Thanks are extended to James Botti and Diane Lahti 
for imaging of patients. Thanks are also due to Steven 
Kronberg, Linda Laino, Gayle Jackson, Neil Petry, and 
Jeff Burke for technical assistance and advice in anti- 
body pioparanon: 
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Corticosteroid levels in human fetal blood at midgestation and 


at term 


A. López Bernal, E.O.G., D.Phil., and Ian Z. MacKenzie, M.D. 


Oxford, England 


Cortisol and cortisone were estimated in samples of fetal blood obtained by fetoscopy at 13 to 24 weeks’ 
gestation and in cord blood obtained at elective cesarean section at 38 weeks’ gestation. Levels of 
cortisone exceeded those of cortisol at all gestational ages studied. At midgestation, cortisol levels tended 
to fall with advancing gestation and had a weak negative correlation with fetal weight. The levels of bozh 
steroids were similar in male and female fetuses and increased significantly from midgestation to term. (AM 


J Osstet GynecoL 1987;156:112-3.) 


Key words: Cortisol, cortisone, fetal blood, fetoscopy 


Despite the abundant literature on human fetal cor- 
ticosteroid levels near term, information about corti- 
costeroid levels in fetal blood at midgestation is limited. 
In a previous study’ cortisol was measured in samples 
of cord blood obtained from fetuses delivered by hys- 
terotomy at 15 to 20 weeks’ gestation, but there is little 
information about steroid levels in second-trimester 
human fetuses before delivery. Pure fetal blood can 
be obtained at fetoscopy with minimal disturbance to 
the fetus,” and in this article we present data on corti- 
sol and cortisone levels in samples obtained by this 
technique. 


Material and methods 


Heparinized cord blood was obtained at fetoscopy in 
women scheduled for elective abortion. Details of the 
procedure have been given previously.” All women gave 
informed consent and the study had local ethical ap- 
proval. Only blood samples from singleton fetuses with 
no apparent abnormalities were included. Mixed cord 
blood samples were obtained at elective cesarean sec- 
tions at term. Cesarean sections were performed be- 
cause of previous cesarean sections or to deliver infants 
conceived by in vitro fertilization; all newborn infants 
were normal. | 

Plasma samples were separated and stored at 
— 20° C. Cortisol and cortisone were measured by ra- 
dioimmunoassay after chromatography on Sephadex 
LH-20.° Interassay and intra-assay coefficients of vari- 
ation were <10% for cortisol and <16% for cortisone. 


From the Nuffield Department of Obstetrics and Gynaecology, John 
Radcliffe Hospital, University of Oxford. 

Supported by Action Research, The National Fund for Research into 
Crippling Diseases, and by Sterling-Winthrop. 

Received for publication January 31, 1986; accepted July 28, 1986. 

Reprint requests: Dr. A. Lopez Bernal, University of Oxford, Nuffield 
Department of Obstetrics and Gynaecology, John Radcliffe Hos- 
pital, Headington, Oxford, England OX3 9DU. 


Plasma cortisol (nM) 





0 80 160 240 320 400 
Fetal we ght tg) 


Fig. 1. Correlation between fetal weight (x) and cortisol levels 
(y) in fetal blood obtained by fetoscopy at 13 to 24 weeks’ 
gestation. Best-fit straight line: y = 7.01 — 0.01x; p > 0.05. 


The data were assessed by the Kruskal-Wallis, Mann- 
Whitney, and Spearman rank correlation tests. 


Results 


The data are summarized in Table I. Levels of cor- 
tisone exceeded those of cortisol at all gestational ages 
studied and the levels of bozh steroids were similar in 
male and female fetuses. Cortisol and cortisone levels 
at 38 weeks were significantly higher (p < 0.001) than 
the levels obtained at 13 to 24 weeks’ gestation, but the 
cortisol/cortisone ratio remained similar. At midgesta- 
tion cortisol levels tended to fall with advancing ges- 
tational agé and so did the cortisol/cortisone ratio. 
Overall (Kruskal-Wallis test) these changes were not 
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Table I. Fetal weight and cortisol and cortisone levels in fetal blood in relation to gestational age 


Gestational age (wk) 


Fetal weight (gm) 


Mean + SEM 83 + 16 164 + 22 

Range 34-126 95-24] 
Certiscl (nmol/L) 

Mean + SEM 15 hl 65-21 

Range 4.4-12.5 }.9-9.1 
Cortisane (nmol/L) 

Mean + SEM 47+ 18 p 

Range 12-155 9-24 
Ratio cortisol/cortisone 

Mean + SEM 0.35 + 0.11 0.44 + 0.11 

Range 0.05-0.89 0.16-0.97 
n 8 8 


Statistically significant. However, in view of previous 
evidence’ of a fall in fetal cortisol levels at 18 weeks’ 
gestation, the data were reanalyzed with a comparison 
of samples obtained before and after 18 weeks, and the 
differences were significant at p< 0.05. Cortisone 
levels remained relatively stable throughout the mid- 
trimester. The midgestational fall in cortisol levels was 
also apparent when the results were plotted as a func- 
tion of fetal weight (Fig. 1) but failed to reach statistical 
significance (Spearman rank correlation coerficient = 
— 0.26, p > 0.05). 


Comment 


This study provides detailed intormation on cortisol 
and cortisone levels in midtrimester fetal blood ob- 
tained at fetoscopy. The levels reported here are likely 
to represent those found in utero in the undisturbed 
fetus, without the possible stressing effect of delivery. 
Our data confirm that there is a fall in fetal cortisol 
levels at about 18 weeks’ gestation,’ but the significance 
of this fall is weakened by the high p value and by the 
poor negative correlation between fetal cortisol levels 
and fetal weight. This apparent fall in fetal cortisol 
levels has been attributed’ to the change in the size of 
the adrenal gland relative to body weight that occurs 
at midgestation; however, at that stage the bulk of the 
fetal adrenal cortex composes the “fetal zone,” which 
secretes mainly 3B-hydroxy-5-ene steroids, and cortisol 
output is relatively small.* It is not well established what 
factors regulate fetal cortisol levels at midgestation, but 
these levels probably depend on maternofetal exchange 
as well as fetal adrenal cortisol] production. Cortisol 
Jevels in maternal blood?’ and in amniotic fluid’ increase 
significantly with advancing gestation with no evidence 
of a fall in the midtrimester. 

Comparison of the samples obtained by fetoscopy 
with those obtained at elective cesarean section at term 
confirms that there is a true rise in fetal cortisol levels 
between midgestation and term independent cf the in- 


20] + 18 231 + 23 374 + 24 3321 + 186 
152-302 118-33] 305-461 2665-4185 
5.3 + 0.5 5+ 0.9 46+ 1.1 50+ 9 
2.4-7.4 2.6-10.7 2.7-7.6 _ 21-89 
33 + 16 S297 49 +8 155 + 33 
15-63 10-77 21-61 19-367 
0.20 + 0.04 0.27 + 0.09 0.12 + 0.03 0.40 + 0.06 
0.05-0.33 0.03-1.07 0.04-0.17 0.11-0.69 | 
8 =o H 4 10 


fluence of labor,' and our data show that there is a 
parallel rise in fetal cortisone levels. In the absence of 
labor or other factors that might stimulate the fetal 
adrenal, the cortisol/cortisone ratio in fetal blood would 
largely be regulated by placental 116-hydroxysteroid 
dehydrogenase, and it is of interest that the activity of 
this enzyme in vitro is similar in midgestation and at 
term.’ In summary, our data demonstrate that there is 
an absolute rise in fetal cortisol and cortisone levels 
between midgestation and term but the cortisol/corti- 
sone ratio remains stable. 
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fully acknowledged. 
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Anticardiolipin antibodies and complement in ninety-nine 


women with habitual abortion 
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Lennart Hahn, M.D., Ph.D., and Leopold Arfors, M.D. 


Géteborg and Stockholm, Sweden 


Immunologic investigations were performed on sera from 99 women with habitual abortion (three or more 
consecutive miscarriages). All were considered healthy and clinical investigations had not revealed ary 
cause for the miscarriages. Sixty-eight were considered to have primary habitual abortion whereas 31 had 
secondary habitual abortion. Increased anticardiolipin antibody levels were found in 42 patients. None had 
a primary diagnosis of systemic lupus erythematosus, but at follow-up studies one of them fulfilled the 
diagnostic criteria of systemic lupus erythematosus. Ten sera, all from patients with primary habitual 
abortion, showed high anticardiolipin antibody values (=10 units) concomitant with significantly lower levels 
of complement factor C4 than those found in sera with moderate or normal anticardiolipin antibody levels. 
There was no indication of genetic defects explaining the low C4 values, which could be explained at least 
in part by an activation of complemeni by the classical pathway. (AM J OpsTeT GYNECOL 1987;156:1 14-9.) 


Key words: Habitual abortion, anticardiolipin antibody, complement factors, antinuclear 


antibody 


Recent studies have revealed a high incidence of re- 
peated fetal loss in patients with systemic lupus ery- 
thematosus and concomitant antibodies against nega- 
tively charged phospholipids, primarily cardiolipin.'® 
These antibodies frequently occur in systemic lupus 
erythematosus and their association with thromboem- 
bolic manifestations has been demonstrated.’ However, 
high titers of anticardiolipin antibodies have occasion- 
ally been found in patients without systemic lupus er- 
ythematosus and also in these patients concomitant with 
thromboembolic episodes. Antibodies to cardiolipin are 
rarely demonstrated in healthy control subjects but can 
occasionally be demonstrated, for instance, in patients 
with acute infections. In these cases, however, the an- 
ticardiolipin antibodies seem to occur temporarily 
whereas in patients with systemic lupus erythematosus 
the production is constant and apparently rather in- 
dependent of the disease activity.” 

We have investigated the occurrence of anticardio- 
lipin antibodies in sera from 99 consecutive female pa- 
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tients referred to us because of recurrent fetal loss. All 
were considered healthy and no obvious explanation 
for the abortions had been found. Increased anticar- 
diolipin antibody levels were demonstrated in 42 
women, 10 of whom had highly increased values. These 
10 patients were followed up with repeated examina- 
tions including analyses of the reason for lowered val- 
ues of complement factor C4 found in the sera. 


Material and methods 


Patient material. Ninety-nine women who had ex- 
perienced at least three consecutive abortions, that is, 
fulfilled the diagnostic criteron of habitual abortion, 
were sent from all parts of Sweden for immunologic 
investigations. Clinical investigations including genetic 
karyotyping of the couples, determinations of antibod- 
les against infectious agents, hysterosalpingography 
and/or hysteroscopy, and endocrine evaluations, had 
failed to reveal any cause for the abortions. The women 
were considered healthy. None of them suffered from 
any disease that could possibly explain the abortions, 
such as systemic lupus erythematosus or poorly con- 
trolled diabetes. Except for three of them, the women 
were not pregnant when investigated. Sixty-eight were 
considered to have primary habitual abortion; they had 
had three to 11 abortions and no deliveries (Table I). 
They had experienced a total of 278 pregnancies, six 
of which (2%) were extrauterine, whereas 221 (79%) 
had resulted in first-trimester miscarriages and 51 
(18%) were second-trimesier abortions. The 31 with 
secondary habitual abortion had been pregnant four 
to 10 times, and three to nine of the pregnancies had 
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Table I. Pregnancy histories and ages of 99 women with habitual abortion 






Type of 
habitual abortion 
Primary 61 20-41 
Secondary 3] 24-42 


No. of miscarriages 












Mean + SEM 


31.0 + 4.6 3-11 4.7+ ] 
33.1] + 4.5 3-10 49+]. 


Table II. Distribution of anticardiolipin antibody levels among 99 women with habitual abortion 









Anticardiolipin antibody level (units) 


0-2 
3-7 
3-4 ND* 
5-9 ND* 
=10 ND* 
Total No. 


*See text for information. 


resulted in abortions (see Table I). They had experi- 
enced 196 pregnancies, 41 of which (21%) had resulted 
in deliveries. However, only 30 of 196 pregnancies 
(15%) resulted in live infants, since 11 of the 41 infants 
suffered perinatal death due to immaturity, severe 
growth retardation, or a combination of both. Of the 
196 pregnancies, 127 (65%) ended in first-trimester 
miscarriages whereas 28 (14%) resulted in second- 
trimester fetal losses. Eight women with secondary ha- 
bitual abortion had had two deliveries, yet four of them 
had no living children since they had repeatedly ex- 
perienced premature deliveries of growth-retarded in- 
fants who died during the perinatal period. Two of 
- these eight women had their two infants with previous 
partners so they indeed had primary habitual abortion 
in their current relationship. Another woman with sec- 
ondary habitual abortion had experienced three very 
premature deliveries of severely growth-retarded in- 
fants, only one of whom had survived. 

Assay of anticardiolipin antibody. Antibodies 
against cardiolipin were determined essentially as de- 
scribed by Harris et al.’ but with the use of an enzyme- 
linked immunosorbent assay technique and alkaline 
phosphatase—conjugated antihuman IgG and IgM an- 
tibodies, respectively. The results were given in units 
whereby one unit corresponded to the mean control 
value plus 1 SD of the mean. Values above or equal to 
three units were considered pathologic. The control 
material consisted of healthy blood donors and has 
been described earlier.’ 

Assay of complement components. Complement 
components Clq, C3, and C4 were quantified by rocket 
electrophoresis by means of standard routine tech- 
niques.’ C2 was studied by crossed immunoelectropho- 


Primary 
IgM habitual abortion 


No. of patients 


Secondary 
habitual abortion 





35 22 57 
5 2 7 
10 4 14 
7 4 1] 
10 0 10 
67 32 99 


resis as described by Sjöholm and Sturfelt.’? The pres- 
ence of C4A and C4B, respectively, was demonstrated 
by crossed immunoelectrophoresis and by sodium do- 
decyl sulfate—polyacrylamide gel electrophoresis." 

Antinuclear antibodies. Antibodies against nuclear 
antigens were demonstrated by indirect immunofluo- 
rescence with the use of cryostat sections of rat tissue 
and smears of Crithidia luciliae for antibodies to double- 
stranded deoxyribonucleic acid. 

Circulating immune complexes. The Clq and solid- 
phase conglutinin techniques performed as used by 
Lambert et al.'? were used to demonstrate circulating 
immune complexes in serum. 

Statistical calculations. The differences between 
mean values were analyzed with the use of Student’s ¢ 
test for paired comparisons. Significant differences 
(p < 0.01) are indicated in the tables. 


Results 


Increased anticardiolipin antibody levels were de- 
monstrable in 42 of 99 women with habitual abortion 
(Table II). Cardiolipin antibodies exclusively of the IgM 
class were found in sera from seven patients. The IgM 
values were low (three to seven units). IgG antibodies 
against cardiolipin were demonstrated in sera from 35 
patients, 10 of whom, all with primary habitual abor- 
tion, showed values =10 units (Table II). 

There were no differences in the mean ages (Ta- 
ble I) or numbers of miscarriages (data not shown), 
respectively, between the various groups of women 
with different levels of anticardiolipin antibodies. The 
group of women with high levels of anticardiolipin an- 
tibodies (#10) consisted only of those with primary ha- 
bitual abortion (Table II). There were no differences 
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Fig. 1. The levels of anticardiolipin antibodies and complement factors C3 and C4 of Patient P. V., 
30 years old. She had suffered miscarriage in pregnancy week 15, 2 weeks before the first blood 


sample was obtained. 


Table II. Mean values of complement factors 
C3 and C4 in 32 sera containing 
anticardiolipin antibodies 





Anticardiolipin antibody ievel 






No.* 22 10 
C3t 106.7 + 26.7 96.5 + 22.0 NS 
C44 93.1 + 31.5 55.7 + 20.5 p< 0.014 


*Numbers of sera. (from different women with habitual 
abortion). 


tValues are given as percent of the normal mean value. 
¢Significance level, as tested by Student’s ¢ test. 


in the proportions of primary and secondary habitual 
abortion between the other groups of women with var- 
ious levels of anticardiolipin antibodies (Table II). 

The levels of complement components C3 and C4 
were determined in the first serum specimen available 
from 32 of 35 patients with IgG anticardiolipin anti- 
bodies. As can be seen from Table III the mean value 
of C4 in sera with anticardiolipin antibody levels of 210 
units was significantly lower than that in sera with values 
of anticardiolipin antibody between three and nine 
units (p < 0.01). The mean value of the latter group 
did not differ significantly from that of healthy control 
subjects. The mean values of C3 were normal and sta- 
tistically the same in the two groups. 

Antinuclear antibodies were demonstrated in sera 
from a total of nine patients, four of whom were an- 
ticardiolipin antibody negative, one had anticardiolipin 
antibodies of IgM class only, and the remaining four be- 
longed to the group with IgG anticardiolipin antibody 
values =10 units (Table IV). The antinuclear antibody 
titers were low (1/10 to 1/25) in sera from all women 
except one in whom antibodies to double-stranded de- 
oxyribonucleic acid also could be demonstrated. This 
patient fulfilled the diagnostic criteria of systemic lupus 


erythematosus although’ her clinical symptoms were 
mild and mainly characterized by arthralgia. 

The 10 patien:s with the highest anticardiolipin an- 
tibody levels (=10 units) were followed up with con- 
secutive analyses for at least 12 months. The anticar- 
diolipin antibody levels were rather unaffected by preg- 
nancy and therapy during the observation period as 
exemplified in Figs. 1 and 2. The normal C3 levels and 
the low C4 values were also rather constant. During 
prednisolone treatment in pregnancy some patients 
displayed a tendency of the C4 values to increase to- 
ward normal levels, as illustrated in Fig. 2. 

IgG antibodies to cardiolipin were found in sub- 
classes 1 to 4, with certain individual variations of the 
relative distribution (Table iV). 

The cause of the decreased C4 values was studied in 
sera from the seven patients with the highest anticar- 
diolipin antibody values by analyzing the presence of 
the two C4 gene products C4A and C4B by crossed 
immunoelectrophoresis and sodium dodecyl sulfate— 
polyacrylamide gel electrophoresis. In all serum sam- 
ples but one the presence o7 C4A as well as C4B could 
be demonstrated (Table IV). Thus there was no indi- 
cation of an increased frequency of two silent C4 alleles 
within the same locus explaining the low C4 values. 

Activation of the early components of the classical 
pathway was studied in plasma by quantitation of Clq 
and by measurirg the amounts of cleaved C2 by crossed 
immunoelectrophoresis (Table IV). The Clq values 
were all within the normal ranges, whereas in all pa- 
tients investigated cleaved C2, C2a, was demonstrated 
by crossed immunoelectrophoresis. C2a was not found 
in normal plasma. Accordingly, the decreased C4 levels 
could at least partly be explained by an activation of 
complement by the classical pathway. 

Circulating immune complexes were demonstrated 
by either one or both techniques used in eight of the 
10 sera investigated (Table IV). 
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Fig. 2. The levels of anticardiolipin antibodies and complement factors C3 and C4 of Patient E. L., 
35 years of age. She had experienced her sixth miscarriage in week 11, 2 months before the first 
blood sampling. The second blood sample was drawn 10 months later, in pregnancy week 14. 
Prednisolone treatment was initiated in pregnancy week 17. In week 33 she was delivered by cesarean 
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section of a healthy female infant weighing 1680 gm. 
Comment 


Our patient material consisted of a consecutively re- 
ferred nonselected population o? habitually aborting 
women (who had suffered three or more abortions), 
among whom obvious causes for the repeated abortions 
had been ruled out by clinical investigations. None of 
them was considered to have systemic lupus erythe- 
matcsus when referred to us. It was therefore surpris- 
ing to find that as many as 42% of them had elevated 
anticardiolipin antibody values, in 10 cases to very high 
levels (=10 units). 

Antibodies to cardiolipin were Semonsuateds in sera 
from a total of 42 patients. Seven of them had only 
IgM antibodies and 35 had IgG antibodies. Most of the 
latter also had demonstrable IgM antibodies. The anti- 
cardiolipin activity of purified IgM and IgG fractions 
was not investigated separately. Thus we do not know 
to’ what extent the outcome of the enzyme-linked im- 
munosorbent assay determinations was influenced by 
the presence of both IgM and IgG antibodies, which 
might be of different affinity and avidity. Therefore, 
we have chosen to report the values of IgG anticardio- 
lipin antibody levels. Moreover, in most cases the an- 
tibody activity of IgM was lower than that of IgG. 
The IgG anticardiolipin antibodies were demonstrated 
within IgG subclasses 1 to 4 (Table IV) although with 
individual quantitative variations. 

Anticardiolipin antibodies are only rarely demon- 
strated in healthy control subjects.’* Increased levels 
have been found mainly in patients with systemic lupus 
erythematosus in whom disease-raised anticardiolipin 
levels haye been associated with thromboembolic man- 
ifestations as well as with recurrent abortions. Two of 
the 99 women with habitual abortion had had deep 
venous thromboses. They were found in the groups of 
women with anticardiolipin antibody levels of three to 
four and #10 units, respectively. None of our patients 


had a primary diagnosis of systemic lupus erythema- 
tosus but during the follow-up studies one patient with 
anticardiolipin antibody levels of 210 fulfilled the di- 
agnostic critera of systemic lupus erythematosus. 

Moderately increased levels of anticardiolipin anti- 
bodies are occasionally found in patients with various 
infections.” In those patients, however, the production 
of antibodies to cardiolipin seems to be temporary, as 
investigation of serum samples drawn a year after the 
original study showed a return to normal levels in all 
cases but one, in which the patient had a chronic staph- 
ylococcal infection.’ The cause of these elevated anti- 
cardiolipin levels is unknown but they may be a part 
of a polyclonal antibody activation related to the acute 
infection. 

The present anticardiolipin antibody levels were low 
or moderately elevated in sera from most women with 
habitual abortion, but in 10 cases (10%), all in women 
with primary habitual abortion, markedly high values 
(210 units) were registered and seven of the women 
had. anticardiolipin values between 20 and 40 units. 
According to our experience levels of 210 units are 
very rare in patients with acute infections and values 
of 220 units are only occasionally seen in randomly 
selected patients with systemic lupus ‘erythematosus 
and, if so; symptoms compatible with those of throm- 
boses are present.® Our patients were followed up with 
repeated analyses during 15 to 48 months. As seen in 
Figs. | and 2 the anticardiolipin antibody levels were 
rather constant and independent of pregnancy and ste- 
roid therapy during the study. The same observation 
has been made in patients with systemic lupus erythe- 
matosus in whom the anticardiolipin antibody values 
usually are unrelated to disease activity and therapy.” 

There were no differences in the mean ages (Ta- 
ble I) or numbers of miscarriages, respectively, between 
the various groups of women with different levels of 
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Table IV. Anticardiolipin antibodies and complement components 







Presence of enticardilipn antibodies 





IgG 
anticardiolipin 
antibodies (units) 






Patients 





L.S 17 64 
E.L 32 H ae ‘ i 87 
M.P 21 +++ ++ ++ + 94 
A.-K.N 29 +++ +++ — + 93 
M:B 28 +++ (+) — + 92 
A.E 37 + +++ — + 86 
P.V 24 + +++ — ++ 105 
U.G 17 +++ ++ ++ + 112 
A.N 10 ++ — + 140 

+ + 112 


anticardiolipin antibodies. The group of women with 
high anticardiolipin antibody levels (=10) consisted 
only of those with primary habitual abortion (Table IT). 
The proportions of primary to secondary habitual 
abortion were the same, respectively, in the other 
groups of women with various levels of anticardiolipin 
antibodies (Table II). 

Typical of most sera with highly raised anticardio- 
lipin values were levels of comp:ement factor C4 that 
were below.or.at the lower normal range whereas most 
of the C3 levels were well within the normal ranges 
(Table III). With few exceptions the same observations 
have also been’ made in patients with thromboemibolic 
manifestations and high anticardiolipin levels (Norberg 
R, et al., unpublished observations). 

The cause of the C4 deċrease is not entirely clear. 
The ‘production of C4 is governed by two gene loci, 
C4A and C4B, on chromosome six. About 20% of pa- 
tients with’ systemic lupus erythematosus have been re- 
ported to ‘have two silent alleles within the samé locus 
in comparison with <5% in healthy control’ subjects." 
Since only one of the 10 patients with high levels of 
anticardiolipin antibody lacked one of the gene prod- 
ucts there was no-obvious evidence for an increased 
incidénce of genetic defects explaining the low C4 levels 
in these 10 patients. On the other hand, the C2 cleavage 
demonstrated by crossed immunoelectrophoresis in- 
dicated an increased complement. activation by the clas- 
sical pathway. The C3 values were with some exceptions 
normal, but this does not, however, exclude that.the 
turnover of C3 also was increased. To what extent re- 
actions between anticardiolipin antibodies and corre- 
sponding antigens contributed <o the complement ac- 
tivation has not been investigated. Most of these 10 sera 
contained circulating immune complexes but the struc- 
ture of these complexes has not been studied. 

It was, however, remarkable that the C4 values re- 
mained low during the observation period in most 
cases. The patients had no clinical symptomis and they 


- considered themselves healthy. The same observation 


has also been made in ‘othe patients, who have been 
followed up. for several years after an acute throm- 
boembolic episode.® They hed continuously high levels 
of cardiolipin antibodies and low C4 values, which re- 
mained so during a long observation period without 
any signs of new thromboses® (Norberg R, et al., un- 
published data). 

The persistingly very high anticardiolipin antibody 
levels and signs of complement activation via the clas- 
sical pathway as well as the Increased frequency of an- 
tinuclear antibodies in 10 o: - the women with primary 
habitual abortion indicate that these women compose 
a special group exhibiting immunologic reactions with 
features similar to those of systemic lupus erythenia- 
tosus. This justifies that these patients will be carefully 
surveyed with’ regard to tke development of clinical 
symptoms of systemic lupus erythematosus. 

The women with low or moderately increased levels 
of anticardiolipin antibodies did not stand out clinically 
from those with normal levels. There is no apparent 
explanation of théir elevated anticardiolipin antibody 
levels. The women were not pregnant at the time of 
investigation and the time since the last miscarriage 
varied. The influence of pregnancy and abortion on 
the anticardiolipin antibody levels cannot be ruled out, 
the more so as the incidence of increased values ne 
normal pregnancy is not known. 

Negatively charged. phospholipids as cardiolipin are 
constituents of all cell membranes. Antibodies to car- 
diolipin have been attributed pathogenic importance 
by interacting with, for example, platelets and vascular 
endothelial cells. In this way mechanisms may be pro- 
voked that can lead to’an increased tendency for plate- 
let aggregation and other cellular events of importance 
for the coagulation process.* * There is, however, no 
definite support for .the direct pathogenic role of an- 
tiphospholipid/anticardiolipin antibodies either in pa- 
tients with systemic lupus erythematosus’ or in the pres- 
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Presence. of circulating 
immunoglobulin complexes 


Pama of 
C4A 


Presence of 
C4B (%) C2a’ 


54 + + 103 ++ + 
57 + + 94 ++ + 
63 + + 112 ++ + 
43 + — 122 ND + 
78 + + 9] (+) - 
36 + + 99 ++ + 
25 + + 112 +++ + 
58 + + 94 ++ - 
79 + + 113 + + 
67° + + 98 + + 
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ent group of aborting women. Tréatment with pred- 
nisolone and ‘minute doses of acetylsalicylic acid has 
resulted in living infants’* (Fig. 2), but the anticardio- 
lipin levels. were remarkably uninfluenced.by.the med- 
ication (Fig. 2) whereas the values of activated partial 
thromboplastin time decreased." 

Eight of these women with habitual abor-ion with 
elevated anticardiolipin antibody levels (two of them 
had =10 units) who had no demonstrable blozking- an- 
tibody. ` received leukocyte transfusions” and subse- 
quently had successful pregnancies without any therapy 
aimed, at diminishing the autoimmune aterration. 
Therefore; according to. our experience, even the oc- 
currence of high levels (>10 units) of antica-diolipin/ 
antiphospholipid antibody in a woman with. habitual 
abortion is not a definite reason for treatment with 
prednisolone and low-dose acetylsalicylic acid during 
pregnancy, which has been suggested.' Treatment 
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Fetal blood group determination in first-trimester pregnancy for 
the management of severe immunization 


Humphrey H. Kanhai, M.D., Jack Bennebroek Gravenhorst, M.D., 
Reinoud J. Gemke, M.D., Marijke A. Overbeeke, M.S., Luigi F. Bernini, M.D., and 


Geoffrey C. Beverstock, M.D. 
Leiden and Amsterdam, The Weihev lands 


The presence or absence of Rho (D) and Kell anga on fetal red biood cells was determined i in the first 
trimester of pregnancy on erythrocytes obtained by chorionic villi sampling with the use of mixed 
agglutination and solid phase microimmunofluorescence tectiniques. Pregnancies in one Kell-sensitized 
woman and seven severely RH-sensitized women with a poor obstetric history and a partner heterozygous 
for the offending antigen were examined. A conclusive diagnosis could be made in seven of the eight 


cases studied. (AM J OBSTET GYNECOL 1987;156:120-3.) 


Key words: Rh immunization, Kell sensitization, chorionic villus sampling, first-trimester 
fetal blood group typing, mixed agglutination; microimmunofluorescence 


The technique of chorionic villus sampling was in- 
troduced in the 1970s' and has become widely used for 
the diagnosis of genetic disorders in the first trimester 
of pregnancy. Apart from syncytiotrophoblast, cytotro- 
phoblast, and connective tissue, the villous material ob- 
tained by chorionic villus sampling between the eighth 
and eleventh weeks of gestation contains distinct fetal 
vessels.? This offers the opportunity to study blood 
group. antigens involved in hemtolytic disease of the 
fetus and the newborn infant. 

Erythroblastosis fetalis resulting from incompatibility 
of the Rhg.(D) ‘antigen still occurs despite the intro- 
duction and wide application of anti-Rh, (D) immune 
globin prophylaxis.” In additicn, severe hemolytic dis- 
ease of the newborn infant can be caused by other, so- 
called irregular blood group incompatibilities. To pre- 
vent adverse perinatal outcome, severely, immunized 
patients are managed with a variety of invasive diag- 
nostic and therapeutic procedures. In the event that 
the partner of such a patient is heterozygous for the 
blood group antigen involved. knowledge of the fetal 
blood group in early pregnancy permits a more rational 
management of the index pregnancy. If the fetus lacks 
the offending paternal antigen, unnecessary diagnostic 
and therapeutic procedures can be prevented. On the 
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other hand, if, the fetus appears to be positive, the 
choice can be either to terminate pregnancy or to ini- 
tiate specific diagnostic and therapeutic procedures 
early in pr egnancy. This report is part of an ongoing 
study investigating the expression of various blood 
group antigens in chorionic villus material in the first 
trimester of pregnancy; methodologic aspects of it have 
been reported on previously." ® The present report 
deals with the chorionic villus sampling technique used, 
the preparaticn of a cell suspension containing fetal 
erythrocytes, and the techniques for antigen detection 
in eight severely sensitized pregnancies. 


Patients and methods 


Patients. One woman severely immunized against 
the K antigen and seven women severely immunized 
against the Rh, (D) antigen with a poor obstetric history 
and a heterozygous partner requested first-trimester 
fetal blood group determination. Six of them had re- 
quested termination of pregnancy unless the fetus 
could be shown to be negative for the blood group 
antigen in question. The characteristics of the eight 
patients are listed in Table I. Four of them had expe- 
rienced at least one peririatal loss due to the blood 
group antagonism. The other four women had been 
delivered of at least one infant with severe erythro- 
blastosis fetalis. 

Chorionic villus sampling. Between the eighth and 
eleventh weeks of gestation, a transcervical trophoblast 
biopsy was taken with a flexible cannula with a diameter 
of 1.5 mm (Pertex or KCH cannula). Under real-time 
ultrasound guidance, the tip of the cannula was di- 
rected to the insertion of the umbilical cord in the cho- 
rion fronidosum. The obturator was withdrawn, a 20 
ml syringe was attached to the catheter, and about 15 
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Number ] 


Table I. Characteristics of patients 


Patient No. 
a ee ee ee 
Parity 2 3 2 2 l 3 3 ] 
Immunization Rho (D/C) Rho (D) Rho (D) K Rho (D/E Rho (D) Rho (D/C) Rho (D) 
Indirect antiglobulin test 4000/32 2009 8000 1000 128/4 4000 4000/32 512 
ADCC assay* (%) >100 >100 >100 82 78 >100 >100 87 
Partner's phenotype CcDee CcDee CcDee Kk ccDEe ccDEe CcDee CcDee 


*ADCC: Antibody-dependent cell-mediated cytctoxity.® 


Table II. First-trimester fetal blocd group determination in eight patients with severe immunization 




















Indication 
for chorionic 
villus sampling 


Weeks’ gestation 
at chorionic 
villus sampling 


Patient 
No. 






Technique” 





Fetal blood 
group factor 









Confirmation of 
biopsy diagnosis 






Results of follow-up 






l Rho (D) 9 I Rho (D/C) positive Termination at 10 wk Yes 
2 Rho (D) 8-10 I Rho (D) positive Termination at ll wk Yes 
3 Rho (D) 9-1] Í Rho (D) negative Delivery at term Yes 
4 Kell 9 i K positive Delivery at 31 wk Yes 
5 Rho (D) 10 I+ II Rho (D/E) negative Delivery at term Yes 
6 Rho (D) 9-11 I+ Rho (D) negative (?}} © Delivery at term Rho (D) negative 
7 Rho (D) 10 I+ Rhy (D/C) positive Termination at ll wk Yes 
8 Rho (D) 10 I+ II Rho (D) positive Delivery at 35 wk Yes 


+I; Mixed agglutination technique; II: solid phase microfluorescence technique. 
ĦNo conclusive diagnosis possbile because the majority of fetal erythrocytes were damaged. 


ml of suction was applied. The biopsy specimen was 
flushed out into a Petri dish containing heparinized 
saline solution. The material was immediately exam- 
ined under a dissecting microscope and considered to 
be adequate when 20 mg (or more) of vascularized 
chorionic villi was obtained. 

Isolation of fetal erythrocytes. Maternal tissue (mu- 
cus and decidua) was removed with a Pasteur pipette 
leaving the aspirate containing fluid (portion 1) and 
trophoblast. The trophoblast was isolated, minced, and 
washed in heparinized saline solution (portion 2). The 
minced villi were collected for culture overnight in 
Ham’s F10 medium. After 24 hours the culture fluid 
was removed and examined (portion 3). 

About 1 ml of each of the portions 1, 2, and 3 was 
stained with a fluorescent antifetal hemoglobin anti- 
serum. With phase contrast and Huorescence micros- 
copy, fetal erythrocytes can be differentiated from ma- 
ternal cells because of the intensity of their Huorescence 
and their larger size, thus allowing the percentage of 
fetal erythrocytes in the biopsy specimen tc be cal- 
culated. 

Determination of fetal blood group antigen. The 
presence of Rho (D)—positive erythrocytes in the biopsy 
material can be demonstrated by a mixed agglutination 
technique for the detection of a minor erythrocyte pop- 
ulation.’ A modification of this technique was used 
when dea:ing with Rh antigens®; for Kell determination 
we used the original technique.’ In the presence of 


Rho (D)—positive erythrocytes, rosette formation occurs 
after centrifugation. The sensitivity of this technique 
in our application is at the level of one positive fetal 
erythrocyte per 1024 maternal Rho (D)—negative cells.’ 
At first, the mixed agglutination technique was used, 
but to overcome limitations of sensitivity and specificity 
of the mixed agglutination test, we developed a solid 
phase microfluorescence technique to detect the minor 
populations of positive erythrocytes. This technique is 
described in detail elsewhere® and allows ABO and Rh 
phenotypes of a minor cell population to be determined 
at the ratio of 1 in 4000. This microfluorescence tech- 
nique was used in the last four cases of this study. 


Results 


Results of the eight pregnancies studied are sum- 
marized in Table II. In Case 1, 40 mg of trophoblast 
tissue was obtained after one sampling attempt. All 
three portions contained fetal red blood cells and the 
mixed agglutination technique showed two rosettes per 
100 total red blood cells, indicating that the fetus was 
Rho (D) positive. One week after chorionic villus sam- 


. pling the pregnancy was terminated by suction curet- 


tage and the presence of an Rho (D)—positive fetus was 
confirmed by both standard and mixed agglutination 
techniques. 

In Case 2, the first chorionic villus sampling was at- 
tempted at 8 weeks of gestation. A total of 40 mg of 
villous tissue was obtained. Although the villi contained 
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several blood vessels, fewer than one fetal erythrocyte 
per 1000 maternal red blood cells was present in por- 
tions | to 3, and typing of the fetal cells was impossible. 
Clotting in the villous vessels was a possible cause of 
this failure. The chorionic villus sampling was repeated 
10 days later when portion 3 contained 2% fetal eryth- 
rocytes with rosette formation in the mixed aggluti- 
nation technique. This pregnancy was terminated at 11 
weeks and the diagnosis was confirmed. 

In Case 3, only the second chorionic villus sampling 
attempt produced sufficient chorionic villi but an in- 
sufficient number of fetal erythrocytes. The third at- 
tempt at 11 weeks afforded percentages of fetal eryth- 
rocytes in portions l, 2, and 3 of 0.2%, 1.5%, and 
0.2%, respectively. No rosette formation could be de- 
tected in the mixed agglutination technique, indicat- 
ing an Rho (D)—negative fetus. After an uneventful 
pregnancy and spontaneous labor at term a healthy 
Rho (D)—negative female infant (3780 gm) was born. 

Case 4 is the first reported case of typing for K in 
the first trimester of pregnancy. The first biopsy pro- 
vided only 10 mg of chorionic villi and a second catheter 
insertion was undertaken to ensure that enough fetal 
erythrocytes were collected for the mixed agglutination 
technique. Our study had thus far shown that the K 
antigen cannot be detected by the microfluorescence 
technique.” This second biopsy attempt resulted in a 
decidual hematoma and the procedure was immedi- 
ately terminated. Rosettes (0.5% to 1%) were seen in 
the preparations and a likely diagnosis of a K-positive 
fetus was made. The patient decided to continue her 
pregnancy and weekly plasmaphereses were started. 
The pregnancy was complicated by recurrent vaginal 
bleeding and preterm rupture of the membranes after 
the first intrauterine transfusion at 23 weeks. In total, 
four intrauterine transfusions were necessary. At 31 
weeks of gestation a healthy female infant weighing 
1560 gm was born by elective cesarean section. The 
neonatal period was uneventful apart from the need 
for several blood transfusions. In Case 5, 60 mg of 
chorionic villi was obtained after one sampling attempt. 
In portion 2, which contained 2% fetal erythrocytes, 
no rosettes were detected in the mixed agglutination 
test. Microfluorescence revealed no reaction with anti— 
Rho (D) or anti-Rhg (E), indicating that the fetus was 
Rho (D) and Rho (E) negative. The patient was referred 
to her obstetrician at a district hospital near her home. 
After an uneventful pregnancy and induction of la- 
bor at 39 weeks of gestation, a healthy Rho (D)- and 
Rho (E)—negative male infant weighing 3460 gm was 
born. 

In Case 6, chorionic villus sampling was technically 
difficult and resulted in 5 mg of villi after four attempts. 
Although the percentage of fetal erythrocytes was 
0.8%, a conclusive diagnosis was impossible (Table II). 
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The patient refused further chorionic villus sampling 
attempts. Her pregnancy was uneventful. At term she 
was delivered cf a healthy Rho (D)—negative male infant 
weighing 3525 gm. 

In Case 7, two biopsy ettempts provided 25 mg of 
villous material. Both the mixed agglutination and 
the immunofluorescence tests were positive for anti- 
Rho (D) and the microfluorescence technique also was 
positive for anti-Rho (C). This patient decided to ter- 
minate the pregnancy and the results were confirmed 
in the abortion material. 

In Case 8, one biopsy attempt produced 60 mg of 
tissue with 1% fetal erythrocytes in portions 1, 2, 
and 3. The results of both the mixed agglutination and 
the microfluorescence techniques indicated that the fe- 
tus was Rho (D) positive. This patient decided to con- 
tinue her pregnancy and weekly plasmaphereses were 
started. After three intrauterine transfusions labor was 
induced at 35 weeks of gestation. A healthy female 
infant weighing 2700 gm was born and subsequently 


-© did well. 


Comment 


The results of our stud» thus far have demonstrated 
the feasibility of Rh and Kell typing of fetal erythrocytes 
obtained by chorionic villus sampling. With a modified 
mixed agglutination technique”? and microfluoresc- 
ence,’ a conclusion about the fetal blood group was 
possible in seven of the eight cases studied. In one 
patient the Rhy (D) status of the fetus could not be 
determined, although there were 0.8% fetal erythro- 
cytes in the chorionic villus sampling material. Chori- 
onic villus sampling was difficult in this obese patient; 
although no rosettes were seen and fluorescence was 
negative, a conclusive diagnosis was impossible because 
of damaged fetal erythrocytes. However, pregnancy 
was uneventful and the child was Rho (D) negative. In 
the two cases in which the fetus was Rho (D) negative, 
pregnancies followed a natural course. Of the five preg- 
nancies in which the fetus was Rho (D) positive, three 
were terminated with suction curettage with the patient 
under local aresthesia. In the remaining two pregnan- 
cies, plasmapheresis and intensive management were 
started at 10 to 11 weeks. 

The laboratory techniques (mixed agglutination and 
microfluorescence) are based on the principle of the 
detection of a blood group on a minor (fetal) red blood 
cell population that is nct present on the major (ma- 
ternal) red blood cell population. As the majority of 
erythrocytes in all biopsy specimens are of maternal 
origin, only the demonstration of rosettes or fluores- 
cence is conclusive. In cases in which there is no rosette 
formation and the fluorescence is negative, on the other 
hand, it can only be concluded that the fetus is negative 
for the blood group under investigation if there are an 
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adequate number of fetal erythrocytes in the biopsy 
specimen. A further chorionic villus sampling attempt 
can be necessary in such cases. 

Determination of a fetal blood group in the first 
trimester of pregnancy is of great advantage for se- 
verely immunized patients with a heterozygous partner. 
Until recently, the antenatal- determination of fetal 
blood group was only possible from the second trimes- 
ter on by fetoscopy® and ultrasound-guided percuta- 
neous needle puncture of an umbilical vessel. The 
risks of fetal blood group determination in the first 
trimester by chorionic villus sampling are probably less 
than in second-trimester procedures. Moreover, cho- 
rionic villus sampling has the advantage that an early 
diagnosis is possible. However, the risks of chorionic 
villus sampling must also be considered. In 11,819 
pregnancies (90 centers) the maximal fetal loss rate 
after chorionic villus sampling was 4%." Since the ob- 
stetric risks of chorionic villus sampling are still not fully 
understood, the technique must presently be consid- 
ered as an applied research procedure,’* * which re- 
quires further evaluation. In our group of eight pa- 
tients, one pregnancy was probably complicated as a 
result of the procedure. Another risk of chorionic villus 
sampling for this type of patient is fetomaternal trans- 
fusion resulting in an increase of antibody levels. In 
our group of eight patients there were two with sen- 
sitized fetuses who wished to continue their pregnan- 
cies. No significant rise in antibody levels was detected 
in these patients. Although chorionic villus sampling is 
known to cause a rise of a-fetoprotein in a siznificant 
number of patients, this is by no means conclusive ev- 
idence of fetomaternal hemorrhage.” 

Termiration of pregnancy after chorionic villus sam- 
pling when the fetus is found to be Rho (D) positive 
deserves special comment. Since anti-Rho (D) serum 
does not exist, the likelihood that a subject is hetero- 
zygous for Rho (D) can be estimated only after the 
rhesus phenotype has been determined. This implies 
a chance of error in the estimation of heterozygosity 
for Rhy (D). Other diagnostic tools, such as the obstetric 
history and phenotyping of sibs of the partner, are 
important for a more definitive conclusion concerning 
the paternal genotype. 

When all these considerations are taken into account, 
chorionic villus sampling for fetal blood group typing 
must be reserved for a highly selected group of patients, 


First-trimester fetal blood group typing 123 


who will require detailed follow-up. Good counseling 
before pregnancy remains of paramount importance. 


Our thanks are due to Mr. R. J. Meerman for expert 
ultrasonic assistance and to Prof. C. P. Engelfriet and 
Prof. M. J. N. C. Keirse for their support. 
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Determination of fetal red blood ceil Kell antigen is possible on fetal red blood cells abtained at 1C weeks 
of gestation by chorionic biopsy and may contribute to the management of severe Kell-hemolytic disease. 
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As has been shown for Rh, (D) immunization,' it 
would be of great help for severely immunized women 
with anti-Kell antibodies and with a partner heterozy- 
gous for Kell antigen to have the fetal Kell antigen 
status determined in early pregnancy. 

A chorionic biopsy was performed before termina- 
tion of pregnancy. The cell suspension obtained after 
mincing of the chorionic villi collected by aspiration 
with a syringe through a Portex catheter reliably con- 
tained, as shown by the Kleihauer test, 1% fetal red 
blood cells among the maternal red blood cells. An 
immunogold silver staining technique as previously de- 
scribed? was used for the demonstration of the Kell 
antigen. Briefly, this technique was performed on a 2% 
red blood cell suspension and successively used an anti- 
Kell serum, a rabbit antihuman immunoglobulin G se- 
rum, and a colloidal gold—labeled goat antirabbit se- 
rum, followed by silver sensitization. The developed 
cytocentrifuged preparations were counterstained with 
standard May-Griinwald Giemsa stain and examined 
under a light microscope. As many of the fetal red 
blood cells were erythroblasts, they were easily identi- 
fied. A positive control consisting of a suspension of 
1% Kell-positive red blood cells among Kell-negative 
red blood cells was observed.. The Kell-positive cells 
were heavily coated with gold-silver particles whereas 
Kell-negative cells had no such particles on their sur- 
faces. We also demonstrated by this technique Kell an- 
tigen on fetal red blood cells obtained by chorionic 
biopsy before termination of 2 9 weeks’ gestation from 
a Kell-positive mother. 
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Case report 


A 29-year-old woman, gravida 3, para 2, who had 
never received a blood transfusion, was referred be- 
cause of fetal death early in the third trimester in her 
two previous pregnancies. After the second delivery, a 
Kell hemolytic disease was suggested by a high maternal 
anti-Kell uter (Coombs 1/1000). The phenotype of the 
patient and her husband were established, being ccdee, 
kk and CCDee, Kk, respectively. We discussed with 
these parents who were facing a pregnancy with a risk 
of severe Kell-hemolytic disease (the father being het- 
erozygous for the Kell antigen), the possibility of fetal 
red blood cell Kell antiger. determination. Termination 
of pregnancy if the fetus appeared to be Kell positive 
was offered as an alternative to difficult and uncertain 
fetal management. With zhe immunogold silver stain- 
ing technique described,” we were able to demonstrate 
that the fetal red blood cells collected at 10 weeks of 
gestation by chorionic biopsy did not possess the Kell 
antigen. The maternal anti-Kell titer was high (1/2000). 
At 24 weeks of gestation a pure fetal blood sample (3 
ml) was obtained by direct puncture of the umbilical 
cord with a 2l-gauge needle under ultrasound guid- 
ance. The phenotype of the fetal red blood cells was 
shown by standard agglutination methods to be O, 
CcDee, kk, thus confirming our previous finding in 
fetal red blood cells at 19 weeks. The direct Coombs 
test was negat:ve. A 3760 gm healthy female infant was 
delivered after spontaneous labor at 38 weeks’ gesta- 
tion. The direct Coombs test was negative and the fetal 
phenotype O, CcDee, kk was confirmed in the cord 
blood. 


Comment 


This is the first report of Kell antigen demonstration 
on fetal red blood cells obtained by chorionic biopsy in 
the first trimester of pregnancy. For couples facing a 
high-risk pregnancy because of Kell hemolytic disease, 
abortion of a Kell-positive fetus could be an alternative 
to difficult and uncertain management. On the con- 
trary early demonstration of a kk fetal phenotype 
would relieve anxiety and prevent unnecessary later 
diagnostic procedures. 
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Spontaneous rupture of the membranes, functional dystocia, 
oxytocin treatment, and the route of delivery 


Joseph Seitchik, M.D., Alan E. C. Holden, M.A., and Maria Castillo, R.N. 


San Antonio, Texas 


The details of clinical management were examined in 96 nulliparous patients with functional dystocia who 
had spontaneous rupture of the membranes before admission and were treated with oxytocin in the first 
stage of labor. it was our hypothesis that if the allegedly “high” rate of cesarean sections was the result of 
mediocre or flawed practices, these should be most evident in patients delivered abdominally. A group of 
59 patients delivered vaginally were compared with 37 patients delivered by cesarean section. The means 
of many variables were not Statistically different. The cesarean section group was characterized by smaller 
stature, a lesser cervical dilatation rate both before and after oxytocin administration, a larger maximum 
oxytocin dose, a longer period of oxytocin administration, more frequent cessation of oxytocin 
administracion or dose reduction because of hypercontractility or an abnormal fetal heart rate or both, and 
a higher incidence of intra-amniotic infection. We conclude that the decision to perform cesarean section in 
nulliparous women with functional dystocia arises from disabilities of the patient and not from differences in 
the application of our management principles, services, or treatments. (AM J OBSTET GYNECOL 


1987;156:125-30.) 


Key words: Spontaneous membrane rupture, oxytocin, functional dystocia, cesarean section 


In a previous study of patients with intact membranes 
and functional dystocia, we demonstrated thaz the ap- 
plication of our diagnostic and therapeutic concepts 
and techniques was no different in the patients who 
were delivered by cesarean section or vaginally.' We 
concluded that these modern management principles 
are not contributors to the increased rate of abdominal 
delivery. In this study, the same question was asked 
concerning patients with spontaneous rupture of the 
membranes before hospital admission and who had 
spontaneous labor: Were the diagnostic and therapeu- 
tic practices different in the groups of patients deliv- 
ered vaginally and abdominally? 


Methods 


Study patients were selected in the following manner. 
During the approximate year from April 1, 1983, to 
March 10, 1984, 300 consecutive cesarean sections were 
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VAGINAL CESAREAN 
(600) (300) 
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SPONTANEOUS RUPTURE OF THE AMNION PRIOR TO ADMISSION 
AND SPONTANEOUS ONSET OF LABOR 


a ee re re eee re ee Se Hee NN PH a mr er a 


ee i te EN Ake Ee HO A AP A APR ee mY PH rt St r 


YES NO YES NO 
597 152 43 10 
CESAREAN FOR 
CESSATION OF 
DILATATION DESCENT’ 
IN THE FIRST IN THE SECOND 
STAGE STAGE 
37 6 


Fig. 1. The plan of the study. Three hundred patients deliv- 
ered abdominally of a singleton fetus formed the cesarean 
section group. The first nulliparous patient delivered vaginally 
of a singleton fetus just before and the first delivered just after 
the cesarean section formed the. vaginal delivery group (N = 
600). The 59 patients with spontaneous rupture of the mem- 
branes and oxytocin therapy who were delivered vaginally 
were compared with the 37 patients with failure to achieve 
complete dilatation and who were delivered abdominally. As- 
terisk, One patient with extensive missing data was excluded. 
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Table I. Data from admission to decision for oxytocin 
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Cesarean Vaginal 
section delivery - p 


No. of patients- 37 59 — 
Age <20 yr (%) . 62 7] NS 
Height <60 inches (%) 4] 5 <0.001 
Duration of pregnancy | 

Preterm (%) 3 15 

Postterm (%) 24 12 
Admission at first labor room visit (%) 87 78 NS 
Admission initiated by patient (%) 89 88 NS 
Preeclampsia diagnosed at admission and treated with magnesium 30 14 NS 

sulfate (%) 
Patients with no or irregular contractions at ueo (%). 32 NS 
Elapsed time from_admission to decision for oxytocin (hr, mean + SD) S23 7 6.7 + 3.8 NS 
Cervical dilatation (cm, mean + SD) 

At admission 24+ 1.4 2.6 + 1.4 NS 

Before oxytocin 3.8 + 1.6 4.3 + 1.6 NS 
Cervical dilatation rate from admision to last examination before start 0.2 + 0.1 0.3 + 02 <0.01 


of oxytocin (cm/hr, mean + SD) 


performed in nulliparous patients with singleton fe- 
tuses. The last nulliparous woman who was delivered 
vaginally just before each cesarean section and the first 
who was delivered just afterward composed the control 
group (Fig. 1). There. were 265 patients who experi- 
enced spontaneous rupture of the membranes and 
spontaneous onset of labor. Of the 212 who were de- 
livered vaginally, 60 of 212 (28%) required oxytocin. 
One of the 60 patients had so little information, re- 
corded that her data were removed from the vaginal 
delivery group, with 59 patients remaining in that set. 
Of the 53 patients who were delivered by cesarean sec- 
tion, 43 of 53 (81%) received oxytocin. Failure to attain 
complete dilatation was observed in 37 of 43 (86%) and 
these 37 cases. formed the cesarean section group. The 
Statistical Package for the Social Sciences was used for 
data analysis,” and the statistical methods included ,’, 
two-tailed Student’s £ test, one-way analysis of variance, 
and multiple regression. Faculty members of the De- 
partment of Obstetrics and Gynecology and obstetric 
and family practice residents served as the attending 
physicians. The decision to use oxytocin was the judg- 
ment of senior obstetric residents or faculty; the choice 
of cesarean section was the prerogative of the faculty; 
the interim care was provided by junior residents. No 
specific oxytocin regimen was used; any dosage sched- 
ule recommended in textbooks or peer-reviewed jour- 
nals was Cee: 


Results 


_ The only significant differences at admission between 
the abdominal and vaginal delivery groups as to the 
decision to start oxytocin were in the heights of the 
patients and the mean cervical dilatation rates (Ta- 
ble 1). The elapsed mean duration of time from ad- 
mission to complete dilatation (vaginal group) or to the 
decision for cesarean section was grossly longer in the 


group delivered abdominally (Table II). This result ob- 
tained because the cesarean section patients averaged 
5 more hours ‘7.8 versus 2.8) from the start of oxytocin 
to the final dose change. The other time segments of 
the patients’ stay in the labor suite—from admission to 
the decision for oxytocir., from the decision for oxy- 
tocin to its start, or from the last dose change to com- 
plete dilatation (vaginal group) or to the decision for 
cesarean section—were similar. This prolonged period 
of dose selection in the cesarean section group was as- 
sociated with a significantly higher mean maximum 
dose and a greater incidence of stopping or reducing 
the dose. The rate of incrementation of the oxytocin 
dose was similar in both groups, as was the frequency 


. Of operative delivery associated with abnormal fetal 


heart rate, birth weight, and 5-minute Apgar score. The 
incidence of intra-amniotic infection diagnosed during 
labor was three times greater | in the cesarean section 
group (p < 0.01). . 

Both groups were examined at similar intervals after 
the start of oxytocin (Table II). The vaginal delivery 
group manifestec a significantly greater mean dilata- 
tion rate at each sequential examination, but the large 
standard deviations indicate that some patients had 
rapid dilatation and others little, if any. The patients 
destined to be delivered vaginally had full dilatation at 
a faster rate than the decision for abdominal delivery 
was reached in the cesarean section group. Almost two 
thirds of the vaginal delivery group had full dilatation 
by an average of 7.3 hours, but the decision for op- 
erative delivery had been made by a mean of 8.4 hours 
in only about one fifth of the cesarean section patients. 

_ Once functional dystocia was diagnosed and the de- 
cision to use oxytocin made, the remainder of the labor 
room stay of che patients undergoing cesarean section 
was composed mainly of the period from the start of 
oxytocin to the last dose change (an average of 7.8 of 
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Table II. Data after decision to use oxytocin 


Nc. of patients 
Elapsed time (hr, mean + SD) 
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aT 59 _ 


From decision for oxytocin to start of oxytocin 0.7 + 0.7 0.6 + 0.5 NS 
From start of oxytocin to last dose change 7.8 + 5.6 28 +28 <0.001 
From last dose change to complete dilatation or decision for 2.5: 22.9 2 ee NS 
cesarean section 
From admission to complete dilatation or dec:sion for 19.1 + 6.5 12.7 + 5.4 <0.001 
cesarean section 
Cervical dilatation rate (cm/hr, mean + SD), frem decision for 0.22 0.2 14+ 1.0 <0.001 
oxytocin to complete dilatation or decision for cesarean 
section 
Dose of oxytocin (mU/m) 
Maximum (mean + SD) 7.8 + 6.0 46+ 3.5 <0.00] 
Maximum <10 (%) 92 68 <0.01 
Final (mean + SD) 6.4 + 5.0 4.3 + 3.3 <0.02 
Oxytocin stopped or dose reduced for abnormal fetal heart 46 19 <0.005 
rate or hypercontractility (%) 
Oxytocin incrementation* rate (%) NS 
None 5 19 
<30 min/mU 5i 46 
>29 min/mU 43 36 
Operative delivery associated with abnormal fetal heart rate (%) 14 5 NS 
Patients with intra-amniotic infection before del:very (%) 38 12 <0.01 
Apgar score <7 at 5 min (%) 0 3 NS 
Birth weight (gm, mean + SD) 3515 + 538 3329 + 458 NS 


*The mean of the shortest pair of intervals between dose changes or the only interval if only one dose change. 


Table ITI. Cervical dilatation rates observed at six sequential examinations after start of oxytocin 








Patients remaining for study 





Cesarean Vaginal 
Sequential section delivery 
examination Cesarean 
] Fi 100 59 100 2.6 + 1.4 
2 36 97 56 95 413+ 18 
3 35 95 47 80 ai 20) 
4 32 86 - 40 68 56.7 = 2.2 
5 30 8] 25 36 8.4 + 2.5 
6 25 68 19 oe 10.2 + 3.1 


10.9 hours). It is logical to assume that the major cause 
of variance in the duration of this “dose-finding” period 
would be the maximum dose of oxytocin administered. 
When the data for this variable were segmented into 
four class intervals (<x — 1 SD, x — 1 SD to x, x to 
x + 1 SD, >x + 1 SD), one-way analysis of variance 
demonstrated that the maximum dose of oxytocin was 
the only variable with a value that fluctuated signifi- 
cantly with the duration of the several class intervals of 
the “dose-finding” period (Table IV). Multiple regres- 
sion analysis demonstrated that 77% (R? = 0.77, 
p < 0.001) of the “dose-finding” time variance can be 
accounted for. Fluctuations in the values for the max- 
imum dose were responsible for 72% of the explained 
variance; the presence of preeclampsia and the use of 


Elapsed tume from last examination 
before start of oxytocin 
(hr, average + SD) 






Cervical dilatation rate 
(cm/lhr, average + SD) 











Cesarean Vaginal 

section delivery p 
2.0 £5.0 NS 0.3 + 0.4 0.8 + 1.1 0.01 
a4 3.1 NS 0.3 + 0.6 16+ 1.9 <0.001 
542+ 1.8 NS 0.5 + 0.9 2 122 0.005 
6.4 + 3.8 NS 0.4 + 0.7 1.32.18 0.01 
Tae al NS 0.2 + 0.6 14213 <0.001 
9.2 + 2.8 NS 0.2 + 0.4 1.4 2 1.5 <0.001 


magnesium sulfate and stopping or reducing the dose 
played minor additional roles. With either method of 
analysis, it is clear that the maximum dose of oxytocin 
was the major determinant of the length of the “dose- 
finding” period, which, in turn, was responsible for the 
duration of the patients’ labor room stay once the di- 
agnosis of functional dystocia and the decision to use 
oxytocin were made. 

In contrast, for the vaginal delivery patients, the 
“dose-finding” period occupied less than half of the 
patients’ time in the labor suite from the decision to 
use oxytocin to complete dilatation (an average of 2.8 
of 6.1 hours). Segmenting the data by the same four 
class intervals of the “dose-finding” period and use of 
one-way analysis of variance revealed that the values 
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Table IV. Values of different variables when data are segregated by class intervals of time from start of 
oxytocin to last dose change and route of delivery 








Last dose change 
to complete 
dilatation or 






Elapsed tme 
to complete dilatation or 







Cervical 
















Start of oxytocin ta dilatation, start Maximum dose decison for cesarean Time to start decision for 
final dose change o; oxytocin of oxytocin section” of oxytocin” cesarean section 





(hr) (hr, mean + SD} (hr mean + SD) | (hr, mean + SD) 








Cesarean section 
All 37 3.8 + 1.6 7.8 + 6.0 10.9 + 5.6 0.7 = 0.7 2.3 + 2.9 
0.0-2.1 8 3.8 + 1.4 2.9 + 1.07 6.4 + 4.6F 10+ 1.3 4.5 + 4.] 
2.2-7.7 13 4.6 + 2.0 5.2 + 1.97 7.6 + 3.1¢ 0.7 + 0.6 1.7 + 2.3 
7.8-13.0 10 3.1 + 0.9 10.2 + 4.0% 14.9.2 TI 0.8 + 0.5 2.0 + 2.5 
>13.0 6 3.5 & 1.0 16.0 + 8.4§ 18.5 + 3.1§ 0.5 + 0.5 14+ 1.2 
pl! NS i <0.0001 <0.0001 NS NS 

Vaginal delivery 
All , 59 4.3 + 1.6 4.6 + 3.5 6.1 + 3.9 0.6 + 0.5 2.7 + 2.2 
0.0 10 Bob ee 2 2t 1.1 + 0.3§ 3.9 + 2.0F 0.6 + 0.5 3.3 + 1.8 
0.1-2.8 27 4.5 + 1.64 3.9 + 1.84 3.9 + 1.77 0.6 + 0.5 2.0 + 1.3 
2.9-5.6 ll 4.1 + L.1ft 6.9 + 4.67 8.2 + 4.2% 0.4 + 0.3 3.7 + 3.9 
>5.6 1] 3.0 + 1.04 7.0 + 4.17 11.4 + 2.6§ 0.9 + 0.5 29+ 14 
pil 0.014 <0.0001 <0.0001 NS NS 


*From the time of the last examination before the start of oxytocin. 

+The Student-Newman-Keuls test indicates that this (these) group (groups) differs from the cthers at the 0.05 level. 
+The Student-Newman-Keuls test indicates that this (these) group (groups) differs from the others at the 0.05 level. 
§The Student-Newman-Keuls test indicates that this (these) group (groups) differs from the others at the 0.05 level. 
The f test probability. | 


Table V. Comparison of data from patients in spontaneous labor who received oxytocin segregated by 
amniotomy or spontaneous rupture of the amnion and by route of delivery 


Vaginal delivery Cesarean section 





Spontaneous Spontaneous 
rupture of rupture of 
Ammuotomy membranes p Amniotom)y membranes P 
No. of patients 68 59 33 
Preterm (%) 8 15 NS 3 NS 
Preeclampsia and magnesium 32 14 0.02 48 0.03 
sulfate (%) 
Contractions at admission (%) 
<every 6 min 78 58 70 54 
>every 5 min, “irregular,” or 22 42 30 46 
“none” 
Cervical dilatation 
(cm, mean + SD) 
At admission 3.8.15) 2.6 + 1.4 <0.001 3.5 4 1.5 2.4 + 1.4 0.01 
At decision for oxytocin 5S a a 4.3 + 1.6 0.001 4.6 + 1.7 a: e EF 0.05 
At decision for cesarean section -= —- FE 6.2 Æ L8 0.05 
Change in cervical dilatation from 25 27 NS 24 24 NS 
admission to decision for oxyto- 
cin <1.0 cm (%) 
Elapsed time (hr, mean + SD) 
Admission to decision for 4.5 t 2.5 6.7 + 3.8 <0.001 7.3 + 4.) 8.2 t+ 3.7 NS 
oxytocin 
Start of oxytocin to last dose 2.72335 2.8 + 2.8 NS 6.2 + 4.7 18°2 5.6 NS 
change 
Last dose change to complete 2.22.0 2 2 22 NS 25 25 2.3 $2.9 NS 
dilatation or decision for ce- 
sarean section 
Admission to complete dilata- 10.8 + 3.9 12.7 + 5.4 0.02 16.0 + 4.3 19.1 + 6.5 0.03 
tion or decision for cesarean 
section 
Maximum dose of oxytocin 4.1 + 3.8 4.6 + 3.5 NS 6.1 + 6.0 7.8 + 6.0 NS 
(mU/m, mean + SD) 
Dose of oxytocin ever stopped or 2] 22 NS 39 49 NS 


dose reduced (%) 
Intra-amniotic infection (%) 7 12 NS 3 38 <0.001 
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Magnesium sulfate given 
for pregnancy-induced 
hypertension 






Oxytocin stopped or 
dose reduced 





18 49 1] 30 
2 25 l 13 
5 39 3 23 
7 70 4 40 
4 67 3 50 
NS NS 
13 22 8 14 
l 10F 3 30 
2 7t l 4 
4 36t} 3 27 
6 554 l 9 
0.0023 NS 


| for the maximum dose of oxytocin, stopping or re- 
ducing the dose, and cervical dilatation fluctuated sig- 
nificantly (Table IV}. Multiple regression demonstrated 
that 59% of the variance in the “dose-finding” period 
could be explained (r = 0.59, p < 0.001). Stopping or 
reducing the dose and the interactions of that variable 
accounted for 58% of the explained variance, whereas 
the maximum dose of oxytocin and its interactions ex- 
plained 35%. We interpret these data to suggest that 
when the range of maximum doses for most patients 
was small, as in the vaginal delivery group, factors other 
: than dose tended to be more important in tke deter- 
mination of the length of the “dose-finding” period. 


| 
| Comment 
| 


Our observations indicated that the need for abdom- 
inal delivery was not an artifact created by our practices. 
Patients destined for cesarean section were given larger 
doses of oxytocin during longer periods of time and, 
once the selected maximum dose was administered, 
were observed for a period of time similar to that re- 
quired by the vaginal delivery patients to reach full 
dilatation. Smaller stature and intra-amniotic infection 
diagnosed before delivery occurred more frequently in 
the cesarean section group. 

Comparison of patients with functional dvstocia ad- 
mitted with ruptured membranes with those experi- 
encing amniotomy suggests that, in our experience, the 
groups were not identical (Table V). Regardless of 
mode of delivery, at admission the group with spon- 
taneous rupture of the membranes had fewer patients 
with preeclampsia treated with magnesium sulfate but 
more having poor contractile activity and less cervical 
dilatation and longer stays in the labor suite until com- 
plete dilatation or the decision for cesarean section. The 
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difference in the mean duration of the labor room ex- 
perience for patients delivered vaginally was the result 
of a significantly longer time for the patients with spon- 
taneous rupture of the membranes between admission 
and the decision to use oxytocin (p < 0.001). The com- 
binations of lesser cervical dilatation and contraction 
frequency and fewer patients with preeclampsia prob- 
ably account for this difference. 

Little cervical dilatation and infrequent or no con- 
tractions always engender the question, “Is the patient 
in labor?” In nulliparous women, we can avoid induc- 
tion of labor with its attendant high cesarean section 
rate by observation of the patient during a period of 
time. In the absence of any compelling indication for 
delivery, such as preeclampsia, we found no contrain- 
dication to waiting for contractions to appear in patients 
who had none or for contractions to improve, persist, 
or disappear in those who had them infrequently. On 
our service, the rate of cesarean section because of fail- 
ure to achieve complete dilatation among nulliparous 
women with spontaneous labor and oxytocin therapy 
for functional dystocia is 13% for those with amniotomy 
and 16% for those with spontaneous rupture of the 
membranes, a nonsignificant difference. This policy, 
which insists that contractions be present and persist 
before the diagnosis of labor is accepted, has not con- 
tributed to the frequency of abdominal delivery. 

Alternatively it seems unreasonable to insist that the 
diagnosis of labor requires some observed change in 
cervical dilatation once the membranes are ruptured, 
spontaneously or artificially. Regardless of the mech- 
anism of rupture of the amnion or the route of delivery, 
approximately 25% of each group failed to demon- 
strate a change in cervical dilatation of >1 cm from 
admission to the decision for oxytocin (Table V). Our 
avoidance of the requirement that some significant 
change in dilatation occur in each and every patient 
before the diagnosis of labor and functional dystocia 
was entertained did not appear to contribute to the 
frequency of cesarean section. If we were incorrect in 
this judgment, then the percentage of patients with no 
cervical dilatation from admission to the decision to use 
oxytocin would have been significantly greater in the 
patients delivered abdominally. 

It is common wisdom that the longer the labor, the 
higher the incidence of intra-amniotic infection. For 
the patients with spontaneous rupture of the mem- 
branes, the mean duration from admission to the de- 
cision for cesarean section was 19.1 hours. The diag- 
nosis of intra-amniotic infection before delivery was 
made in 14 (38%) patients and was present in only one 
case at admission, becoming manifest in the other 13 
during labor. What potential do we have for reducing 
the length of labor? We suggest two possibilities. The 
mean time from admission to the use of oxytocin might 
be reduced if, once the diagnosis of labor is made, we 
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insist that each patient manifest a detectable change in 
dilatation in each 2-hour pericd.* If not, appropriate 
therapy should be accomplished promptly. This man- 
agement principle requires omitting the concept of a 
latent phase of first-stage labor from our evaluation of 
these patients. The second opportunity may exist in the 
“dose-finding” period. The use of regimens that rapidly 
increment the dose and their resultant large maximum 
doses can produce hypercontractility and deviations 
from fetal heart rate norms. These events, most evident 
in patients monitored by electronic devices, cause the 
oxytocin to be stopped or the dose reduced frequently 
in patients destined for cesarean section. As a result, 
the process of finding the needed dose becomes inef- 
ficient. The use of regimens designed from the knowl- 
edge that (1) any specific dose of oxytocin requires 
about 40 minutes to reach a steady-state plasma con- 
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‘centration and (2) 70% to 75% of the patients with 


functional dystocia will need a dose of <4 mU/m and 
95%, <9 mU/m may reduce the length of the “dose- 
finding” time.** 
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Polyhydramnios and elevated intrauterine pressure 


during amnioinfusion 


Bannie L. Tabor, M.D., and Jeffrey A. Maier, M.D. 


Torrance, California 


Amnioinfusion has been demonstrated to be useful in relieving and preventing repetitive variable 
decelerations. There have been nc reported complications. This case illustrates the potential for iatrogenic 
polyhydramnios and elevated intrauterine pressure during amnioinfusion. (Am J OpsT=T GYNECOL 1987; 


156:130-1.) 


Key words: Amnioinfusion, polyhydramnios, elevated intrauterine pressure 


Saline amnioinfusion has been demonstrated to be 
effective in preventing and rel:eving repetitive variable 
decelerations. This results in a lower cesarean section 
rate for fetal distress in nulliparous patients’ and in an 
improved metabolic state in infants of patients with 
preterm premature rupture of the membranes.’ There 
have been no reported complications with this pro- 
cedure. 

We report a case that shows that in certain situations 
the procedure is not without risk. 
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Case report 


A 2l-year-ald woman, gravida 3, para 1, at 34% 
weeks’ gestation, presented with a 4%-hour history of 
spontaneous rupture of tne membranes without uter- 
ine contractions. A sterile speculum examination con- 
firmed ruptured membranes. The cervix appeared 
long and closed. Adequate amniotic fluid was noted on 
ultrasound examination. An oxytocin induction of la- 
bor was started. Amniotic fluid continued to leak dur- 
ing the next 24 hours as the cervical examination re- 
vealed progression to 2 cm dilation, 50% effacement, 
and —1 station. A repeat ultrasound examination 
showed decreased amniotic fluid, the largest pocket 
measuring <2 cm vertically. The patient was random- 
ized to receive amnioinfusion in an ongoing approved 
human subjects protocol. 

The intrauterine pressure was 10 mm Hg before the 
amnioinfusion. A total of 600-ml of normal saline so- 
lution was infused during 1 hour by an intermittent 
infusion pump through an attachment to the internal 
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uterine catheter. The resting intrauterine pressure in- 
creased to 15 mm Hg. A maintenance rate of 180 ml/ 
hr was then begun; 2700 ml of fluid was infused during 
the next 15 hours accompanied by an increase in the 
uterine pressure to 20 mm Hg. Modest vagir:al leakage 
was noted. 

An additional liter of fluid was infused during the 
next 5 hours without vaginal leakage. The intrauterine 
baseline pressure gradually increased to 50 mm Hg. 
The fetus then had two prolonged decelerations, fol- 
lowed by a 6-minute bradycardiac episode to 70 bpm. 
This was relieved by stopping the oxytocin, changing 
the patient’s position, and administering tocolysis with 
terbutaline, 0.25 mg subcutaneously. The patient com- 
plained of constant abdominal pain. On examination 
the uterus was very tense and tender. The cervix was 
2 cm dilated, 70% effaced, and at —1 station. The 
amrioinfusion was halted. The resting pressure re- 
mained elevated at 45 mm Hg. Ultrasound examination 
revealed marked polyhydramnios, the fluid pocket 
measuring >10 cm vertically. Uterine contractions re- 
turned and were associated with repetitive moderate 
variable decelerations. These were relieved by draining 
150 ml of amniotic fluid; an additional 750 ml of fluid 
was drained before the pressure returned to normal 
(15 to 20 mm Hg). Thereafter the fetal heart rate was 
155 bpm with good variability and reactivity. The 
uterus was soft and nontender between contractions. 

Oxytocin was restarted, and the patient was ulti- 
mately celivered of a 2350 gm male infant with Apgar 
scores of 7 at I minute and 8 at 5 minutes, The umbilical 
arterial pH was 7.23 and the venous pH was 7.35. 
There was no nuchal cord or any other cord abnor- 
malines. Before delivery the patient developed am- 
nionitis and was placed on a regimen of ampicillin, 
which was continued post partum. Her postpartum 
course was uncomplicated. The infant initially exhib- 
ited mild diffuse hypotonia, which spontaneously re- 
solved. He was treated with antibiotics until ail cultures 
were returned negative. A subgaleal hematoma was 
noted and was felt to be due to the prolonged course 
of labor. He was discharged on day 7, doing well and 
without sequelae. 


Comment 

In previously reported studies there has been no 
menzion of significantly increased intrauterine pressure 
or polyhydramnios with amnioiniusion. Miyazaki and 


Complications of amnioinfusion 131 


Nevarez' reported an increase in the resting pressure 
to 35 to 40 mm Hg during the gravity-driven bolus 
infusion, which was artifactual. In a personal com- 
munication, Nageotte also related an increase in base- 
line pressure during prophylactic amnioinfusion. Our 
protocol is similar to Nageotte’s, in that the fluid is 
actively infused by a mechanical pump. Due to the pul- 
satile action of the pump, the tokodynamometer re- 
cords a compact sine wave because of the increased 
pressure in the catheter as the pump infuses. The true 
intrauterine pressure coincides with the wave trough 
and can be confirmed by closing the connection be- 
tween the pump and the intrauterine catheter. 

With both techniques fluid is infused under pressure, 
be it mechanical pressure from the pump or hydrostatic 
pressure from the column of water in the gravity in- 
fusion system. This has little deleterious effect in most 
cases as the fluid is infused into an open system. As 
labor progresses, there is space between the dilating 
cervix and the fetal presenting part, which allows fluid 
and pressure to escape. 

In the reported case, the fetal head was firmly applied 
to the cervix, thus creating a closed system, The pump 
continued to infuse fluid, resulting in polyhydramnios 
and eventually a significant increase in intrauterine 
pressure. This could arise with the use of either method 
as both have the potential for infusing fluid under pres- 
sure. The precise pathophysiologic mechanism of the 
associated fetal heart rate decelerations is unclear. We 
speculate that the increased intrauterine pressure pre- 
vented adequate uteroplacental perfusion. 

This situation can be avoided by carefully monitoring 
the true intrauterine pressure during amnioinfusion 
and regularly assessing the amount of amniotic fluid 
by ultrasound. Maintaining these within normal limits 
should prevent fetal compromise in this otherwise safe 
procedure. 
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Screening for gestational diabetes: One-hour carbohydrate 
tolerance test performed by a virtually tasteless polymer 


of glucose 


E. Albert Reece, M.D., Theodore Holford, Ph.D., Susan Tuck, M.D., Mitzi Bargar, R.N., 


Theresa O’Connor, M.P.H., and John C. Hobbins, M.D. 


New Haven, Connecticul 


Although the 1-hour 50 gm blood glucose screening test is an effective way of detecting diabetes in 
pregnancy, the taste of available glucose drinks often creates gastrointestinal symptoms and leads to 
refusal of the patient to be tested. The efficacy of a virtually tasteless glucose polymer in testing 
carbohydrate tolerance in pregnancy was determined. Sixty-one pregnant patients undergoing screening 
for gestational diabetes underwent a 1-hour carbohydrate tolerance test of both glucose and a gluccse 
polymer within 3 days of each other. Analysis of the data revealed a high degree of agreement between 
the results of the 1-hour carbohydrate tolerance test (k = 0.62, p < 0.0001). These data suggest that 
glucose polymer can be used effectively in screening for gestational diabetes. (AM J OBSTET GYNECOL 


1987;156:132-4.) 


Key words: Carbohydrate tolerance, Polycose 


It is well established that pregnancy has a diabeto- 
genic effect, and the glucose intolerance that develops 
in pregnancy can be associated with an increase in peri- 
natal mortality..? The oral glucose tolerance test has 
become the recommended method to assess carbohy- 
drate metabolism in pregnancy.*° O’Sullivan et al.* have 
demonstrated that a l-hour 50 gm blood glucose 
screening test followed by a 3-hour glucose tolerance 
test, performed in those patients with a blood glucose 
level exceeding 130 mg/dl of whole blood, is an effec- 
tive way of identifying potentially diabetic patients. 
However, glucose drinks currently available are often 
associated with nausea, vomiting, abdominal bloating, 
or even headache. Noncompliance and vomiting will 
render these blood studies meaningless. 

Glucose polymer (Polycose*) is a commercially avail- 
able, inexpensive glucose saccharide mixture that is vir- 
tually tasteless and contains 3% glucose, 7% maltose, 
5% maltotriose, and 85% polysaccharides of 4 to 15 
(mean = 5) glucose units.’ Its osmotic load is one fifth 
that of glucose and has been reported to be associated 
with less gastrointestinal symptoms.’ The purpose of 
this study is to determine whether this glucose polymer 
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could be effectively used in a l-hour carbohydrate tol- 
erance test to screen for gestational diabetes. 


Patients and methods 


Patients undergoing diabetes screening were invited 
to participate in a study where glucose was compared 
with a glucose polymer in the performance of a car- 
bohydrate tolerance test. Patients were instructed to 
maintain a 300 gm carbohydrate-enriched diet for 2 to 
3 days before the study in order to maximize and stan- 
dardize the carbohydrate tolerance tests.° Patients 
fasted overnight, and on the morning of the test whole 
blood determinations of fasting blood sugar were ob- 
tained, followed by the ingestion of a 50 gm drink of 
glucose polymer. A blood glucose level was obtained 1 
hour later. Glucose determination was performed by 
the enzymatic reaction with the use of glucose oxidase 
as described elsewhere.” A repeat test with the stan- 
dard glucose drink was performed in all patients within 
3 days of the first study. Patients were asked to comment 
on the taste and to report any symptoms, including 
nausea or vomiting, that they experienced. Patients 
were not charged for these tests; however, the approx- 
imate cost of a 50 gm Palycose drink was 35 cents, 
compared with the $2.50 cost of a standard 50 gm 
glucose drink. Normal values used for both tests were 
those reported by O’Sullivan et al.’ for glucose. Patients 
underwent a 3-hour glucose tolerance test if at least 
one study (glucose or Polycose) was abnormal. In order 
to determine whether the two test results were equiv- 
alent, the data were analyzed with the use of the k 
statistic, K = Po-Pcr1-Pc, waere Po = proportion of ob- 
served agreement and Pc = overall proportion of 
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Fig. 1. Scatter plot of 1-hour glucose values after ingestion of glucose polymer (y axis) and glucose 


(x axis). 


Table I. Results of l-hour carbohydrate 
tolerance test 


Results of Polycose test 







Result of Positive 
glucose 


test 


Negative 


Negative 51 83.6 3 4.9 
Positive 2 3.3 5 8.2 


K = 0.62; p < 0.0001. 


agreement expected by chance alone. The k statistic is 
a measure of the amount of agreement between the 
two tests beyond that expected by chance alone. A K 
statistic <0 indicates less than chance agreement; k = 0 
indicates just chance agreement; k > 0 indicates more 
than chance agreement; and x = | indicates perfect 
agreement.’ 


Results 


Sixty-one patients underwent a l-hour carbohydrate 
tolerance test with both Polycose and glucose. Of these, 
51 (83.6%) had normal results in both tests, five (8.2%) 
were abnormal in both studies, and in five patients 
(8.2%) ane of the two studies was abnormal (Table I). 
Although the mean blood glucose levels at fasting in 
botk: the Polycose and glucose groups were similar to 
each other, at 1 hour after Polycose ingestion the blood 
glucose level was consistently above that observed after 
the glucose drink but remained well within the normal 
range (<120 mg/dl) (Table II). Since the false negative 
rate for a l-hour glucose tolerance test is <1%, a 
3-hour glucose tolerance test with the 100 gm glucose 
load was performed only in those patients having at 


Table II. Blood glucose determinations of 
both Polycose and glucose tolerance tests 










Blood glucose 
1 hr after ingestion 







Fasting blood glucose 


Test (mg/dl, mean + SE) (mg/dl, mean + SE) 
Polycose 66.67 + 12.56 108.7 + 21.9 
Glucose 68.63 + 10.36 103.4 + 21.9 


least one abnormal study. The normal glucose deter- 
minations used were those outlined by O’Sullivan and 
Mahan." The 3-hour glucose tolerance test was negative 
for three patients with positive Polycose and negative 
glucose results, and negative for two patients with neg- 
ative Polycose and positive glucose results. Of the five 
patients with positive Polycose and positive glucose re- 
sults, the 3-hour glucose tolerance test results were pos- 
itive in two and negative in three. Analysis of the data 
revealed a high level of agreement between the results 
of the I-hour carbohydrate tolerance tests (k = 0.62; 
p < 0.0001). Fig. 1 shows a scatter plot of the ]-hour 
blood glucose levels for the two tests. In addition, pa- 
tients expressed a greater preference for the Polycose 
drink than for the glucose. Unfortunately, many pa- 
tients failed to complete the questionnaire completely. 
However, about 40% of patients experienced nausea 
and/or vomiting after glucose compared with about 
10% after Polycose ingestion. 


Comment 


The results of this study demonstrate that carbohy- 
drate tolerance testing can be satisfactorily performed 
by a glucose polymer, which is less expensive and pre- 
ferred over glucose by patients. The high patient ac- 
ceptance rate in our study is in agreement with a prior 
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report by Court et al” Those investigators calculated 
the area under the curve (incremental area) for glucose 
and Polycose to determine the reproducibility of the 
tolerance tests. The more similar the incremental areas 
of paired tests were with the use of the same agent, the 
more reproducible the test was considered to be. The 
correlation between incremental areas of the paired 
tolerance test was not significant for glucose but was 
significant for glucose polymer (p < 0.001), thus sug- 
gesting a greater reproducibility for Polycose than glu- 
cose.’ In our study, although 3-hour glucose tolerance 
tests were not done in all patients, the high degree of 
correlation between the I-hour Polycose and glucose 
tolerance tests suggests similar true and false negative 
and true and false positive rates. O’Sullivan et al.*3 have 
shown that the 1-hour glucose tolerance test has a false 
negative rate of <1% and a false positive rate of 86%. 
Our studies indicate that similar rates may be presumed 
for the l-hour Polycose tolerance test. 

The normal metabolic changes of pregnancy pro- 
duce a “diabetogenic effect,” and the incidence of im- 
paired glucose tolerance during pregnancy is about 2% 
to 3%." Prospective studies have shown that perinatal 
morbidity and mortality are higher in women with ges- 
tational diabetes than in randomly selected control pa- 
uents.* 1}? Since improved detection of gestational di- 
abetes and more aggressive treatment have resulted in 
improved rates of perinatal morbidity and mortality, it 
is extremely important that a screening test for gesta- 
tional diabetes should not only be sensitive but be ac- 
ceptable to patients, so that maximal compliance can 
be achieved. Hoet and Beard“ compared various 
screening tests in terms of sensitivity and cost and con- 
cluded that the O’Sullivan and Mahan 1-hour glucose 
tolerance test has the advantage of high sensitivity, ac- 
ceptable specificity, and low cost. Although the advan- 
tages of this test are self-evident, the disadvantages in- 
clude its taste, which often creates gastrointestinal 
symptoms as well as réfusal of the patient to be tested. 

Our comparison of carbohydrate tolerance tests with 
the use of both glucose and glucose polymer demon- 
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strates striking similarities in test results but disparity 
in patient satisfaction and tolerance. These data suggest 
that glucose polymer is preferable to glucose in a l- 
hour carbohydrate tolerance test to screen for gesta- 
tional diabetes. 


We wish to thank Nancy Mickless, R.N., Nina Tiglio, 
R.D., M.P.H., and Lyn Oehler, M.S., R.D., for their 
assistance in this study. 
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recommended. The mortality associated with aif of the methods of birth control is low compared to 
the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension. 
hypercholesterolemia. obesity, diabetes. or history of oreecia mptic toxemia. and especially by 
cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thramboembolic and thrombotic disorders {e.g.. thrombophlebitis, pulmonary embolism. 
cerebrovascular insufficiency. coronary occlusion, retinat thrombosis and mesenteric thrombosis} 

Should any of these occur or be suspected. the drug shouid be discontinued immediately. if feasible, 
oral contraceptives should be discontinued at feast 4 weeks before auger of a type associated with 
an increased risk of thromboembolism or proionged immobitization. ) Ocular Lesions. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete loss of vision: sudden onset of proptesis or diplopia: papilledema: or retinal 
vascular lesions. and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
Long term administration of either naturd! or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast, cervix, vagina and liver. Inhumans, one Study investigated 
the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease. nearly ali occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestin-only ora! 
contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
ofal contraceptives with documented benign breast disease. There is at present no confirmed 
evidence fram human studies of an increased risk of cancer associated with orai contraceptives. 
Close clinical surveillance of all women taking oral contraceptives is essential. in all cases of 
undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
Should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
nave breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
particular care if they elect to use oral contraceptives. 4) Hepatic Adenoma Benign hepatic adenomas 
have been found to be associated with the use of oral contraceptives. One Study reported a higher risk 
associated with oral contraceptive formulations with high hormonal potency. Although benign and 
rare. hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use. the risk being much greater after 4 or more years of 
oral contraceptive use. While hepatic adenoma is a rare lesion. it should be considered in women 
presenting abdominal pain and tenderness, abdominal mass. or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 
to this type of malignancy is not known at this time. 5) Use in Pregnancy, Birth Defects in Offspring 
and Malignancy in Female Offspring. Fetal abnormatities have been reported te occur in the offspring of 
women who have taken progestogens and/or estrogens during pregnancy. it has been shown that 
females exposed in utero to diethyistilbestro!. a nonsteroidal estrogen, have an increased risk of 
developing in later lite a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of iimb 
reduction defects in exposed fetuses is somewhat less thar 1 in 1000 live births in the past. temale 





abortion. There is considerable evidence. that estrogens are ineffective for these inc 
there is no evidence from well-controlled Studies that progestins are effective for 
increases in chromosomal aberrations have been reported in women who become pi 
after ceasing oral contraceptive therapy. Embryos with these anomalies are virt 
Spontaneously aborted. Whether there is an overail increase in Spontaneous abortion o! 
conceived soon after stopping orai contraceptives is unknown. Itis recommended that fi 
who has missed two consecutive periods, pregnancy should be ruled out before. cc 
contraceptive regimen. If the patient has not adhered to the prescribed schedule, the j 
pregnancy should be considered at the time of the first missed period and furthe: 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy isc 
patient should be apprised of the potential risks to the fetus and the advisability ¢ 
continuation should be discussed in light of these risks. It is also recommended that 
discontinue oral contraceptives with the intent of becoming pregnant use an alteri 
contraception for a period of time before attempting to conceive, Many clinicians recor 
months. Administration of progestin-only or progestin-estrogen combinations to induc 
bleeding shouid not be used as a test for pregnancy. 6) Gali Bladder Disease. Studies havi 
increased risk ‘of surgically confirmed gatibladder disease appearing after one 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydr: 
Metabolic Effects. A decrease in glucose tolerance has been observed ina significant 
patients on oral contraceptives. For this reasen. prediabetic and diabetic patients shoul 
observed while receiving oral contraceptives. Increased serum levels of triglycerid 
phospholipids have been observed in oraj contraceptive users. The clinical signific 
observation is unknown at this time. 8) Elevated Blood Pressure An increase in biood i 
been reported in women receiving oral contraceptives. The prevalence of hyperter 
contraceptive users may be no higher than nonusers in the first year of oral contracey 
increases with longer exposure and in the fifth year of use is two and one-half to thr 
reported prevaience in the first year. Women who previously had hypertension during pre 
be more likely to develop elevation of blood pressure when given oral contraceptives. 9) 
The onset or exacerbation of migraine or development of headache of a new patte 
recurrent, persistent or severe, requires discontinuation of oral contraceptives and invi 
the cause. 10) Bleeding irregularities. Breakthrough bleeding, spotting and amenorrhea 
reasons for patients discontinuing oral contraceptives. in breakthrough bleeding, as ir 
irregular bleeding from the vagina, nonfunctional causes should be borne in ming. in u 
persistent or recurrent abnormal bleeding ‘rom the vagina, adequate diagnostic m 
indicated to rule out pregnancy or malignancy. Hf pathology has been excluded, time c 
another formulation may solve the problem. Changing to an oral contraceptive witha higt 
content, while potentially useful in minimizing menstrual irregularity, should be d 
necessary since this may increase the risk of thromboembolic disease. Women with apa 
oligomenarrhea of secondary amenorrhea or young women without regular cycles 
tendency to remain anovulatory or to become amenorrheic after discontinuati 
contraceptives. Women with these preexisting problems should be advised of this pos 
encouraged to use other contraceptive methods. 11} Ectopic Pregnancy Ectopic 
intrauterine pregnancy may occur in contraceptive failures. However, in oral contracept. 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral cor 
since the drugs are more effective in preventing intrauterine rather than ectopic prec 
higher ectopic-intrauterine ratio has been reparted with both combination products anc 
oniy oral contraceptives. 12) Breast Feeding. A small fraction of the hormonal age 
contraceptives has been identified in the milk of mothers receiving these drugs. The 
effect to the nursing infant cannot be determined at this time. 

Precautions: 1) A complete medical and family history should be taken prior to the initi: 
contraceptives. Examination should include special reference to blood pressure, breast: 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As ag 
Oral contraceptives should not be prescribed for longer than 1 year without anoth 
examination being performed. 2) Under the infiuence of estrogen-progestogen pr 
preexisting uterine leiomyomata may increase in size. 3) Patients with a history 
depression should be carefully observed and the drug discontinued if depression recurs 
degree. 4) Because oral contraceptives may cause some degree of fluid retention, condi: 
might be aggravated by fiuid retention, such as convulsive disorders. migraine syndrome 
renal insufficiency or asthma require careful observation. 5) Patients with a past history 
during pregnancy have an increased risk of recurrence of jaundice while receiving oral co 
therapy. If jaundice develops in any patient receiving such drugs. the medication 
discontinued. 6} Steroid hormones may be poorly metabolized in patients with img 
function and should be administered with caution in such patients. 7} Oral contraceptive 
have disturbances in normal tryptophan metabolism which may result in a relative 
deficiency. The clinical significance of this is yet to be determined. 8) Serum folate fev 
depressed by orai contraceptive therapy This may complicate subsequent pregnancy wit 
folate deficiency. 9} The pathologist should be advised of oral contraceptive therapy wh. 
Specimens are submitted. 10) Certain endocrine and liver function tests and blood comp 
be affected by estrogen-containing oral contraceptives. a. Increased sulfobromophthaleir 
b. increased prothrombin and factors Vil, VRI. IX, and X: decreased antithrombin 3; 
norepinephrine-induced platelet aggregability. c. increased thyroid binding globulin (TE 
to increased Circulating fotal thyroid hormone, as measured by protein-bound iodine ij 
column, or Ta by radioimmunoassay. Free T: resin uptake is decreased. reflecting th 
TBG. free T: concentration is unaltered d. Decreased pregnanediol excretion. e, Reduce 
to metyrapone test. 11) The active yellow tablets and the inert green tablets in Ovcon-50 
day regimens) and the mert green tablets in the 28 day regimen of Ovcon-35 contain FD&C 
5 itartrazine} which may cause allergic-type reactions {including bronchial asthma) 
Susceptible individuals Although the overall incidence of FD&C Yellow No. 5 (tartrazine) 
in the general population is low, it is frequently seen in patients who also ha 
Tiel l 

information for the Patient: Detailed Patient Labeling has been prepared for use by the patie 
been made available for distribution by the pharmacist. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding 
associated with concomitant use of rifampin. A similar association has been suggi 
barbiturates. phenytbutazone, phenytoin sodium, ampicillin and tetracycline. 

Adverse Reactions: An increased risk of the following serious adverse reactions has been; 
with the use of oral contraceptives (see Warnings). Thrombophiebitis. pulmonary ¢ 
coronary thrombosis. cerebral thrombosis. cerebral hemorrhage, hypertension, ga 
disease. congenital anomalies. There is evidence of an association between the following | 
and the use of oral contraceptives, although additional confirmatory studies are needed: A 
thrombosis: benign hepatomas, neuro-ocular lesions, e.g., retinal thrombosis and opti 
The following adverse reactions have been reported in patients receiving oral contraceptiy 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse 
Occur in approximately 10% or less of patients during the first cycle {other reactions. as 
rule, are seen much less frequently or omy occasionally); gastrointestinal symptoms 
abdominal cramps and bloating): breakthrough bleeding: spotting, change in menst 
dysmenorrhea, amenorrhea during and after treatment: temporary infertility after disconti 
treatment. edema. chioasma or melasma which may persist: breast changes. (te 
enlargement, and secretion): change in weight (increase or decrease): change in cervical er 
cervical secretion; possible diminution in lactation when given immediately postpartum; c 
jaundice, migraine, increase in size of uterine leiomyomata; rash fallergic): mental de 
reduced tolerance to carbohydrates: vaginal candidiasis. changes in corneal curvature (ste 
intolerance to contact lenses. The following adverse reactions have been reported in us 
Contraceptives, and the association has been neither confirmed nor refuted: Premen: 
syndrome, cataracts. changes in libido, chorea, changes in appetite, cystitis-like s$ 
headache, nervousness, dizziness, hirsutism, toss of scalp hair, erythema multiforme. 
nodosum, hemorrhagic eruption, vaginitis. porohyria. N 

Acute Overdosage: Serious if! effects have not been reported following acute ingestion of la 
of oral Contraceptives by young children. Overdosage may cause nausea, and withdrawa 
may occur in females 
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cae In women with insulin-dependent diabetes mellitus 
= the loss of viable fetuses has diminished coincident with 
the application of improved control of maternal gly- 
 cemia throughout pregnancy, although it is not possible 

“ft e the effects of improved control from the 
trenc ™ and the evolution of modern obstetric 





‘the introduction of a similar approach of good 

immediately before conception and during em- 

enesis the fetal malformation rate also has been 
ignificantly reduced.” 

n -Although there are some reports that suggest that 

C the frequency of spontaneous abortion in women with 

insulin-dependent diabetes mellitus is similar to that 

observed in the general population,’ * the difficulties 

in obtaining good control data have engendered cir- 

~ cumspection.® Without reliable information about the 

population from which the relative risk of abortion for 

o women with insulin-dependent diabetes mellitus could 

_.. be quantified, the potential effects of prepregnancy 

care (including improved metabolic control for these 

women) on their abortion rate remains open to doubt. 

The aim of this study is to evaluate the risk of clin- 

< ically recognizable abortion in women with insulin-de- 

os pendent diabetes mellitus compared to the risk in the 

A population of the same area who were subject to the 

s same e secular trend in the period before the introduc- 
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trospective sample of 164 pregnancies in the years 1956 to 1975 of 78 insulin- PEAREN diabetic 





eased incidence of spontaneous abortion in pregnancies 
nplicated by maternal diabetes mellitus 


1 W. Sutherland, M.B., Ch.B., and Colin W. Pritchard, Ph.D. 


tion of a program of planned pregnancy for women > 
with diabetes mellitus. Na 


Material and methods 


Spontaneous abortion refers in the United Ca - 
to pregnancy failures before the twenty-eighth com- oe 
pleted week of gestation. | | 

Before, during, and since the period of this stindy. i it 


has been basic policy in the Grampian area of Scotland a 
to admit to the hospital all women with inevitable, : - 
missed, and incomplete abortion for evacuation of the 
uterus under anesthesia whether or not there is coin 
cidental disease. The diagnosis of complete abortion is : 


rarely made and usually only followmg retrospective k 
appraisal of the evidence for pregnancy and aa = 
ologic evidence from the curettage. Ea 


The analysis reported in this paper is NEI ona 


sample of the 78 Caucasian women with insulin-de- 


pendent diabetes mellitus for whom records were avai _ 
able from the Aberdeen Diabetic Clinic and who. had 
known pregnancies while insulin dependent in the is 
years 1956 to 1975. In general terms the mode of con- : £ 
trol of the diabetes was dietary regulation and twice 


daily long- and short-acting insulin administration with 


dose adjustment according to a sliding scale of insulin — 
dosage dependent on frequent urine test results with w 


Clinitest tablets (Ames Co., Elkhart, Indiana). After 
1975 a more active policy of blood glucose self-moni- — 
toring and prepregnancy counseling has been pursued, 


and the findings presented here will form the basis 2h wos 


part of the assessment of that policy at a later date. 
Over the 20-year period under consideratie hes 
women had a total of 164 pr egnancies.. This” 
by far the majority of. pregnancies t o wo n 
sulin-dependent diabetes mellitus in thea ea over 
period because apart from the Aberdeen center, t 













“Table L Pregnancy numbers of the sample of diabetic pregnancies by previous pregnancies include 


~ the sample 


Pregnancy 
number 
l 71 5 = 
2 2 46 — 
3 | | 24 
4 ] — l 
5 2 — F 
6 es ti a 
7 I — = 
Total 78 47 25 


Previous pregnancies included 










10 2 





Table II. Spontaneous abortions, births, and observed and expected incidence of spontaneous abortion 


for the sample of diabetic pregnancies 


Diabetic 


spontaneous Births 
abortion (n) 





All 28 
Gestation >9 weeks 25 


Spontaneous Estimate ir, 
abortion opens incidence 
(%) of AY: 
164 17.07 D ery 


161 15.53 8.26 





were no other facilities for diabetic pregnant women, 
public or private, in the Grampian area. Table I reports 
-the pregnancy numbers of the sample according to the 
number of previous pregnancies included in the study. 
_ The sample includes the seventh pregnancy to one 
woman (which resulted in a live birth) who had had six 
previous live births. The sample includes three women 
who had two spontaneous abortions. In each of these 
~ cases it was the first and second pregnancies that ended 
in this way and the pregnancies continued beyond the 
ninth week of gestation. 
Estimates for the “expected” incidence of sponta- 
- neous abortion were derived in the manner described 
below from data stored on the Aberdeen Maternal and 
Neonatal Data Bank, which contains records of preg- 
nancies occurring in Aberdeen dating back to 1950. 
The question being asked is whether the incidence 
`- of spontaneous abortion among women with insulin- 


ee dependent diabetes mellitus differs significantly from 
` > that in the population from which they were drawn. 


Given that the sample of pregnancies in women with 


_ insulin-dependent diabetes mellitus is heterogenous by 
age, pregnancy number, and year of pregnancy, equiv- 


alent population estimates of the incidence of sponta- 
neous abortion are problematic. For this reason the 
expected incidence was derived in the following way: 
For each diabetic pregnancy the probability of spon- 
taneous abortion was calculated for women of the same 
pregnancy number, age group (ages grouped as 16 to 


E a 19, 20 to 24; 25 to 29, 30 to 34, and 35+ years), and 
epoch (years grouped as 1956 to 1960, 1961 to 1965, 


a 1966 to. 1970, and 1 971 to 1975) who had known preg- 


nancies in Aberdeen. The average of these probabilities 
thus represents an overall probability of spontaneous 
abortion for a sample similar in pregnancy number, 
age group, and epoch composition to the sample of 
diabetic pregnancies. 

Because of the possibility that spontaneous abortions 
in the early weeks of gestation were more likely to be 
reported among the diabetic group, this procedure was. 
repeated excluding the three pregnancies to women 
with insulin-dependent diabetes mellitus which were. ; 
lost before the tenth week of gestation and excluding 
spontaneous abortions before the tenth week of ges- 
tation in the estimation of the expected incidence. 


Results 

The numbers of spontaneous abortions, births, and 
the expected incidences are reported in Table H. 

Using the x’ approximation to binomial probabilities 
to test the difference in the proportions, the probability 
of spontaneous abortion among the sample of preg- 
nancies to insulin-dependent diabetic women is signif- 
icantly greater (p < 0.001) than the expected estimate — 
both for all the pregnancies (x? = 12.79) and- for 
those continuing beyond the ninth week of. f gestation 
(x? = 10.28). eRe oe 

It is possible that the spontaneous abort tions tee oco 
curred among the sample of diabetic women happened 
in pregnancy number by age group by epoch categories os 
where the estimated probability. of spontaneous abor- : 
tion: was greater than. for the overall sample. The av- — 
erage estimated incidenc - of spont neous abortions for k 
those cellsin which an n abortion ocet rred in the diabetic g 





















sample was 7.32%, or less than the overall estimate. 
Moreover, 18 of the 25 abortions (72.0%) occurring 
_after the ninth week of pregnancy were in cells in which 


>... the incidence of spontaneous abortion was less than the 


overall estimate, which may be compared to 96 of the 


total of 161 (59.6%) in which the estimated incidence 


was less than the average estimated incidence. 
‘To ensure that the finding of an increased risk of 
spontaneous abortion was not overestimated because 
_ of the independent effects of previous obstetric history, 
an analysis of the 71 first pregnancies in the sample 
was conducted. Eleven (15.49%) of those pregnancies 
=< ended in a spontaneous abortion. The risk was signif- 
` icantly greater (x? = 4.32; p < 0.005) than the popu- 
lation estimate of 8.07%. 
_ The conclusion reached is that there was a signifi- 
-cantly higher incidence of spontaneous abortion among 
the sample of women with insulin-dependent diabetes 
mellitus than would be expected on the basis of an 
estimate of the incidence in an equivalent sample of 
Aberdeen pregnancies. 


Comment 


Contrary to the conclusions of several previous pub- 


lished studies, analysis of these data show that there is 
a significantly increased risk of spontaneous abortion 
~ as a recognizable clinical event in women with insulin- 
-. dependent diabetes mellitus. It confirms the conclu- 


sions of Miodovnik et al.’ in Cincinnati whose work in 
turn confirmed our preliminary findings.” In our pop- 
ulation the increased risk for women with insulin-de- 
pendent diabetes mellitus is of the order of twofold in 
both first and later pregnancies, but this is far short of 
the overall spontaneous abortion rate of 30% in the 
Ohio diabetic women.’ 

The pathogenesis of abortion in women with insulin- 
dependent diabetes mellitus is unknown. Diabetic ke- 
toacidosis is a rare event at such an early stage of preg- 
nancy when hypoglycemia is much more commonly the 
form of metabolic derangement necessitating hospi- 
tal admission.’ Nonetheless, glycosylated hemoglobin 
levels are higher at the time of first booking at the 
prenatal clinic in the diabetic women who later abort 
than in those who deliver successfully. Immunologic 
studies have characterized alterations in the fetoma- 
ternal relationship in diabetic pregnancy, but to our 
knowledge these have not been correlated with the de- 
gree of metabolic control in early pregnancy.’ Maternal 
diabetes was the first condition in which early growth 
-delay of the human embryo was detected by ultrasonic 


© examination.” Initial growth delay is particularly evi- 
`- dent in cases where the fetus is found later to be mal- 


_. formed," and this has been shown to be associated with 


poor control of the maternal diabetes at the time of 
-ioo conception." However, in women with insulin-depen- 


Spontaneous abortion in diabetic pregnancy “437.2 


dent diabetes mellitus not all fetuses with initial growth 
delay are malformed or are aborted. The association 
of threatened abortion with initial growth delay mea- 
sured by ultrasound in nondiabetic women has been 
reported, and the extent of the growth delay was found 
to relate to the risk of spontaneous abortion. There 
is some indirect evidence that marked growth delay in 
the presence of maternal diabetes may cause very early 
abortion.'® Unfortunately, data were not available con- 
cerning either the precise gestational age at abortion — 
(since the proportion with missed abortion is unknown) 
or the incidence of fetal malformation in the aborted 


fetuses in this study. It was also not possible to assess 


the degree of maternal control of glycemia at the time- 
preceding abortion, and no similar data exist from 
those in the sample who did not abort. 

An advantage resulting from preconception man- 


agement of women with insulin-dependent diabetes _ $ 
mellitus will be the facility for retrospective appraisal 
of blood glucose self-monitoring during the early weeks | 
of the first trimester in diabetic women who do and do ` 


not abort. This may provide information useful in the 
assessment of the role of maternal glycemia in spon- 
taneous and missed abortion in diabetic women. The 
effect of good maternal periconception control of di- 
abetes on the risk of abortion requires evaluation. 
The data in this study collected before such a policy 
was implemented in Aberdeen indicate that the clinical 
event of spontaneous abortion is approximately twice 
as likely to occur in insulin-dependent diabetic women 
as in a matched population control. This is based on a 
risk of clinically apparent spontaneous abortion in di- 
abetic women of around 15% which is much less than 
the 26% and 30% found in Birmingham, England." 
and Cincinnati,’ respectively, where the potential for 
improvement in prognosis for the pregnancies of di- 
abetic women is even more substantial and challenging. 
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Immunohistochemical studies on collagen types in the uterine 
cervix in pregnant and nonpregnant states 


Toshinari Minamoto, M.D., Katsuhiko Arai, D.V.M., Shun Hirakawa, M.D., and 


Yutaka Nagai, Ph.D. 
Tokyo, Japan 


The distribution of collagen types in pregnant and nonpregnant uterine cervices was examined by 
immunoperoxidase staining with the use of type-specific anticollagen antibodies. The nonpregnant cervix, 
composed of dense fibrous tissues, was diffusely stained with antibodies to type | and type III collagens. 
Type IV collagen was located only in the basement membrane region. In the cervix at term pregnancy, a 
marked decrease in fibrous connective tissue with increased proportions of smooth muscle fibers was 
characteristic, forming expanded spaces in between due to edema (clear spaces) with focal infiltrations of 
polymorphonuclear leukocytes. Type | and type III collagens were distributed only around smooth muscle 
fiber bundles with some fibroblasts attached. Type IV collagen was distributed in a linear fashion 
delineating individual smooth muscle fibers and vascular basement membranes. A possible role of 
infiltrated polymorphonuclear leukocytes in the dissociation of fibrous connective tissues of the cervix at 
term pregnancy is discussed. (Am J OssTeT GYNECOL 1987;156:138-44.) 


Key words: Anticollagen antibody, collagen, immunohistochemistry, cervix in pregnancy 


In contrast to the myometrium of the corpus, the 
uterine cervix in the nonpregnant woman is predom- 
inantly composed of dense connective tissue, the prin- 
cipal component of which is dense and tightly packed 
collagen fibers.' Smooth muscle fibers account for 10% 
to 15% of the normal cervical substance and are scat- 
tered sparsely and at random throughout the tissue. 
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Histologic and biochemical studies confirmed these 
findings and showed that the content of smooth muscle 
fibers decreased from the upper cervix downward.” 

During the period of term pregnancy to labor, the 
cervix reveals dramatic changes such as softening and 
ripening. The characteristics of the cervix are to permit 
it to carry out its vital but conflicting functions of acting 
as a barrier to retain the conceptus and opening at an 
appropriate time to permit the conceptus to be expelled 
from the uterus. Morphologic changes in softening and 
ripening of the cervix are characterized by dissociation 
and branching of collagen fibers into their fibrillar com- 
ponents and expansion of the interfibrillar spaces (clear 
spaces) due to edema.'* Biochemical studies showed 
that the concentration of collagen in the cervix at term 
pregnancy was decreased, while glycosaminoglycans, 
especially hyaluronic acid, and water contents were 
increased.‘ 
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Table I. Clinical history of the patients examined | 










Duration of 
gestation 









Age (yr) 


Nonpregnant 

1-9 38-49 
(mean 45) 

Pregnant 
10 46 8 wk, 2 days 
11 39 9 wk 
12 25 38 wk, 6 days l 
13 38 39 wk, 1 day 0.5 
14 4] 39 wk, 3 days 0.5 
15 34 39 wk, 3 days 
16 32 39 wk, 6 days 0 
17 30 40 wk 2 
18 26 42 wk, 3 days 5 


Cervical condition 


Dilatation Effacement 
(cm) (%) 


Collagen types in uterine cervix 139 


Indication for cesarean section 
or hysterectomy 


Hysterectomy for leiomyoma in all cases 


Hysterectomy for leiomyoma 
Hysterectomy for leiomyoma 


30 Cephalopelvic disproportion, breech 

10 Repeat cephalopelvic disproportion, 
breech 

20 High-risk pregnancy 


Hysterectomy for atony of uterus after 
spontaneous labor 


10 Repeat cephalopelvic disproportion, 
fetal distress 

20 Cephalopelvic disproportion 

50 Fetal distress 


CEO” O O a lll l i L AT Sls 


Our previous studies showed that the solubility of 
collagen, particularly type I collagen, in the cervix was 
significantly increased at term pregnancy.’ In parallel, 
the activities of collagen-degrading enzymes such as 
collagenase and collagenolytic peptidase were also el- 
evated with softening and ripening of the cervix." Al- 
though the distribution and function of collagen types 
in various tissues have recently been elucidated,’ little 
information is available as to those in the ripening pro- 
cess of the pregnant cervix at present. 

Therefore we studied distributions of collagen types 
I, III, and IV in nonpregnant and pregnant cervical 
connective tissues by the immunoperoxidase staining 
method with type-specific anticollagen antibodies used 
to elucidate how collagen types are involved in dilata- 
tion and effacement of the cervix in term pregnancy. 


Material and methods 


Uterine cervical tissues from 18 women of child-bear- 
ing age were examined. Cervical tissues from non- 
pregnant women were obtained at the time of hyster- 
ectomy for leiomyomas, and uninvolved regions were 
used. Cervical tissues were also obtained from pregnant 
women at term at the time of cesarean section and from 
patients of 8 and 9 weeks’ gestation with leiomyomas 
(Table I). These cervical tissues were fixed with 10% 
buffered formalin and embedded in paraffin for his- 
tochemical and immunoperoxidase staining. 

Type-specific rabbit antibodies to type I collagen 
(from fetal calf skin) and rat antibodies to type III and 
type IV collagens (both from the human placenta) were 
purified by affinity chromatography.* Antibodies to 
types I, III, and IV collagens were shown to have re- 
ciprocal titers of 2", 2°, and 2'*, respectively, by passive 
hemagglutination assays and showed no cross-reaction 
with other types of collagens. 


Paraffin sections were routinely stained with hema- 
toxylin and eosin, azan, and phosphotungstic acid—he- 
matoxylin. 

Immunoperoxidase staining was performed accord- 
ing to the method described by Sternberger et al.” Par- 
affin sections were pretreated with 0.01% protease 
(type VII, Sigma Chemical Co., St. Louis, Missouri) 
in Tris hydrochloride buffer, 0.05 mol/L, pH 7.6, at 
37° C for 10 minutes and then incubated with antibod- 
ies to type I, type III, or type IV collagen, diluted to 
1:10, 1:20, and 1:20, respectively with phosphate- 
buffered saline, 0.01 mol/L, pH 7.2. Swine immuno- 
globulin G to rabbit immunoglobulin G with rabbit 
peroxidase-antiperoxidase complex (Dakopatts, Glos- 
trup, Denmark) and rabbit immunoglobulin G to rat 
immunoglobulin G (Cappel Laboratories, Cochran- 
ville, Pennsylvania) with rat peroxidase-antiperoxi- 
dase complex (Jackson Immuno-Research Laborato- 
ries, Inc., Avondale, Pennsylvania) were used in a di- 
lution of 1:100 with phosphate-buffered saline. As 
a control, nonimmunized rabbit and rat immunoglob- 
ulin G was used instead of type-specific anticollagen 
antibodies. 


Results 


In the nonpregnant uterus, the cervix was mainly 
composed of dense fibrous connective tissues, among 
which some smooth muscle fibers were scattered 
sparsely. These two major fibrous components were 
intermingled with no particular alignment and were 
tightly packed with each other. Immunoperoxidase 
staining revealed that type I and type III collagens 
were diffusely distributed in the dense fibrous connec- 
tive tissues with no remarkable differences shown in 
the distribution of these collagens (Fig. 1, a and b). 
Type IV collagen was observed in a fine linear fashion 
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Fig. 1. Immunoperoxidase staining for type I, type III, and type IV collagen in the nonpregnant 
cervix. Type I (a) and type III (b) collagen was distributed diffusely in the dense fibrous tissue, while 
type IV collagen (c) delineated basement membranes. V, Blood vessel; arrowheads, immunoreactive 
components delineating smooth muscle fibers. (Original magnification x 200.) 
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Fig. 2. The cervix of term pregnancy showing an increased proportion of smooth muscle fibers 
aligned in a particular direction and clear spaces in between (a). Some smooth muscle fibers were 
locally dissociated (see inset) in the area where polymorphonuclear leukocytes were infiltrated (see 
also c). Some fibroblasts (arrowheads) were’ observed along with thin collagenous fibers around the 
smooth muscle fibers (b). Polymorphonuclear leukocytes were focally infiltrated in the clear space 
(c). (a, Including inset: Hematoxylin and eosin. Original magnification X 200. b and c: Hematoxylin 


and eosin. Original magnification x 400.) 


at the blood vessels and along individual smooth muscle 
fibers showing the delineation of the basement mem- 
brane but was not distributed in the dense fibrous con- 
nective tissue (Fig. 1, c). Nonimmunized rabbit and rat 
immunoglobulin G showed no reaction with the tissue 
specimens examined (data not shown). 

In term pregnancy, dissociated and hypertrophic 
smooth muscle fibers were aligned in particular direc- 
tions (Fig. 2, a), and some smooth muscle fibers were 
locally dissociated (Fig. 2, a, inset) in the area where 
polymorphonuclear leukocytes were infiltrated (see 
also Fig. 2, c). The content of fibrous connective tissue 
components was markedly decreased and the remain- 


ing thin fibrous components were attached around 
smooth muscle fibers and bundles, where some fibro- 
blasts were present (Fig. 2, b). The spaces between 
smooth muscle bundles or collagen fibers were ex- 
panded because of edema (clear space), and infiltrated 
polymorphonuclear leukocytes were focally observed 
in the clear space (Fig. 2, c). Immunoperoxidase stain- 
ing with the use of anticollagen antibodies showed quite 
similar distributions of type I and type III collagen 
around smooth muscle bundles (Fig. 3, a and b), al- 
though type III collagen was also distributed within the 
bundles (Fig. 3, b). Type IV collagen delineated indi- 
vidual smooth muscle fibers and basement membranes 
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á Fig. 3. Immunoperoxidase staining for type I (a) type II (b), and type IV (c) collagen in the term 
k pregnant cervix. The inset of c shows individual smooth muscle fibers outlined by type IV collagen. 
i 


| V, Blood vessel. (a and b: Original magnification x 200. c: Original magnification x 100, Inset of c: 
r Original magnification x 250.) 


Volume 156 
Number 1 


of blood vessels (Fig. 3, c). The clear spaces and smooth 
muscle fiber itself did not react with any antibodies 
used, and nonimmunized rabbit and rat immunoglob- 
ulin G showed no reaction with the tissue specimens 
examined (data not shown). 

In the cervical tissues of early gestation (8 and 9 
weeks) compared with the nonpregnant cervix, little 
change was obsesrved in smooth muscle fibers although 
fibrous connective tissue regions became slightly sparse 
in pregnancy. The distribution of collagen types I, III, 
and IV resembled that of the nonpregnant cervix. 


Comment 


The uterine cervix plays active roles, namely, dila- 
tation and effacement, during pregnancy and labor. 
Dilatation and effacement are not simply a result of 
mechanical forces but also depend on a ripening pro- 
cess involved in the cervix. The main process of rip- 
ening occurs in the last 3 to 4 weeks of pregnancy.” 
Ripening disorders may cause serious obstetric com- 
plications; that is, extensive ripening before term preg- 
nancy may produce cervical incompetency, whereas de- 
layed ripening or a rigid cervix at term may lead to 
prolonged labor or postterm delivery. For the resolu- 
tion and prevention of these problems, elucidation of 
detailed mechanisms of the normal ripening process is 
indispensable. 

Histologic examination of the cervix in term preg- 
nancy showed that the cervical tissue became very loose, 
because of the decrease in and dissociation of collagen 
fibers and expansion of the clear space caused by 
edema. These observations agree with the findings pre- 
viously described." * The proportion of smooth muscle 
fibers that became hypertrophic increased in term 
pregnancy. A relatively higher population of smooth 
muscle fibers in our cases compared with those of pre- 
vious reports? can be explained by the location of the 
specimens examined, that is, from the lower uterine 
segment adjacent to the obstetric internal os where ce- 
sarean section is generally performed. It is of interest 
that these smooth muscle fibers were aligned in partic- 
ular directions (Fig. 2, a), which was in marked contrast 
to the fibers in the corresponding region, or between 
the anatomic and histologic internal ora, of the non- 
pregnant cervix (Fig. 1). The smooth muscle bundles 
likely play a role in the maintenance of the conceptus 
until delivery and prepare to extend in appropriate 
directions at delivery to prevent cervical laceration. 

In the pregnant cervices examined, dense fibrous 
connective tissues were markedly dissociated, and thin 
collagen fibers were located exclusively around smooth 
muscle bundles with some fibroblasts. Biochemical 
analysis has indicated decreased concentration’ and in- 
creased solubility’ of collagen, especially type I collagen, 
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at term pregnancy. The activities of collagen-degrading 
enzymes, including collagenolytic peptidase, were also 
elevated with ripening of the cervix.® Infiltration of 
polymorphonuclear leukocytes into the clear space 
seems to be closely related to collagenolysis,* '''* since 
our recent studies on the role of inflammatory cells in 
tissue (stroma) reactions have shown that, during in- 
filtration of polymorphonuclear leukocytes from the 
bloodstream to the tissues, the inflammatory cells ac- 
quire a factor that stimulates connective tissue cells, 
including fibroblasts, to produce collagenase’ and 
prostaglandin E,’ and to suppress collagen synthesis." 
This sort of stromal reaction may also occur in the 
pregnant cervix in association with the collagen-de- 
grading enzyme system directly derived from poly- 
morphonuclear leukocytes,” '* since recent studies have 
shown that intracervical application of prostaglandin E, 
induces the ripening process in the pregnant cervix.” 

The functional characteristics of interstitial collagen 
are to provide tensile strength that is essential to hold 
tissues together as functional units, as well as to permit 
tissues to be pliable and/or extensible, and those of 
basement membrane (type IV) collagen are to serve as 
a stable backbone or supporting meshwork, as me- 
chanical and ionic filters, and as a substratum for cell 
support and separation.’ The distribution of collagen 
types I, III, and V and fibronectin in the corpus myo- 
metrium in normal and hypertensive pregnant patients 
was reported recently, with a description of the cor- 
relation between disruption of the uterine structure 
and the amount of urinary proteins excreted.'® Another 
important observation is that prolonged dilatation time 
is closely related to increased concentrations of collagen 
in the lower part of the cervix.’ 

Immunohistochemical staining with the use of type- 
specific anticollagen antibodies revealed that type I 
and type III (interstitial) collagens were codistributed 
around smooth muscle bundles, but not in wide clear 
spaces, and that type IV (basement membrane) collagen 
delineated each smooth muscle fiber as well as the vas- 
cular basement membranes. 

On the basis of these views, the distribution of col- 
lagen types in term pregnancy should serve the dual 
but conflicting functions of acting as a barrier to retain 
the conceptus and opening the cervix at the time of 
delivery. Further histologic and biochemical investi- 
gations on the ripening process in the pregnant cervix 
are currently in progress in our laboratory. 
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e A planned pregnancy is considered desirable, in part because of the potential of a better pregnancy 
ae “outcome. Since the improvement of pregnancy outcome is of particular relevance in low-income 
populations, we have compared the characteristics of women with planned and unplanned pregnancies in 


central Harlem with regard to those factors that might affect pregnancy planning such as 
- sociodemographic factors, attitudes toward child-rearing, environmental stress, social support, and 
maternal mental health. Of the 416 women in the study, a minority (27%) reported their pregnancy as 


being planned. They differed from the remainder in being more likely to be married and/or living with a 
-boyfriend or husband and to have been born outside New York City. The two groups did not differ in any 


other risk factor or in outcome in terms of birth weight and gestational age. The results provide little 
support for the lack of planning of pregnancy as an indicator of risk in a low-income population and 
suggest that improvement of perinatal outcome must involve more broadly based interventions that are not 
confined to the periconceptional period. (Am J Osstet GynecoL 1987;156:145-9. ) 


Key words: Planned pregnancy, low-income women, obstetric risk factors 


- A planned pregnancy is considered desirable for 


ae ; many reasons, and this desirability is reinforced by the 
<o observation of a statistical association between such 
| pregnancies and better obstetric and perinatal out- 


comes.’ However, the way in which planning for preg- 
nancy may relate to pregnancy outcome remains to 
be established. One mechanism is the potential for 
prepregnancy screening for obstetric risk, although 
this relationship has received little empiric examina- 
tion. Alternatively, women unable to plan their preg- 
nancies may present higher obstetric risks for other 
reasons," for example, adolescent childbearing or re- 
productive problems that preclude effective contracep- 
tion. Another factor may be increased ambivalence and 
anxiety in women with unintended or unwanted preg- 
nancy, which may be associated with an increased risk 
for a variety of obstetric complications." * Finally, ab- 
sence of planning for pregnancy and increased obstet- 
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ric risk may reflect other characteristics of the woman's soe 


environment which may affect pregnancy outcome 
such as physical and psychological stress and inade- 
quate social support.** 


The issue of pregnancy planning seems especia ly a 


important to low-income populations in which lack of 
planning and perinatal morbidity are more common. 
Unfortunately, except for studies of low-income ado- 
lescent mothers, the factors associated with pr egnancy : 


planning in these populations have not been descr ibed: : S 
This paper describes the correlates of planning among a 


a group of urban, low-income pregnant women. 


Material and methods 
Sample. The data for this study were collected as 


part of an evaluation of a program designed to provide vt 
enriched prenatal services in an urban low-income com- i: 
munity, central Harlem. The sample consists of 599 | T 
women: 435 who enrolled for prenatal care at one of: 


the four satellite clinics affiliated with Harlem Hospital 


and a sample of 164 women registering for prenatal ` i 
care at the prenatal clinic within the Harlem Hospital- a 
Center during the period August 1982 and September aoe 


30, 1983. The sample represents 78% of all women 
eligible for the study. The remainder were eliminated 
as a result of spontaneous or elective abortions or be- 
cause they did not continue care within the Harlem 
Hospital System. | 


Data collection. Each woman was asked to. complete ee 


a self-administered questionnaire, generally during her 








ve Table I . Sociodemographic ¢ characteristics 
-of central Harlem women with 


“planned (n= 113) and unplanned 
(n = 303) pregnancies 









Planned 
(F) 


Lin des nned 
(%) 


‘Ss ociodemographic 
factor 










Age at start of 
antenatal care (yr) 


<19 14.4 24.1] a Es 
20-29 73.2 58.2 62.3 
230 12.4 17.6 16.2 
Educational attainment 
Less than high school 43.1 46.8 45.8 
graduation 
High school graduate 35.3 35:2 35.2 
Study beyond high 21.6 18.0 19.0 
school graduation 
Born in New York City* 
No 46.7 34.8 38. | 
Yes — 53:3 65.2 61.9 
Marital status* 
Married vi 16.4 20.4 
Single 53.8 76.8 70.6 
Other 15.0 6.8 9.0 





/ *p-Value for xë with appropriate degrees of freedom 
-dip < 0.05). 


first or second prenatal visit. Completed questionnaires 
were obtained from 76.5% (458) of the entire sample. 
Based on data abstracted from the obstetric record, it 


= was found that those women who did not complete the 


-questionnaire were more likely to be older, married, or 
_. Classified as Hispanic or to have been born outside the 
~ United States. Respondents and nonrespondents did 
© not differ with regard to the presence of historic or 
_ existing obstetric risk factors or the timing of their entry 
_ into prenatal care. 
The research questionnaire consisted of questions in 
the following four areas: 
1. Sociodemographic characteristics of the patients, 
which consisted of questions to ascertain age, educa- 


= tonal level, birth place, duration of residence in New 


York City, marital status, membership in the maternal 
- household, and family income. 

E Maternal attitudes toward the new child as deter- 
mined by three questions concerning the mother’s own 
assessment of her confidence about caring for the new 
child, her choice of names for the infant, and her pre- 
vious child-rearing experiences. Included in these 
_ questions was a question as to whether the pregnancy 


5 F was planned and a question as to whether the woman 
<-> was surprised at being pregnant. 


3. Maternal health behavior which involved ques- 
tions about maternal smoking” ° and drinking behavior 
derived from standard questionnaires. 

| 4, Maternal exposure to stressful events, social sup- 
port, and mental health. The first was assessed with use 
of a modification of the Dohrenwend’s PERI scale,” 





which ascertained the presence: of 17 st 
in the year before the start of antenatal « Maternal 
social support was ascertained by asking the women 
what they would do in each of six hypothetical situa- 
tions: two in which they needed to borrow a modest 
amount of food or money, two in which they required 
assistance during an illness of varying durations, and 
two in which they needed advice or emotional support. 
The items were scored to indicate the number of sit- 
uations in which the women could name an individual 
(by name and relationship to them) to whom they fekt 
they could turn for help.” Mental health status was 
estimated by the 22-item version of the General Health 
Questionnaire, which assesses general well-being, 
depression, anxiety, and somatic complaints. Scores 
above 5, with use of the dichotomous scoring system, 
have been shown to indicate clinically important mental 
distress. 

In addition to the above items, previous reproductive 
history, birth weight, and gestational age were ab- 
stracted from the medical record. l 

All methods were reviewed and approved annually 
by the Institutional Review Board of the University of 
Pennsylvania. Differences in the distribution of cate- 
gorical variables between those with planned pregnan- 
cies and those without were tested with use of x°, with 
Yates correction. All analyses were done with use of the 
Biomedical Data Package." 


Results 


Of the 458 women who completed the questionnaire, 
416 (91%) answered the question, “Did you plan this 
pregnancy?”; most of these women (303, or 73%) de- 
scribed their pregnancy as unplanned. Reinforcing the 
notion that most pregnancies were unplanned was the 
fact that most of those with unplanned pregnancies 
(198, or 65%) also reported themselves as surprised by 
the pregnancy. 

Sociodemographic characteristics. As seen in Ta- 
ble I, many (46%) of these women had not completed 
high school and most (71%) were single. A smaller but 
substantial proportion (22%) were adolescent. Most 
were born in New York City. Married women and those 
born outside New York City were statistically more 
likely to report a planned pregnancy. The differences 
in maternal ages between those with planned and those 
with unplanned pregnancies approached a level of sta- 
tistical significance (p = 0.06), with younger women — 
being somewhat more likely to report their pee 
as unplanned. 

Maternal attitudes toward the infant. Although for 
the majority (58%) of women this ‘pregnancy repre- : 
sented the birth of their first child, most. (86%) ex- 
pressed confidence in their child-caring ability; £ 53% 
had already selected a name e for the anticipated i nfant. A 
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Table II. Health behavior patterns of central 
Harlem women with planned (n = 113) and 
unplanned (n = 303) pregnancies 


Planned | Unplanned | Total 
(%) (%) (%) 






Behavior pattern 


Cigarette smoking 


Never 44.6 42.6 43.2 

Before pregnancy/not now 15:2 15.8 15.6 

Less than before pregnancy 23.2 26.2 25.4 

Same or more 17.0 15.4 15.9 
Alcohol use 

Never 39.6 39.7 39.7 

Before pregnancy 56.6 49.2 51.1 

Now 3.8 11.2 9.2 
Trimester of start of prenatal 

care 

First 43.2 36.2 38.0 

Second 48.6 48.4 48.5 

Third 8.1 15.4 13.6 - 


None of these variables discriminated between those 
who planned and those who did not plan the preg- 
nancy. However, those with planned pregnancies were 
marginally more likely to express confidence about 
their child-caring ability (91% versus 84%, x* = 2.89, 
p = 0.09). 

Maternal health behaviors. More than half (57%) of 
these women reported that they smoked, but 25% re- 
ported that they were smoking less; 16% reported that 
they had stopped smoking completely during their 
pregnancy (Table II). Although most women reported 
alcohol use, few (9%) reported continued use during 
the pregnancy. Most (62%) enrolled in prenatal care 
after the first trimester of pregnancy. 

Neither the use of tobacco or alcohol nor the timing 
into prenatal care discriminated between those who did 
and those who did not plan their pregnancies. Women 
who planned were marginally more likely to stop drink- 
ing during pregnancy than those who did not. 

Maternal stress, social support, and mental health. 
Most women (71%) had experienced at least one major 
stressful event (excluding pregnancy) in the year before 
conception (Table III). Moreover, these mothers’ levels 
of social support were low; few (29%) lived with a hus- 
band or boyfriend, and the majority (56%) were unable 
to name anyone who could help them in four or more 
of the presented hypothetical situations. In view of 
these findings, it is not surprising that a substantial 
proportion of these women (30%) scored in the dis- 
tressed range of the General Health Questionnaire. 
Women who reported living with a husband or boy- 
friend were statistically more likely to have planned 
their pregnancies. 

Previous reproductive history and pregnancy out- 
come. Among these women, almost 10% had had a 
previous low birth weight infant, and 14% had expe- 
rienced at least one spontaneous abortion, with 22% 
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Table III. Stressful events, social support, and 
mental health among central Harlem women 
with planned (n = 113) and unplanned 


(n = 303) pregnancies 
Planned | Unplanned | Total 
(%) (%) 





Psychological/social 
factor 





No. of stressful events in 


past year 
30.1 28.3 28.8 
l 24.8 33.6 31.2 
2 18.6 19.7 19.4 
5+ 26.5 18.4 20.6 
Lives with husband/boyfriend* 
No 61.9 74.0 70.8 
Yes 38.1 26.0 29.2 
No. of situations with someone 
named as helper 
12.4 16.5 15.4 
1-3 39.9 39.9 39.9 
4-6 47.7 43.6 44.7 
General Health Questionnaire 
<5 74.3 67.8 69.5 
>5 25.7 32.2 30.5 


*p-Value for x’ with appropriate degrees of freedom 
(p < 0.05). 


Table IV. Previous reproductive experience 
among central Harlem women with 
planned (n = 113) and unplanned 

(n = 303) pregnancies 





Reproductive experience 


Planned | Unplanned | Total 
(%) (%) 


Previous elective abortion 


No 77.0 78.0 77.7 

Yes 23.0 22.0 22.3 
Previous spontaneous abortion 

No 84.1 86.8 86.1 

Yes 15.9 13.2 13.9 
Previous low birth weight 

infant 

No 90.3 90.5 90.4 

Yes 9.7 9.5 9.6 





having had an elective abortion (Table IV). None of 
these factors were associated with the planning of preg- 
nancy. Of the 361 with obstetric outcome data (87% of 
those who delivered at Harlem Hospital), 10% weighed 
<2500 gm and 15% were preterm (<38 weeks’ gesta- 
tion). The outcome of pregnancy in terms of the in- 
fant’s gestational age or birth weight did not differ 
with the presence or absence of maternal pregnancy 
planning. 


Comment 


Variations in terminology make cross-study compar- 
isons of intendedness of pregnancy difficult. The avail- 
able national data? are developed from questions about 
whether the pregnancy is “wanted” and whether it is 
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wanted at the time of its occurrence. With use of these 
questions, the percentage of “unwanted” pregnancy is 
declining and is currently at a level of about 10%. How- 
ever, of those pregnancies defined as wanted, more 
than one quarter (28%) are defined by the respondents 
as mistimed. Thus more than a third of women consider 
their pregnancies unintended at the time of conception. 
In populations similar to the present study (low income, 
urban, never married), the proportions of unwanted 
or mistimed pregnancies are substantially higher: 30% 
unwanted and 41% mistimed, which suggests that as 
many as 59% of pregnancies in these women are not 
intended. 

In this study the percentage of “unplanned” preg- 
nancies is somewhat higher (73%). However, we delib- 
erately inquired about planning rather than wanting 
because of a concern that social desirability might lead 
to underreporting of unwantedness during an inter- 
view. Thus women who do not plan but want the preg- 
nancy when it occurs may be one source of discrepancy 
and may reflect an underestimate of the wantedness of 
pregnancy in urban low-income populations. On the 
other hand, the national data, may overestimate want- 
edness, because the number of women who report a 
pregnancy as wanted increases with time as those who 
did not intend to become pregnant begin to accept and 
anticipate the birth of a child. Regardless of the pre- 
cision of either data set, these data indicate that despite 
the availability of effective contraception, substantial 
numbers of pregnancies of urban low-income women 
in this country are unplanned at their conception. 

Although the high proportion of unintended preg- 
nancies was not unexpected, the failure of many of the 
usual socioeconomic and life-style variables to discrim- 
inate among the groups who planned and those who 
did not plan their pregnancies was not expected. These 
data suggest that urban low-income women who plan 
their pregnancies are somewhat more likely to be older, 
to live with a husband or boyfriend, to have been born 
outside the city of their current residence, and to be 
more confident about their ability to cope with the new 
baby. In addition, the concept of “covert” pregnancy 
planning is not supported by this study; no differences 
were found among the women who did not plan but 
were not surprised by the fact of pregnancy and those 
who did not plan but did report surprise by the event. 

These results do not support the conventional image 
of the urban low-income mother with an unintended 
or unplanned pregnancy as one whose high levels of 
stress and lack of a social support system or mental 
distress hamper her ability to use reliable contraceptive 
methods. However, women who planned their preg- 
nancy are significantly more likely to have the social 


stability involved in a relationship with a man, at least- 


to the extent of living with a husband or boyfriend. 
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These data support the findings of other investigations 
of low-income women and their decisions about abor- 
tion or continuation of pregnancy that the character- 
istics of the woman’s relationship with her male partner 
are the most predictive factor of a decision to continue 
her pregnancy.™ Both this study and previous work 
argue for the proposition that reproductive decisions 
of low-income women are made in the context of their 
specific situations and relationships and cannot be pre- 
dicted by relatively static characteristics of the woman. 

The absence of significant differences in obstetric 
outcome among women who did and those who did 
not plan their pregnancies reflects similarities in the 
presence of factors known to influence pregnancy out- 
come (tobacco use, timing of prenatal care, etc.). This 
lack of difference between those with planned and un- 
planned pregnancies indicates a missed opportunity, 
since even those with planned pregnancies are not able 
or encouraged to initiate their prenatal care early or to 
alter behaviors known to affect obstetric outcome ad- 
versely. 

Our results differ from some investigations that have 
noted an association between unwanted pregnancy and 
poor obstetric outcome.’ The discrepancy between 
these findings and the present study may reflect dif- 
ferences in the populations studied and in the influence 
of social class, or more specifically poverty, as mediators 
of the effects. 

The limitations of these results must be noted. First, 
the study population consists of low-income women 
who seek care from clinics affiliated with a public gen- 
eral hospital; it does not include those who seek care 
outside this system or those who receive no prenatal 
care before delivery. Second, not all eligible women 
completed the baseline questionnaire. While compari- 
sons of respondents with nonrespondents revealed no 
differences in incidence of prenatal problems or ob- 
stetric outcome, nonrespondents tended to be older, to 
be categorized as Hispanic, and to enroll in the earlier 
stages of the program. These differences can in part 
be explained by early logistic problems in program im- 
plementation and an initial lack of a Spanish version 
of the questionnaire. 

Despite these limitations, these findings have impor- 
tant implications for the development of programs of 
reproductive services for urban low-income popula- 
tions. If high levels of unplanned or unintended preg- 
nancies are continuing among urban low-income 
women and if no obvious maternal characteristics per- 
mit discrimination between those who will from those 
who will not plan, two separate strategies for interven- 
tion seem necessary. 

First, preconceptional care programs as recom- 
mended by the recent Institute of Medicine report' 
must involve approaches that do not require previous 
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knowledge of the timing of pregnancy and must be 
directed to the entire population of urban low-income 
women. In view of the apparent situational nature of 
the reproductive decisions of these women, multiple 
strategies for counseling low-income women about the 
adverse risks of pregnancy must be undertaken. The 
entire health and educational system with responsibility 
for these women, not just the obstetric and family plan- 
ning community, must become involved in a systematic 
and consistent pattern of counseling about adverse 
health behaviors, smoking, need for prenatal care, con- 
traceptive use, and the need for appropriate spacing 
of pregnancies. Considerable efforts must be directed 
toward training other health professionals, such as pe- 
diatricians and general physicians, in these matters so 
important to the health status of low-income pregnant 
women and their children. 

Second, these results reinforce the importance of ag- 
gressive management of medical problems and adverse 
health behaviors as early in pregnancy as possible. This 
study presents a picture of a group of women, regard- 
less of whether they have planned their pregnancies, 
who are under high levels of environmental stress and 
emotional distress and many of whom continue to 
smoke or to use excessive alcohol. Although traditional 
medical services have done much to improve the mor- 
bidity of pregnancy, these services can be anticipated 
to make no more than a marginal contribution to the 
health status of this group of pregnant women. Ad- 
ditional supportive services specifically designed to ad- 
dress these problems must be added to prenatal care 
services if additional improvement is to be expected. 


We wish to acknowledge the insights and critical con- 
tributions of Vanessa Smith, Anna Soto, Brenda Wil- 
liams, Sonya Branch, Agnes Cunningham, Arnecia 
Morgan, and Barbara Price and the helpful comments 
from consultants and staff of the Commonwealth Fund, 
as well as the assistance of Dr. David Cornfeld and 
Merceda Lafferty in preparation of the manuscript. 
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Ultrasonically evident fetal nuchal skin thickening: Is it 


specific for Down syndrome? 


Ants Toi, M.D., Gary F. Simpson, M.D.,* and Roy A. Filly, M.D. 


Hamilton, Ontario, Canada, and San Francisco, California 


Fetal nuchal thickening in the second trimester is suggested as an ultrasonographic sign strongly 
suggesting the presence of Down syndrome. To better understand this potentially valuable observation, we 
explored aspects of the finding not considered in previous reports. The published data were reanalyzed to 
estimate statistically the presence of the sign in a low-risk obstetric population. Second, films of 
chromosomally normal fetuses were reviewed to confirm the normal range of measurement. Finally, 
autopsy reports of aborted Down syndrome fetuses were reviewed. Our results confirm that true nuchal 
thickening is present in some second-trimester Down syndrome fetuses. Unfortunately, a positive sign 
occurs in a significant proportion of chromosomally normal fetuses. Also our calculations predict a high 
incidence of false positive results in a low-risk obstetric population. Consequently we urge caution in the 
interpretation of these findings until prospective characterization of these observations is available. (Am J 


OssTeTt GYNECOL 1987;156:150-3.) 


Key words: Down syndrome, ultrasonics, fetus 


Down syndrome has been diagnosed by pediatri- 
cians for many years by its phenotypical external fea- 
tures.” Previous authors emphasize that multiple char- 
acteristics need to be present before a confident diag- 
nosis can be suggested. They also stated that any of the 
multiple findings in Down syndrome infants may be 
found in chromosomally normal children. 

Recently two reports described an ultrasonographi- 
cally visible sign that was highly specific for predicting 
the presence of Down syndrome in the second trimester 
of pregnancy. The sign is an abnormal skin thickness 
of greater than 5 mm behind the neck.** In the re- 
ported combined patient series this finding was present 
in four of 11 (36%) Down syndrome fetuses and in only 
one chromosomally normal fetus. The authors further 
suggested that if the sign is present, then “it appears 
to be highly specific and should lead to counseling the 
parents regarding its implications and their options.” 
The serious clinical implications of these suggestions 
prompted us to analyze our own material to better un- 
derstand this potentially valuable ultrasonographic ob- 
servation. 
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Table I. Calculated changes in test 
performance as incidence of Down syndrome 
changes in the population 






Pregnancies in 










All women under 
pregnancies age 30 
Incidence 1:155 1:660 1:1500 
Sensitivity (%) 36.4 36.4 36.4 
Specificity (%) 99.9 99.9 99.9 
Positive predictive 80.0 48.3 19.6 
value (%) 
Negative predictive 99.6 99.9 99:9 
value (%) 


With the standard 2 x 2 table, if we know the incidence, 
sensitivity, specificity, we can calculate the new contents of each 
cell as the incidence changes. This then allows us to estimate 
the new positive and negative predictive values in test popu- 
lations that have differing incidences of disease.’ 


Methods 


We studied the following questions: (1) What would 
be the expected performance of this test in the general 
obstetric population that is at low risk for Down syn- 
drome? (2) Is this sign visible in chromosomally normal 
fetuses? (3) How frequently is nuchal thickening evi- 
dent in Down syndrome fetuses aborted in the second 
trimester? 

Test performance in low-risk population. The pub- 
lished data were analyzed with a standard 2 x 2 de- 
cision matrix that helps to determine the usefulness of 
a diagnostic test.” These results were then used to es- 
timate the expected performance of this test in the 
normal low-risk obstetric population. 
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Fig. 1. A, Ultrasonogram of normal fetal head at 21 weeks’ gestation showing normal skin thickness 
(arrows) behind the occiput. Here the plane of section is not steeply angled to the baseline. It is 
cephalad to the cerebellum and includes the occipital lobes and ambient cistern. B, Ultrasonogram 
of same fetus showing nuchal thickening of 8 mm measured as indicated by the arrows. Note that 
the plane of section in this image is more steeply angled to the baseline since the cerebellum and 
cisterna magna are included in the section. 


Is the sign visible in chromosomally normal fe- 
tuses? We reviewed the ultrasonograms of 28 preg- 
nancies undergoing detailed ultrasonic assessment for 
elevated amniotic fluid a-fetoprotein levels. This group 
was selected since all of these fetuses had been proved 
to be chromosomally normal and were in the same ges- 
tational age range as those of the previous studies. The 
gestational ages ranged from 18.5 to 25.5 menstrual 
weeks. Nuchal tissue thickness was measured on trans- 
axial images of the fetal head that were suitable for 
biparietal diameter measurement. The planes of sec- 
tion included the thalamus, third ventricle, and occip- 


ital tissues. The distance from the external surface of 


the occipital bone to the external surface of the skin 
was measured. If the scan angle was such that the pos- 
terior part of the plane of section was caudal to the 
ossified part of the occipital bone, then the thickness 
of tissue between the cisterna magna and the external 
surface of the skin was taken. In each instance, the 
maximal value was recorded. 

In an additional seven fetuses with normal chro- 
mosomes verified by amniocentesis, we deliberately set 
out to see if we could create a picture showing nuchal 
thickening by varying the angle of the plane of section 
while maintaining a transaxial orientation that always 
included the third ventricle and thalamus. 

How often does nuchal thickening occur in Down 
syndrome fetuses in the second trimester? The au- 
topsy reports of fetuses aborted with amniocentesis- 


verified Down syndrome at the University of California, 
San Francisco, were reviewed with attention to external 
soft tissue changes, especially in the region of the neck. 
Thirteen reports were available. Menstrual age ranged 
from 18 to 23 weeks. Since no anthropomorphic mea- 
surement criterion is available for nuchal skin thick- 
ness, we relied on the experience of the examining 
pathologist to visually differentiate thickened from 
normal neck tissues. 


Results 


Test performance in the low-risk population. In the 
combined published reports, 1704 patients at 15 to 20 
weeks’ gestation were assessed for nuchal thickening at 
the time of genetic amniocentesis. Eleven fetuses had 
Down syndrome, for an incidence of 11/1704, or one 
case per 155 patients. The positive finding of isolated 
nuchal thickening was present in four and absent in 
seven Down syndrome fetuses. One of the seven, how- 
ever, had a cardiac anomaly and hydrops, a combina- 
tion that also suggests Down syndrome. In only one 
instance was the finding present in a chromosomally 
normal fetus. 

This allows the following calculations: incidence = 
11/1704 (1:155); sensitivity = 4/11 (36%); specific- 
ity = 1692/1693 (99.9%); positive predictive value = 
4/5 (80%); negative predictive value = 1692/1699 
(99.6%). 

This test population had an unusually high incidence 
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Fig. 2. Dorsal midsagittal ultrasonogram of a chromosomally 
normal fetus showing the normal nuchal soft tissues. A trans- 
verse head image obtained along plane A would give an image 
as in Fig. 1, A, with “thin” occipital tissues. However, a steeply 
angled image along plane B would appear as in Fig. 1, B, and 
show spurious thickening of nuchal tissues (arrows) as a sec- 
tioning artifact. The transverse ultrasonogram along plane B 
would show the lower cerebellum and cisterna magna. 


of Down syndrome (1:155). Under these conditions a 
positive test indicates that four of five (80%) fetuses will 
have Down syndrome. 

If we know the incidence of the disease in another 
population, for instance, the normal low-risk obstetric 
population, then we can estimate the expected perfor- 
mance of the test in that instance. The published in- 
cidence of Down syndrome in mothers between 15 and 
29 years of age is 1: 1500.’ 

The calculations give the following results (Table I): 
sensitivity = 36%; specificity = 99.9%; positive predic- 
tive value = 20%; negative predictive value = 99.9%. 


Note that the sensitivity and specificity have not 
changed but the clinically important positive predictive 
value has decreased to 20%. 

Is the sign visible in chromosomally normal fe- 
tuses? In our study, nuchal thickening beyond 5 mm 
was present in six of 28 (21%) chromosomally normal 
fetuses examined for increased a-fetoprotein values in 
the amniotic fluid and ranged from 6 to 12 mm. None 
of these fetuses had hydrops, generalized skin thick- 
ening, or fluid collections in serous cavities. Only one 
had an anomaly, that being a mild dilation of cerebral 
ventricles without any other detectable abnormality. 
This anomalous fetus did not have evident nuchal 
thickening. When nuchal thickening was found, it was 
always present on a section taken for biparietal diam- 
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eter measurement, which included the thalamus and 
lower cerebellum and cisterna magna. 

In the group of seven chromosomally normal fetuses 
in whom we deliberately set out to see if we could create 
a falsely thickened neck, we found that as the image 
plane became more steeply angled caudally and inter- 
sected lower levels of the cerebellum and occiput, we 
were always able to show skin thickness >5 mm 
(Figs. 1, A and B, and 2). 

How often does nuchal thickening occur in Down 
syndrome fetuses in the second trimester? There were 
13 autopsy reports available. The neck was specifically 
stated to be normal in six abortuses. An additional three 
abortuses were noted to be externally normal, but the 
neck was not specifically mentioned. A further fetus 
had severe nonimmune hydrops. Another was macer- 
ated after spontaneous death in utero. Neck thickening 
was evident in two fetuses. This gives an incidence of 
two fetuses with isolated nuchal thickening in a total of 
11 (18%) if the hydropic and macerated fetuses are 
excluded. 

Unfortunately we cannot comment on the ultrasono- 
graphic frequency of occurrence of nuchal thickening 
at the University of California, San Francisco, Hospital 
since patients undergoing amniocentesis because of late 
maternal age have only a limited-guidance scan without 
detailed fetal assessment. Images were available for 
only a few patients in whom a major finding, such as se- 
vere hydrops, was evident at the time of amniocentesis. 


Comment 


Most Down syndrome infants are born to women 
under age 35 who have insufficient risk to warrant ge- 
netic amniocentesis. In addition, only about a third of 
women over age 35 undergo amniocentesis.’ Since 
many pregnant women undergo ultrasonographic ex- 
amination, it would be very useful to have an easily 
detectable, reliable ultrasonographic finding, such as 
nuchal thickening, to identify affected fetuses early 
enough in the second trimester so that there is time for 
possible intervention. 

A review of the literature reveals very little infor- 
mation about Down syndrome appearances in the sec- 
ond trimester. This is in contrast to the large body of 
information describing Down syndrome in neonates at 
term. Hall' evaluated 48 infants with Down syndrome 
at birth and identified 10 cardinal signs that were com- 
monly present. Excess skin at the base of the neck was 
noted in 80% of children at birth. He noted, however, 
especially with regard to the facial appearance, that skin 
edema may be a factor and that prematurely born in- 
fants have a less pasty and almost normal skin. This 
suggests that skin thickening may be less apparent in 
early fetal life. Stephens and Shepard’ studied 13 abor- 
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tuses with amniocentesis-verified trisomy 21 ranging in 
gestational age from about 17 to 25 weeks and com- 
pared them with normal aborted fetuses of similar size. 
They used Hall and other authors as a source of pos- 
sible signs that might be detectable in such a young 
fetus. They found that only the simian crease, clino- 
dactyly, septal heart defects, and small size were rela- 
tively common features in the trisomy 21 fetuses as 
compared with the normal control fetuses. They stated 
that the other features noted in term infants were less 
useful for identification of Down syndrome in early 
pregnancy. 

With our autopsy review we were able to confirm that 
nuchal thickening can be present in the second trimes- 
ter, but our 18% incidence is not as high as the 80% 
and 100% incidences noted in Down syndrome infants 
at term by Hall' and Fried? or the 36% (four of 11) 
found in the ultrasonographic series.’ 

At ultrasonography of chromosomally normal fe- 
tuses in the second trimester we found nuchal thick- 
ening of over 5 mm more commonly than the incidence 
of one per 1694 that has been reported. In our ret- 
rospective survey we found six of 28 (21%) with a false 
positive finding. Prospectively, we were able to make 
the nuchal measurement exceed 5 mm in every instance 
(seven of seven) when we angled the transducer cau- 
dally from Reid’s baseline. Examination of a midsagittal 
dorsal ultrasonogram of a fetus explains this pseu- 
dothickening (Fig. 2). As the scan plane is maintained 
on the thalamus but is tilted to include the cerebellum 
and cisterna magna, the section will include an increas- 
ingly thick section of nuchal muscles and skin. This is 
of concern since the inexperienced observer may easily 
interpret this to be pathologic thickening, especially if 
he/she is conscientious enough to deliberately survey 
the nuchal area for this feature. 

It is known that test properties such as sensitivity and 
specificity remain stable, irrespective of disease inci- 
dence. Unfortunately, this is not true for the more clin- 
ically useful positive and negative predictive values, 
which can undergo dramatic change if the same test is 
applied to populations that have a different incidence 
of disease. We can, however, calculate the expected per- 
formance in these circumstances.® As the incidence de- 
creases, the positive predictive value also decreases. In 
the original ultrasonographic reports the incidence of 
Down syndrome was 1: 155 and the predictive value of 
a positive test was 80%. However, in the general pop- 
ulation where the incidence of Down syndrome is 
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1:660,” a positive test will predict disease in only 48% 
of instances. For pregnancy in women under age 30, 
the incidence is 1: 1500 (Table I). Here a positive test 
will predict Down syndrome in only 20% of fetuses. 
This means that the other 80% or four of five fetuses 
with the finding will not have Down syndrome. As more 
information becomes available, these calculations may 
undergo significant change. Nevertheless, the 80% false 
positive rate in mothers under age 30 would suggest a 
more cautious approach than suggested by the previ- 
ously published reports that urge that mothers be told 
that their fetus has a probability of having Down syn- 
drome and have their options explained to them on 
the basis of only the ultrasonographic findings. 

In summary, we feel that this potentially useful ul- 
trasonographic sign of Down syndrome should be used 
with great caution. It is important to remember that 
the sign has been described only in the early second 
trimester and should not be used after 20 menstrual 
weeks. We were able to confirm that nuchal thickening 
does indeed occur in the second trimester in a small 
proportion of fetuses affected with Down syndrome. 
The ultrasonographic sign is as yet somewhat poorly 
described and it is possible to create false positive im- 
ages in a significant proportion of chromosomally nor- 
mal fetuses. In the normal low-risk obstetric popula- 
tion, the observation of the finding is more likely to 
identify a normal fetus than an abnormal one. 
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Clinical high-risk designation does not predict excess 


fetal-maternal hemorrhage 


Paul M. Ness, M.D., Michael L. Baldwin, M.T.(A.S.C.P.), S.B.B., and 


Jennifer R. Niebyl, M.D. 
Baltimore, Maryland 


During a 5-year period, an enzyme-linked antiglobulin test was used to screen and quantitate 
fetal-maternal hemorrhage in 789 consecutive D-negative mothers who were delivered of D-positive 
babies. Six hundred seventy-two patients (85.2%) had no detectable fetal-maternal hemorrhage, and 117 
patients (14. 8%) had a detectable fetal-maternal hemorrhage. Eight of the 789 (1%) had a fetal- matarnal 
hemorrhage >30 ml and required more than one vial of Rh immune globulin. Two patients with 
fetal-maternal hemorrhage of 29 and 30 mt also received additional Rh immune globulin. Each case was 
reviewed’ for the presence of high-risk features that are thought to predict patients at risk for fetal-maternal 
hemorrhage. Patients having a cesarean section or complicated vaginal delivery were considered to be in 
a group at high risk for fetal-maternai hemorrhage, while those with a spontaneous vaginal delivery were 
considered ‘not to be at risk for fetal-maternal hemorrhage. Thirty-two of 237 patients (13.5%) in the risk 
group and 82 of 552 patients (15.3%) in the group not at risk had detectable fetal-maternal hemorrhage. 
The incidence of fetal-maternal hemcrrhage for these two groups was not statistically different (p > 0.50 
by x? analysis). If only patients in the risk group had been screened for fetal-maternal hemorrhage, tren 
five of 10 (50%) who required more than one vial of Rh immune globulin would have been undertreated 
and at risk for developing anti-D antibodies. in addition, newborn birth weight, Apgar scores, and 
hematocrits were examined for 13 cases of fetal-maternal: hemorrhage of =21 ml, and none oʻ these 
characteristics could be used to predict patients at risk for fetal-maternal hemorrhage. Therefore, no 


= mateřnal or newborn characteristics ‘could bé identified that would reliably predict patients at risk for 


fetal- maternal hemorrhage. We conclude that all D-negative patients with D-positive babies should 
continue to be screened for fetal-maternal hemorrhage to identify those patients requiring more than one 
vial of Rh immune globulin. (Am J OBSTET GYNECOL 1987;156:154-8.) l Í 


Key words: High-risk pregnancy, fetomaternal hemorrhage, Rh immune globulin, 


enzyme-linked antiglobulin test 


The American College of Obstetrics and Gynecology 
has recommended that screening for excess postpar- 
tum fetal-maternal hemorrhage in D-negative mothers 
who are delivered of D-positive infants be performed 
only for high-risk pregnancies.’ This policy has raised 
much debate concerning the efficacy of screening only 
selected high-risk pregnancies.** Previously, a report 
from our institution examining postpartum blood sam- 
ples from 186 D-negative mothers with D-positive’ ba- 
bies during a l-year period demonstrated that no clin- 
ical or historical factors could predict the patients at 
risk for any detectable fetal- material hemorrhage.’ 
This report extends these findings to 789 patients stud- 
ied prospectively during a 5-year period and examines 
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the risk factors associated with fetal-maternal hemor- 
rhage requiring more than one vial of Rh-immune 
globulin. 


Material and methods 


The patients tested were D-negative mothers without 
anti-D antibodies who were delivered of Rh-positive 
babies at The Johns Hopkins Hospital from July 1980 
through July 1985. No patients were excluded from 
this prospective study. Clotted blood specimens from 
the mother and baby were tested for ABO and D, in- 
cluding Du, by standard test tube methods.® A post- 
partum maternal blood sample collected in ethylene- 
diaminetetraacetic acid (EDTA) was used to evaluate 
fetal-maternal hemorrhage by the enzyme-linked anti- 
globulin test, which has been previously described in 
detail.” * The test involves incubation of anti-D anti- 
bodies with the postpartum maternal EDTA blood sam- 
ple, then the addition of an anti-immunoglobulin G 
antibody, which is conjugated with the enzyme alkaline 
phosphatase, and finally the addition of the substrate 
p-nitrophenyl phosphate, which is converted to a yellow 
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Table I. Fetal-maternal hemorrhage detected by the enzyme-linked antiglobulin test 


Fetcmaternal hemorrhage 


Patients in current 3 yr study* 


Patients in previous I yr study’ 


0 ml 672 85.2 166 89.2 
0-19 ml 65 8.2 13 7.0 
11-20 ml 39 5.0 5 2.7 
21-30 ml 5 0.6 2 1.1 
>39 ml i338 1.0 Q 0.0 

Total - 789 100.0 186 100.0 

*Includes the patients in the previous l-year study. 
Table If. Comparison of fetal-maternal hemorrhage with type of delivery 
| No detectable 


Detectable ei ai hemorrhage 


Spontaneous delivery 


Cesarean section ie i 
Complicated vaginal OPENER 5 4 
Total i 65 39 


ABO compatible 
ABO incompatible 
Total 


*Four cord blood types unavailable. 


pigment for reading in a spectrophotometer. The blood 
sample o? the patient is compared with a standard curve 
that contains 0%, 0.25%, 0.5%, and 1% of Rh-positive 
red blood cells, which corresponds to a fetal-maternal 
hemorrhage in a 70 kg mother (5000 mi blood volume) 
of 0, 12.5, 25, and 50 ml of whole blood. | 

Obstetric charts and a delivery suite log were re- 
viewed to determine the mode of delivery. The mode 
of delivery was classified into one of three categories: 
spontaneous vaginal delivery, cesarean section, or com- 
plicated vaginal delivery. Delivery was considered com- 
plicated when forceps were used, multiple births oc- 
curred, abnormal third- trimester bleeding was noted, 
or fetal death was diagnosed i in utero. 


Results 


Table I shows the fetal-maternal hemorrhage de- 
tected in 789 postpartum samples’ from Rh-negative 
mothers delivered of Rh-positive babies. Six hundred 
seventy-iwo of the 789 samples (85.2%) had no de- 
tectable fetal-maternal bleeding. One hundred seven- 
teen of the 789 samples (14.8%) had a detectable fetal- 
maternal hemorrhage, and only eight of the 789 (1.0%) 
had bleeding >30 ml. Two samples in the 21 to 30 ml 
category had a fetal-maternal hemorrhage >25 ml, one 
of 29 ml and one of 30 ml. These two patients received 
an additional vial of Rh immune globulin. Table I also 


Gr 1 ho Os 


fetomaternal hemorrhage 


| Total 
No. % 
467 70 
: F fs 157 23 
1 109 _8 8 _7 
8 117 100 672 100 
92 79 524 78 
2 21 144 22 
117 100 668* 100 


shows results from the previous 1-year study as com- 
pared with the 5-year study of this report. 

Table H shows the number and total percentage of 
postpartum samples categorized by the amount of fetal- 
maternal hemorrhage and compared with the type of 
delivery. The percéntage of patients in the three cat- 
egories of delivery (spontaneous vaginal delivery, ce- 
sarean section, and complicated vaginal delivery) was 
similar for both the detectable and not detectable fetal- 
maternal hemorrhage groups, respectively: sponta- 
neous vaginal delivery, 73% versus 70%; cesarean sec- 
tion, 19% versus 23%; and complicated vaginal deliv- 
ery, 8% versus’ 7%. Table IJ also shows the number and 
percentage of babies that were ABO compatible or in- 
compatible with the maternal ABO type. For those with 
a detectable fetal-maternal hemorrhage and those with 
no detectable fetal-maternal hemorrhage, the percent- 
ages are similar: ABO compatible, 79% versus 78%; 
ABO incompatible, 21% versus 22%. 

Table III compares the amount of fetal-maternal 
hemorrhage for each type of complicated vaginal de- 
livery or cesarean section. These data show that for any 
one high-risk group, the majority of patients have no 
detectable fetal-maternal hemorrhage. For all of these 
patients, only 32 of 237 (13.5%) had any detectable 
fetal-maternal hemorrhage. This is not statistically dif- 
ferent from the incidence of fetal-maternal hemor- 
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Table III. Fetomaternal hemorrhage compared with type of complicated vaginal delivery or 


cesarean section 





No. of patients with detectable 
fetomaternal hemorrhage per 


No detectable total no. of patients for each 









Detectable fetomaternal hemorrhage (total n = 32) fetomaternal type of delivery 

hemorrhage 
0-10 ml 11-20 ml 21-30 ml (total n = 205) % 
Use of forceps 5 a — ` — 36 8/44 18 
Multiple births — = — I 2 1/3 33 
Fetal death — ] — — 9 1/10 10 
Ectopic pregnancy — — — — l 0/1 0 
Cesarean section 12 5 2 3 157 22/179 12 

Total 


32/237 13.5 





Table IV. Clinical summary of 13 patients with fetomaternal hemorrhage of #21 ml 






Fetomaternal Vial of 
Case hemorrhage Rh immune globulin | ACOG-defined 
No. | (ml of whole blood) given risk group 
l 21 l No 
7a 27 ] Yes 
3 44 2 Yes 
4 37 2 Yes 
5 24 l No 
6 168 8 Yes 
7 36 2 No 
8 30 2 No 
9 65 3 Yes 
10 32 2 No 
1} 36 2 No 
12 34 2 No 
13 29 2 Yes 


Newborn infant 










Apgar score 


Hematocrit 







Mode of 





Parity delivery 1 min 
2-0-0-2 SVD i 3330 9 9 58 
0 PROM, C/S 2180 8 9 65 
1-0-0-1 PROM, C/S 2560 9 56 
5-0-0-5 AP, C/S 3960 6 9 75* 
0-0-2-0 SVD 3340 9 9 6l 
0 PROM, C/S 2690 6 8 29f 
2-0-1-2 SVDł 2390 7 9 58 
3-0-1-2 SVD 3250 9 9 48 
2-0-0-2 SVD (twins) 
Twin A 2260 8 9 55 
Twin B 2340 6 7 57 
l-1-0-1 SVD 4190 8 8 50 
0 SVD 3870 7 9 63 
3-1-0-4 SVD 3780 7 8 47 
3-0-0-3 PP, C/S 1480 6 7 33§ 


ACOG = American College of Obstetricians and Gynecologists; SVD = spontaneous vaginal delivery; PROM = premature 
rupture of membranes; C/S = cesarean section; AP = abruptio placentae; PP = placenta previa. 


*Partial exchange transfusion for polycythemia. 


+Transfusion for anemia attributed to large fetomaternal hemorrhage. 


¢Spontaneous delivery of placenta. 


§Premature infant born at about 30 weeks, with transfusion for anemia. 


rhage for patients who had spontaneous vaginal deliv- 
ery without any complications (Table II), where 85 of 
552 (15.8%) had a detectable fetal-maternal hemor- 
rhage (p > 0.50). 

Table IV provides a summary of all 13 patients who 
had a fetal-maternal hemorrhage of 221 ml. Seven of 
these patients had a spontaneous vaginal delivery with- 
out any complicating factors, one patient had twins, and 
five patients had a cesarean section. The five patients 
with spontaneous vaginal delivery ‘arid bleeding >30 
ml all had spontaneous delivery of the placenta. Manual 
removal of the placenta was not a cause of fetal-ma- 
ternal hemorrhage in these patients. Birth weight, Ap- 
gar scores, and hematocrits were’ examined for each 
newborn infant to see if any of these would be indi- 


cators of fetal-maternal hemorrhage. Neonatal anemia 
might have suggested large amounts of fetal-maternal 
hemorrhage in only two cases, Case No. 13 (hematocrit 
33%) at 30 weeks’ gestational age and Case No. 6 (he- 
matocrit 29%) with an unusually large fetal-maternal 
hemorrhage of approximately 168 ml. As shown in 
Table IV, five of the 10 patients receiving an additional 
vial of Rh immune globulin would have been missed if 
only risk groups defined by the American College of 
Obstetricians and Gynecologists were screened for ex- 
cessive fetal-maternal hemorrhage. 


Comment 


The initial report from our hospital used enzyme- 
linked antiglobulin test to detect and measure fetal- 
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maternal hemorrhage in 186 patients during a l-year 
period.® This report extends the study to 789 patients 
during a 5-year period and includes the 186 patients 
previcusly described. The percentage of patients with 
and withcut detectable fetal-maternal hemorrhage is 
similar for the two time periods as shown in Table I. 
The current study shows that 117 patients (14.8%) had 
a detectable fetal-maternal hemorrhage and that eight 
patients (1%) had a fetal-maternal hemorrhage >30 ml. 
This is similar to results in previous studies that used 
the acid-eiution stain to quantitate fetal-maternal hem- 
orrhage and showed an overall incidence of detectable 
bleeding to be 14.5% with 1% >30 ml.° 

The American College of Obstetrics and Gynecology 
has stated that routine screening for excess fetal-ma- 
ternal hemorrhage is not recommended but should, 
however, be performed for all high-risk pregnancies.' 
The American College of Obstetricians and Gynecol- 
ogists defines high risk to be circumstances such as 
abruptio placentae, placenta previa, cesarean delivery, 
intrauterine manipulation (as with twins), or manual 
removal of the placenta. This report demonstrates that 
these risk factors are not accurate predictors of any 
detectable fetal-maternal hemorrhage or, more impor- 
tant, excess fetal-maternal hemorrhage requiring more 
than one vial of Rh immune globulin. In this study, 
237 patients, or 30% of the total, were found to be in 
an American College of Obstetricians and Gynecolo- 
gists risk category, either cesarean section or compli- 
cated vaginal delivery. However, only 32 of these 237 
patierts (13.5%) had a detectable fetal-maternal hem- 
orrhage, which is not significantly different from the 
incidence in the group that was considered not to be 
at risk, where 82 of 552 patients (15.3%) had a detect- 
able fetal-maternal hemorrhage (p > 0.50). These data 
show that being in an American College of Obstetri- 
cians and Gynecologists risk category is not a predictor 
of fetal-maternal hemorrhage. 

Takle IV provides a summary of all 13 patients found 
to have a fetal-maternal hemorrhage of =21 ml. If the 
criteria of the American College of Obstetricians and 
Gynecologists had been used to determine the popu- 
lation of patients requiring screening for fetal-maternal 
hemorrhage, four of the eight with a fetal-maternal 
hemorrhage >30 ml would have been missed and at 
risk for forming anti-D antibodies because of an in- 
adequate dose of Rh immune globulin. In addition, two 
of the five patients with fetal-maternal hemorrhage be- 
tween 2] and 30 ml had bleeding quantitated by the 
enzyme-linked antiglobulin test to be 29 and 30 ml. 
Since the reproducibility of the enzyme-linked anti- 
globulin test is + 10%, each of these patients was given 
a second vial of Rh immune globulin. One of these 
patierts was in a risk category (Case No. 13) and the 
other was not (Case No. 8). Again, if only the patients 
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in risk categories were screened for excess fetal-mater- 
nal hemorrhage, then one of these two patients would 
have been at risk for alloimmunization and subsequent 
affected pregnancies. Therefore, in this study, a total 
of five of 10 patients (50%) would have been under- 
treated if only the criteria of the American College of 
Obstetricians and Gynecologists were followed. 

We also investigated maternal parity, newborn birth 
weight, Apgar scores, and hematocrit for these 13 pa- 
tients. These factors, taken singly or in combination, 
do not reliably predict excessive fetal-maternal hem- 
orrhage. When the normal range for hematocrit” at 
birth is taken to be 53% to 65%, then only five of these 
newborn infants had hematocrits below the normal 
range (Cases 6, 8, 10, 12, and 13). Only in Cases 6 and 
13 were the hematocrits markedly below normal. In 
Case 6, the hematocrit of 29% can be attributed to an 
unusually large, fetal-maternal hemorrhage of approx- 
imately 168 ml. In Case 13, the fetal-maternal hem- 
orrhage of 29 ml represents a large volume for a low 
birth weight infant (1480 gm) and accounts for the low 
hematocrit of 33%. However, as shown by Cases 3, 7, 
9, and 11, the normal hematocrits give no indication 
of the excessive fetal-maternal hemorrhage requiring 
more than one vial of Rh immune globulin. 

In summary, this study shows that there are no re- 
liable indicators to predict patients at risk for fetal- 
maternal hemorrhage, or specifically at risk for excess 
fetal-maternal hemorrhage. Following the policy sug- 
gested by the American College of Obstetricians and 
Gynecologists would have resulted in half of the pa- 
tients (five of 10) in this study being undertreated and 
at risk for developing anti-D antibodies. Simple, sen- 
sitive, and inexpensive methods exist to screen rou- 
tinely for excessive fetal-maternal hemorrhage. The 
enzyme-linked antiglobulin test used in this study has 
the advantage of screening and quantitating with one 
procedure. The rosette technique as described by Se- 
bring and Polesky" is a simple and inexpensive screen- 
ing procedure that, if positive, can then be followed by 


‘a quantitative procedure. In the near future, other 


techniques that are sensitive, objective, and automated 
can be adapted to meet the medical requirements for 
fetal-maternal hemorrhage screening. 

We therefore conclude that there are no medical or 
economic reasons not to screen all D-negative mothers 
delivered of D-positive babies for excess fetal-maternal 
hemorrhage. The availability of acceptable screening 
procedures would suggest potential liability if a patient 
develops anti-D antibodies in the absence of adequate 
screening. Finally, we would question whether any cri- 
teria for screening could be adopted that would result 
in screening of all indicated patients. Unless the criteria 
for which patients to screen are rigidly enforced and a 
suitable monitoring system can be implemented, many 
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patients will not receive screening even if they meet the 
criteria. 
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Endometrial blood flow measured by xenon 133 clearance in- 
women with normal menstrual cycles and dysfunctional 


uterine bleeding 


Ian S. Fraser, M.D., Gay McCarron, R.N., Brian Hutton, M.Sc., and Daniel Macey, Ph.D. 


Sydney and Camperdown, Austraha, and Oxford, England 


Endometrial blood flow was measured through the menstrual cycle in nonpregnant women (28 studies of 
17 women with normal menstrual cycles and 32 studies of 20 women with dysfunctional uterine bleeding) 
with use of a clearance technique in which 100 to 400 wCi of the y-emitting isotope, xenon 133 in saline 
solution was instilled into the uterine cavity. The mean (+ SEM) endometrial blood flow in normal cycles 
was 27.7 + 2.6 ml/100 gm/min, with a significant elevation in the middle to late follicular phase, fo'lowed 
by a substantial fall and a secondary slow luteal phase rise that was maintained until the onset of 
menstruation. There was a significant correlation between plasma estradiol levels and endometrial blood 


flow in the follicular but not the luteal phase. Blood flow patterns in women with ovulatory dysfunctional 
bleeding were similar to normal, except for a significantly lower middle follicular rate. Women with 
anovulatory dysfunctional bleeding exhibited exceedingly variable flow rates. (Am J OBSTET GYNECOL 


1987;156:158-66.) 


Key words: Endometrium, blood flow, menstrual cycle, dysfunctional uterine bleeding, 


xenon clearance 


Several investigators have devised different ap- 
proaches to the measurement of human myometrial 
and endometrial blood flow with use of inert gas clear- 
ance.” Most studies have concentrated on myometrial 
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blood flow, and virtually nothing is known about ab- 
solute changes in human endometrial blood flow dur- 
ing normal or abnormal menstrual cycles. 

The only previous study that has used a technique 
capable of giving a measure of the absolute rate of 
blood flow in human endometrium demonstrated a fall 
in flow when in the standing position compared with 
the supine one.’ These investigators used a technique 
of intrauterine xenon 133 clearance, which has been 
explored and validated further by us.° 

Preliminary information on relative changes in en- 
dometrial blood flow during the menstrual cycle has 
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Table I. Clinical data on 17 women with normal menstrual cycles who underwent endometrial blood 
flow studies 














Days since last 
Subject Cycle length menstrual 

No. (day) period 
Cl 4} 25-28 7 
C2 39 30-35 7 
C3 28 26-33 12 
C4 37 28-31 4 
C5 25 28-35 23 
C6 36 30-35 20 
C7 32 24-28 8 
C8 37 28-35 10 
Cg 39 29-32 26 
24 
C10 30 27-32 25 
5 
li 
Cll Jae 28-34 14 
C12 28 27-30 26 
18 
C13 31 24-29 5 
] 
3 
Cl4 35 27-29 14 
9 
28 
C15 30 30-34 15 
29 
7 
C15 2} 27-32 17 
C17 28 26-30 25 
16 


P = Proliferative; LP = late proliferative; ES = early secretory; 


been presented by Markee’ from his work on endo- 
metrial ocular autotransplants in rhesus monkeys and 
by Prill and Götz? using a heat clearance technique in 
women. Neither of these methods can give a measure 
of absolute rates of flow, and the heat clearance tech- 
nique cannot be accurately calibrated from day to day. 

This report describes the first study of changes in 
absolute blood flow in human endometrium at differ- 
ent stages of the normal menstrual cycle and in a group 
of women with dysfunctional uterine bleeding. 


Material and methods 


Endometrial blood flow measurement was carried 
out with use of an intrauterine Xe clearance tech- 
nique. The theoretic considerations of inert gas clear- 
ance of this type from tissue have been well described 
and evaluated by Kety? and have been applied by a 
number of investigators to the study of human myo- 
metrial'® and endometrial blood flow.’ Testing of the- 
oretic considerations has been described more fully 
- (Fraser IS, McCarron G, Hutton BF, Macey D. An eval- 
uation of two inert gas clearance techniques for mea- 
surement of endometrial blocd flow in women. Un- 
published observations). 


Plasma steroid levels 












Estradiol Progesterone Endometrial Idealized 
(pgiml) (ng/ml) 

555 <l P 10 
115 <] P 5 
620 <] LP 12 

— - P 4 
160 14.7 MS ae 
185 9.8 ES 18 
285 <l P 10 
255 <l P 9 
410 15.2 — 24 
365 12.6 MS 21 
290 8.5 - 23 
115 <i — 5 
345 <l — 1] 
490 <l — 12 
290 6.1 ~ 26 
360 10.9 — 19 
385 <l — 8 
135 1] — l 
150 <] — 3 
335 <l -— 14 
220 <] - 8 
105 1.3 ~ 27 
200 1.8 — 15 
265 5.3 - 21 
155 <l — 6 
330 2.1 — 15 
265 12.0 — 25 
290 4.6 -— 16 


MS = middle secretory. 


Xe (100 to 400 pCi) was instilled through a fine 
and moderately pliable catheter (Portex Instruments, 
Hythe, Kent, England; size 4FG, external diameter of 
1.34 mm) in a small volume (0.05 to 0.1 ml) of normal 
saline solution into the uterine fundus. Steady uptake 
into endometrial tissue and clearance into the venous 
circulation are directly related to endometrial blood 
flow. Over 90% of the gas is then eliminated from the 
body in one passage through the lungs. The removal 
of radioactivity from the uterine cavity was detected by 
an external gamma camera (Searle Pho-Gamma 4, with 
a 28 cm field and a high sensitivity collimator} and 
recorded and analyzed with use of a computer inter- 
faced with the gamma camera. The clearance curves 
were analyzed into two or three single exponential com- 
ponents on log-linear scales. The flow rates in each 
compartment were calculated from the following equa- 
tion, assuming a tissue/blood partition coefficient for 
8 Xe of 1.0"° and a specific gravity for endometrium 
of 1.0: 


4 


F = 100k ml/100 gm/min 


where k = 0.693 + t¥ and t% = the half-time of the 
exponential in minutes. The relative sizes of each of 
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Table II. Clinical data on 20 women with dysfunctional uterine bleeding who underwent endometrial 
blood flow studies 













Plasma steroid levels 

















Days since last Type of 
Subject Cycle length menstrual Estradiol | Progesterone Endometrial dysfunctional Idealized 
No. ` (day) : period histolagy uterine bleeding | cycle day 
ADI 46 14-50 22 600 <l LP ANOV (22) 
AD2 43 20-60 16 380 <I LP ANOV (16) 
AD3 45 28-50 20 555 <l CGH ANOV (20) 
AD4 4} 26-60 2 = - — ANOV (2) 
9 540 <] -— (9) 
AD5 29 25-35 - 23 490 <] — ANOV (23) 
9 720 <l — (9) 
AD6 31 18-40 26 205 <] — ANOV (26) 
ODI 39 28-35 31 335 4.6 LS OV 27 
OD2 42 21-30 13 . ~ — ES OV 17 
OD3 36 24-30 l — — M OV l 
OD4 35 27-40 28 © 340 24.7 MS OV 21 
OD5 31 28-35 12 195 <ł P OV 8 
OD6 36 29-35 9 135 <l — OV 5 
12 200 <l — 9 
28 225 10.8 — 23 
OD7 34 25-28 8 670 <I — OV 10 
21 180 7.6 — 25 
24 145 4.9 — 26 
OD8 31 26-35 12 420 <l — OV 12 
14 135 6.3 — 16 
35 105 2.1 - 27 
OD9 40 27-30 1] 455 <l — OV 11 
a 390 <] — 9 
OD10 38 29-35 6 , 90 <] — OV 4 
OD11 29 28-31 26 145 8.3 — OV 25 
OD12 34 27-32 15 430 <] -— OV 11 
14 275 10.4 - 15 
24 280 14.5 - 24 
OD13 4] 26-31 10 645 <l -— OV 1] 
19 295 11.8 — 19 
OD14 37 21-25 5 585 <l — OV 10 


ANOV = Anovulatory; OV = avulatory; P = proliferative; LP = late proliferative; ES = early secretory; MS = middle secre- 
tory; LS = late secretory; M = menstrual; CGH = cystic glandular hyperplasia. 


the compartments as a percentage of total tissue mass 
(m'% and m”%) were calculated by back extrapolation 
of the exponents to time zero to obtain the initial dis- 
tribution of counts to each compartment (Ao’ and Ao’): 
Ao F Xx m% 
Ao" F x m"% 


and the mean endometrial flow (F) from the relation: 
F = (F’ x m’%) + (F" X m’%) 


Experimental data from ewes® indicated that the 
mean flow with use of both compartments gave a more 
accurate assessment of total endometrial flow than use 
of any single compartment flow on its own. However, 
there is still considerable controversy as to the signifi- 
cance of different compartments, which are therefore 
reported separately here. 

Analysis was carried out with use of a computer 
(Digital Equipment Corporation, Model PDP 11/34 
Gamma 11) and modified iterative function minimi- 


zation program"! for fitting a multiexponential curve 
by the least squares method. The formula for the wash- 
out curve was as follows: 


A(t) = Ao’ exp (—k’t) + Ao” exp (— k"t) 


where A is the activity at the time t, and Ao’, Ao’, k’, 
and k” are the unknown constants to be estimated for 
a two- or three-component exponential. 

The analysis of the curves obtained assumes a bi- 
modal distribution of blood flow into two or three ho- 
mogeneously perfused compartments that are ar- 
ranged in parallel. After conversion to a log-linear 
scale, analysis involves initial identification of the slow- 
est component (after background subtraction), which 
is then subtracted from the original raw data curve to 
leave the faster component. In occasional experiments 
an ultrafast third component was identified when the 
second component was subtracted. The existence of 
different components or compartments points to the 
existence of portions of endometrial tissue with differ- 
ent blood flow rates. The influence of small air bubbles 
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Table III. Endometrial blood flow in 17 women with normal menstrual cycles 











Subject | Idealized|  #/⁄2 Flow Size | th Flow Size | th Flow Size} Mean flow 
No. (min) | (ml/100 cali (%) \(min)\ (ml/100 gmimin)| (%) = (ml/100 gmimin) | (%) | (ml/100 gm/min)* 
Cl 10 36.6 55.7 53.5 
C2 5 >100 ae l E: i : 15.5 if — 15.5 
C3 12 17.9 `> 3.9 2.5 1.4 49.1 97.5 — 48.0 
C4 4 84.4 <I 1.2 6.1 11.4 98.8 — 11.3 
C5 22 28.3 2.4 5° L8 37.5 95° = «5.8 
C6 18 15.7 44 14 3.6 19.2 86 _ a | 
C7 10 21.2 3.3 3 38 21.0 40 14 49.5 57 36.8 
C8 9 40.4 1.7 6 2.2 31.4 94 — 29.6 
c9 24  >100 <] <il 1.7 40.2 100 ~ 40.2 
' 2] 29.9 2.3 12 18 38.6 88 ~ 34.3 
C10 23 + >100 <l <1, 29 29.9 100 = 29.9 

5 >100 >] <l 2.6 27.0 100 — 27.0 

ll 16.4 4.2 5- 2.7 25:7 95 — 24.6 

Cll 12 >100 <] <1 6.7 10.3 39 0.66 105.0 61 68.1 
C12 26 26.1 2.6 <l] 19 34.9 99+ — 34.7 
19 > 126 5.5 2.6 3.5 19.6 97.4 — 19.2 

C13 8 11.6 6.0 i7 20 34.0 83° = 29.2 
l 14.9 4.7 1.9 2.5 27.9 98.1 - 27.5 

3 27.6 2.5 l4 49 14.1 86 — 12.5 

Ci4 14 34.9 2.0 13 48 14.5 87 — 12.9 
8 87.2 0.8 1.5 25 27.1 98.5 — 26.7 

27 28.9 2.4 4 2.2, 31.7 96 - 30.5 

C15 15 S157 2.2 5 64.1 17.0 95 — 16.3 
27 >100 <] <] 28 25.1 100 — 25.1 

6 >100 <] <] 3.1 22.1 100 — 22.1 

C16 15 39.4 1.8 48 44 15.8 52 — 9.1 
C17 25 18.2 3.8 6 26 26.7 94 — 25.3 
16 22.4 3.1 6 5.7 ]2.] 94 — 11.6 


*Mean + SEM = 27.7 + 2.6. 


in the injection, volume of injection fluid, and repeated 
installations on clearance curves have all been studied 
in detail and have not been found to interfere sig- 
nificantly with the flow measurements ‘(Fraser IS, 
McCarron G, Hutton BF, Macey D. An evaluation of 
two inert gas clearance techniques for measurement of 
endometrial blood flow in women. Unpublished obser- 
vations). ) | 
Subjects studied included 17 women with normal 
menstrual cycles (Table I) and 20 women with dys- 
functional uterine bleeding (6 anovulatory) (Table II). 
These women were studied at different stages of the 
menstrual cycle, and 15'were studied on'more.than one 
occasion (seven normal cycles and eight with dysfunc- 
tional uterine bleeding). Dysfunctional uterine bleed- 
ing has been defined as excessively heavy, excessively 
prolonged, or excessively frequent uterine bleeding in 
the absence of recognizable pelvic or generalized med- 
ical disease or pregnancy." All subjects enrolled into 
this study gave a convincing history of menorrhagia. 
Almost all subjects also had plasma estradiol and pro- 
gesterone levels measured at the time of blood flow 
studies, and most had several samples taken at other 
stages in the same cycle. All women kept an accurate 
note of data of each preceding and succeeding men- 


strual period, and some maintained basal body tem- 
perature and vaginal mucus charts. A combination of 
these pieces of information permitted dating of each 
blood flow measurement to an idealized 28-day men- 
strual cycle, except in those women with a history of 
anovulatory dysfunctional uterine bleeding. | 


Results 


sXe washout half-times and supine endometrial 
blood flow calculations for each subject are summarized 
in Tables IHI and IV. The overall mean (+SEM) en- 
dometrial blood flow in women with normal cycles was 
27.7 + 2.6 ml/100 gm/min. when all measurements 
were considered together. Control subjects and women 
with ovulatory and anovulatory dysfunctional uterine 
bleeding have been considered separately in Table V 
according to this stage of the cycle. Although numbers 
in each group are small, there does not appear to be 
much difference between women with normal men- 
strual cycles and those with ovulatory dysfunctional 
uterine bleeding (Figs. 1 and 2). However, blood flow 
in normal women in the middle follicular phase (days 
8 to 12) was significantly higher than in the women with 
ovulatory dysfunctional uterine bleeding (39.6 and 25.2 
ml/100 gm/min;t = 2.274, p < 0.05). One woman with 
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Table IV. Endometrial blood flow in 20 women with dysfunctional uterine aoe 














Subject |Idealized| t'% Flow Size | th Flow Size ae Flow Size) Mean flow 
No. (min) one et (%) |(min)| (ml/100 gm/min)| (%) |(min)| (ml/ 100 gin/min) | (%) Hi gm/min)* 

ADI 22 16.3 4.3 63.0 42.5 
AD2 16 25.6 ae : 18a A 17 40.8 41 26.2 
AD3 20 19.1 3.7 22 15 46.2 88 — - : 41.5 
AD4 2 13.7 5.1 29 48 14.3 71 — 11.6 
l 9 14.4 4.8 l4 25 28.2 86 — 24.9 
AD5 23 20.4 3.4 2.8 1.7 42.0 97.2. — 40.9 
9 19.5 3.6 1.7 1.2 57.8 98.3 — 56.9 
AD6 26 31.5 22 9 16. 42.2 9] — 38.6 
ODI 27 26.7 2.6 2 2 52.8 98 — 51.8 
OD2 17 21:0 33 8 3.0 22.9 92 — 21:3 
OD3 I 13.6 5.1 10 25 27.2 90 — 25.0 
OD4 2] 23.7 2.9 4.8 3.2 22.0 95.2 — 21.1 
OD5 8 18.8 Ir 12 4.8 14.5 58 2.5 27.5 30 17.0 
OD6 5 82.0 0.85 2.6 3.4 20.1 97.4 -= 19.6 
: 9 20.0 3.5 11. 2.9 23.6 50 2il 33.6 25.3 
23 49.4 1.4 a | 1.7 40.8 99+ — 40.6 
OD7 10 14.0 5.0 G5 22 31.5 94. — 29.9 
25 >100 <l <] 1.9 35:7 100 — 35.7 
26 29.4 2.4 <I 20 35.5 99 — 35.3 
OD8 12 15.5 4.5 5 4.6 15.1 95 — 14.6 
16 15:2 4.6 43 55 12.6 57 ~ 9.2 
27  >100 <I >] 24 29.4 100 — 29.4 
ODS ll 18.9 3.7 7 3.1 22.7 93 — 21.4 
9 18.6 3.7 <} 43 16.3 99+ — 16.2 
OD10 4 61.5 1al Eo a 9.5 93 — 8.9 
ODII 25 22.5 3.1 3 21 33:5 97 — 32.3 
OD12 ll 14.7 4.7 6 28 24.8 94 — 23.5 
15 >100 <l <L 3.7 19.0 100 -— 19.0 
24 100 | 1 3.0 23.4 100 — 23.4 
OD13 1] "44.4 1.6 1.4 2.3 30.5 98.6 — 30:1 
19 12.0 5.8 10 6.3 11.0 42 2.3 29.7 48 19.5 
J <] 1.4 48.5 100 — 48.5 


OD14 10  >100.- < 


*Mean + SEM = 28.2 + 2.2. 


Table V. Endometrial blood fe measurements at different stages of the menstrual cycle in women with 
normal cycles or ui uterine bleeding i 









































-Early `- Middle Peri- | . Middle Pre- Persistent 
follicular | follicular ovulatory | Early luteal luteal menstrual follicular 
days 1-7 | days 8-12 | days: 13-16 | days 17-21 | days 22-25 | days 26-28 | (anovulatory) 

Normal cycles >. 19.3 - 396 >` 125 23.5 . 328° BOL L 
(n= 6). (n= 8). (n= 4) (n = 3) (n = 4) (n = 3) . 
Ovulatory dysfunctional 17.8 25.2 14.1 20.6 33.0 38.8 — 

uterine bleeding (n = 3) (n = 9) (n = 2) (n = 3) (n = 4) (n= 3) 

Anovulatory dysfunctional 11.6 40.9 © — — = - 37.9 
uterine bleeding l (m= 1) (n = 2) (n = 5) 
ovulatory dysfunctional uterine bleeding had a high in endometrial blood flow with high levels in the middle 
rate of flow (51.8 ml/100 gm/min) on the day before to late follicular phase which fell substantially around 
menstruation, but others with dysfunctional uterine ovulation. A secondary rise occurred through the early 
bleeding were in the same range as control subjects i in and middle luteal phases and was maintained until the 
the premenstrual period. onset of menstruation. In two women (C13 and OD3) 

‘The number of women with anovulatory dysfunc- measurements were carried out just after the onset of 
tional uterine bleeding was too small to make any com- premenstrual spotting and a few hours before the onset 
ment except that exceedingly variable blood flows were of full flow. In both these cases endometrial flow was 
recorded and these overlapped with normal levels. still maintained at a fairly high level (27.5 and 25.0 ml/ 

Women with riormal cycles and ovulatory dysfunc- 100 gm/min). Later in menstruation and during the 


tional uterine bleeding had an obvious cyclical variation early follicular phase flow was slower. 
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Fig. 1. Endometrial blocd flow (ml/100 gm/min) measured using “Xe clearance at different stages 
of the menstrual cycle in women with normal cycles. Data have been adjusted to fit into an idealized 


28-day menstrual cycle. 


Only six examples of three component curves were 
recorded, which occurred in both dysfunctional uterine 
bleeding groups as well as in normal cycles. There did 
not appear to be any particular pattern to their occur- 
rence, and mean flows were quite variable (17.0 to 68.1 
ml/100 grn/min). 

A clear correlation between, plasma estradiol levels 
and endometrial blood flow was recorded for all studies 
undertaken when progesterone levels were <1 ng/ml 
(r = 0.622; n = 31) (Fig. 3) and for women with nor- 
mal cycles when progesterone was <] ng/ml (r = 
0.760; n = 13). This correlation between plasma estra- 
diol and endometrial blood flow was lost when pro- 
gesterone was elevated (total subjects: r = 0.016; n = 
25). No correlation between plasma progesterone levels 
and endometrial blood flow was found for luteal phase 
studies (total: r = 0.073; n = 25). This poor correla- 
tion was particularly obvious when endometrial blood 
flow did not fall substantially during the premenstrual 
period at a time when estradiol and progesterone were 


falling rapidly. 


Comment | 

Most previous work on genital tract blood flow in 
nonpregnant women has been directed toward study 
of myometrium, myomas, endometrial cancer, amen- 
orrhea, dysmenorrhea, and changes in posture, and no 


previous systematic studies have been carried out in 
normal and abnormal cycles or in relation to menstrua- 
tion. This investigation has provided the first assess- 
ment of changes in absolute blood flow in human en- 
dometrium through the menstrual cycle, as well as in 
women with dysfunctional uterine bleeding. 

Cyclical changes in endometrial blood flow have been 
clearly demonstrated, with high levels in the middle to 
late follicular phase, a large fall at around ovulation, 
and a secondary luteal phase rise that was maintained 
until menstruation. The preovulatory measurements 
showed a positive correlation between circulating levels 
of estradiol and endometrial blood flow. This correla- 
tion was lost during the luteal phase. The major fall in 
blood flow at around ovulation seemed to slightly pre- 
cede the midcycle rise in progesterone. Unfortunately, 
the progesterone assays used in the study were not 
reported sufficiently accurately in the lowest part of the 
range to exclude a very small rise in progesterone in 
two subjects (C14 and OD8) who had low blood flow 
levels at days 12 and 14. Other factors than plasma 
estradiol and progesterone levels must influence en- 
dometrial blood flow, at least Sune some stages of the 
cycle. 

In the latter part of te luteal phase when luteolysis 
was occurring, there was no evidence of any related fall 
in endometrial blood flow. In fact, blood flow was still 
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DAYS OF MENSTRUAL CYCLE 


Fig. 2. Endometrial blood flow (ml/100 gm/min) measured using “Xe clearance in women with 
ovulatory and anovulatory dysfunctional uterine bleeding. Data for women with ovulatory dys- 
functional uterine bleeding have been adjusted to fit into an idealized 28-day menstrual cycle. 
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Fig. 3. Comparison of endometrial blood flow with plasma 
levels of estradiol in women with normal cycles and ovulatory 
or anovulatory dysfunctional uterine bleeding. Only follicular 
phase measurements (plasma progesterone level of <1 ng/ml) 
have been included. 


relatively high (27:5 and 25.0 ml/100 gm/min) in two 
subjects who were experiencing premenstrual spotting 
and who began bleeding heavily within 3 to 4 hours. 


Twn nrevions studies have nravided evidence af the 


occurrence of cyclical changes in endometrial blood 
flow during the menstrual cycle. Markee’ studied en- 
dometrial autotransplants in the anterior chamber of 
the eye of rhesus monkeys and measured blood flow 
by a stroboscopic. technique that assessed the speed of 
movement of red cells through stromal capillaries in 
millimeters per second. Prill and Götzë used a heat 
clearance probe technique to study cyclical changes in 
human endometrial blood flow in 10-‘cal-cm™@'- 
sec”! + °c}, although this type of technique cannot be 
exactly recalibrated from. one day to the next. It is also 
pertinent to note that an intrauterine probe may cause 
artificial changes in local blood flow. A comparison of 
the pattern of cyclical changes demonstrated by these 
two groups of investigaters with the present ‘Xe study 
is shown in Fig: 4. All scudies showed a preovulatory 
peak with a postovulatory fall and. a secondary rise in 
the luteal phase, although clear differences are also 
apparent. The '*Xe clearance technique demonstrated 
a much more marked periovulatory fall in endometrial 
flow with a very slow rise in the luteal phase. With the 
heat clearance technique a slow premenstrual rise in 
flow was also seen and this continued until days 2 to 3 
of menstruation, In the rhesus monkeys a marked pre- 
menstrual fall in flow was seen. Much of our current 


understanding of the morphology of menstruating en- 
dametrium is hased an the rhesus monkev studies af 
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Fig. 4. Comparison of endometrial blood flow at different stages of the menstrual cycle measured 
by "Xe clearance in normal women (ml/100 gm/min) and compared with the data of Markee’ in 
rhesus monkeys (mm/sec; dotted line) and Prill and Götz’ using a heat clearance technique in women 


(10~4cal - cm”! + sec™! < °C™!; continuous line). 


Markee,’ especially with respect to the occurrence of 
dramatic vasoconstriction in the endometrium just be- 
fore and at the onset of bleeding. Our study and that 
of Prill and Götz? suggest that this may not occur, at 
least to the same extent in humans, in which case the 
local coagulation mechanisms studied by Christiaens 
et al.“ may play a more dominant role in the mainte- 
nance of hemostasis in the human uterus. Nevertheless, 
in pathologic conditions such as spasmodic dysmen- 
orrhea other factors such as excessive uterine contrac- 
tions may produce substantial falls in endometrial 
blood flow during menstruation.’ There is also some 
histologic evidence that arteriolar vasoconstriction may 
sometimes occur in human late luteal phase endo- 
metrium. 

Only one previous investigation has reported abso- 
lute flow measurements in human endometrium.’ This 
study used a different technique of clearance analysis 
which may not always be appropriate for uterine blood 
flow studies.*> However, this study does report the first 
measurements of absolute flow in human endome- 
trium, and although the mean level (17.8 ml/100 gm/ 
min; range, 13.5 to 29.0) is lower than the present study 
(27.7 ml/100 gm/min); range, 9.1 to 68.1), the range 
overlaps greatly. It is of interest that all the '*Xe studies 
of blood flow in human (nonpregnant) myometrium 
are in the same range of 3 to 40 ml/100 gm/min. This 
is very similar to the range of measurements of en- 
dometrial flow, although it has been demonstrated in 
sheep that endometrial and myometrial flow may show 
large independent variations. Myometrial blood flow 
in pregnancy is very much higher (77 + 2.5 ml/100 
gm/min; mean + SEM). 

Many aspects of endometrial function are poorly un- 
derstood, and this applies particularly to endometrial 
blood flow. Blood flow is clearly important for nour- 
ishment of the endometrium and may vary greatly at 
different levels in the tissue and under the influence 
of different hormones. There is a need for a more 
systematic assessment of serial change in individual 


wnamen of chances during the crvcle and af chances in 


different hormonal states (for example, during exog- 
enous hormonal treatment) as well as for a comparison 
with methods that describe different aspects of endo- 
metrial blood flow such as heat clearance” and krypton 
85 clearance (Fraser IS, McCarron G, Hutton BF, Ma- 
cey D. An evaluation of two inert gas clearance tech- 
niques for measurement of endometrial blood flow in 
women. Unpublished observations). This Xe method 
is the only approach that could be used at present to 
assess the effect of hormones and other substances such 
as prostaglandins, prostaglandin inhibitors, catechol- 
amines, histamines, angiotensin, and various other 
drugs on absolute changes in endometrial blood flow. 
Any or all of these may have implications for variations 
in blood loss at the onset of menstruation. Modern 
computer analysis techniques could be developed to 
provide more precise information about all these 
changes and a better knowledge of this poorly under- 
stood aspect of endometrial physiology and patho- 
physiology. It seems unlikely that techniques of this 
type will offer any early prospect of aiding or improving 
the precision of clinical diagnosis or management. 
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Routine hepatitis screening in adolescent pregnancies: Is it 


cost effective? 


Ann M. Wetzel, M.D., and Donna S. Kirz, M.D. 
Chicago, Illinois 


In most obstetric centers routine serum screening for hepatitis B is not part of standard prenatal care. This 
study was designed to determine whether hepatitis B screening is cost effective for routine prenatal 
testing. In a prenatal population of 585 adolescents the cost-benefit ratio of hepatitis B screening was 
compared with that of routine syphilis screening. Eight positive results were detected, with a cost of $1755 
per positive case. This compared favorably with the frequency and cost of detection of syphilis in the same 
population. Routine hepatitis B screening is recommended for consideration in similar prenatal populations. 


(Am J Osster GYNECOL 1987;156:166-9.) 


Key words: Hepatitis, adolescents, pregnancy, cost-effective screening 


During the past several decades, the development 
and widespread use of hepatitis B screening have in- 
creased an awareness of this serious disease. Programs 
have been initiated to screen al] blood donors and thus 
prevent the spread of hepatitis B by blood transfusion. 
Another major route of transmission of the disease is 
vertical transmission from mother to infant in the peri- 
natal period. In the United States this route has not yet 
received as much attention and investigation as has 
transmission by blood transfusion. 

In some countries in Asia, hepatitis B is a major ma- 
ternal health problem. As much as 10% of the popu- 
lation may be carriers.' Therefore screening for hep- 
atitis B is part of routine prenatal care. In the United 
States, hepatitis B screening is routine for prenatal pa- 
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tients of Chinese and Southeast Asian extraction. 
Among other racial groups, guidelines are much les 
clear. Whether the disease is sufficiently common t 
justify routine prenatal screening has not yet been in 
vestigated. 

This study was designed to answer that question. Ii 
an adolescent prenatal population we determined th 
incidence of hepatitis B and compared the cost of hep 
atitis B screening with that of the universally acceptec 
routine VDRL screening. 


Material and methods 


Rush-Presbyterian-St. Luke’s Medical Center is : 
large private university hospital located on Chicago’ 
West Side. There is a delivery service of approximatel 
3200 women. To care for the health needs of pregnan 
adolescents, the Adolescent Family Center was estab 
lished. The Adolescent Family Center patients are pre 
dominantly inner-city, black, poor, and mostly on publi 
aid. Care is provided by a team of nurse-midwives 


= social workers, and a nutritionist, with supervision o 


staff obstetricians. 
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Table I. Demographics of study groups 







Age (yr) Gravidity Parity 
Group 


Total 16.20 140 145 0.68 0.31 0.53 
Group i 16.25 1.39 143 0.68 0.29 0.53 
Group2 J6.11 143 147 0.69 0.34 90.53 


1 min Apgar 
A bortuses Birth weight (gm) score 
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5 min Apgar 
score 


SD 


0.38 3074.37 538.36 7.70 1.87 862 1.24 
0.39 3043.96 510.22 7.74 185 866 1.21 
0.37 3124.19 579.28 7.65 192 854 1.28 


Group 1: Patients presenting before 1983, screened with hepatitis B surface antigen alone. Group 2: Patients presenting after 


1983, who underwent full serologic screening. 


From 1981 to mid-1983, a hepatitis B surface antigen 
test was obtained for all patients initiating care at the 
Adolescent Family Center clinic. Because of the num- 
ber of positive results obtained, it was decided to study 
hepatitis B in this population in greater depth. Ac- 
cordingly, from late 1983 until February 1935 all pa- 
tients were screened at the first visit with a hepatitis 
profile consisting of at least a hepatitis B surface antigen 
and a hepatitis B surface antibody. Additionally, since 
the beginning of 1984, hepatitis B e antigen and hep- 
atitis B e antibody have also been evaluated. 

Tests were performed either by Mason-Barron Lab- 
oratories or the laboratory of Rush-Presbyterian-St. 
Luke’s Medical Center. Hepatitis B surface antigen was 
determined by an enzyme-linked immunosorbent assay 
or radioimmunoassay. Other antigen and antibody tests 
were performed by radioimmunoassay at Rush-Pres- 
byterian-St. Luke’s. All patients also had a rapid plasma 
reagin test performed at the initial prenatal visit. If this 
was positive, a fluorescent treponemal antibody ab- 
sorption test was performed to confirm syphilis infec- 
tion. A rapid plasma reagin test was also routinely done 
at 32 weeks and on admission to the hospital for de- 
livery. 

Any positive results obtained were reviewed by the 
attending obstetricians supervising the clinic and ap- 
propriate treatment was initiated. In the case of positive 
hepatitis B surface antigen results the nursery was in- 
formed so that treatment of the infant could be carried 
out. 

The data obtained were analyzed by determining the 
incidence of positivity for both hepatitis and syphilis. 
The cost of tests was established by the laboratory 
at Rush-Presbyterian-St. Luke’s Medical Center. Sub- 
groups were analyzed by x? analysis to examine the 
significance of presumed risk factors. 


Results 


Data were obtained for 585 patients. Of these, 361 
presented before mid-1983 and composed the first 
group. The remaining 224 had the more complete hep- 
atitis profile performed, including hepatitis B e antigen 
and hepatitis B e antibody (group 2). 

The age range was 12 to 19 years; 35% were between 


Table II. Hepatitis profile and rapid plasma 
reagin test results in group 2 





Positive results 





Percentage 
Hepatitis B surface antigen 3 1.339 
Hepatitis B surface 18 8.072 
antibody . 
Hepatitis B e antigen 2 1.005 
Hepatitis B e antibody 8 3.980 
Rapid plasma reagin J 0.450 


15 and 18. The mean and SD of age, gravidity, parity, 
and pregnancy outcome, as represented by fetal weight 
and Apgar scores, are given in Table I. It can be seen 
that the two groups differed very little. The population 
was overwhelmingly unmarried. Of those who gave a 
marital status 95.5% were unmarried. There were 94% 
black, 2% Caucasian, and 4% Hispanic women. These 
percentages were essentially the same in both groups. 

Out of the entire population eight patients were 
found to have positive hepatitis B surface antigen titers. 
This was an incidence of 1.37%. The cost of a hepati- 
us B surface antigen titer at the laboratory performing 
these tests is $24 per patient. In this population, there- 
fore, the cost to detect each case was $1755. 

In comparison, a positive rapid plasma reagin test 
result was found in six patients, for an. incidence of 
1.03%. One of these was felt to be a biologic false pos- 
“tive test result, due to intercurrent chickenpox. As the 
cost of a rapid plasma reagin test was only $10.50, the 
cost to detect each positive result was $1023.75. How- 
ever, if only the true cases of syphilis are counted, the 
cost was $1228.50. According to standard protocol, the 
rapid plasma reagin test was also obtained at approx- 
imately 32 weeks’ gestation and at delivery. As no new 
cases were detected at these times, the total cost for 
each case of syphilis detected reached $3685.50. 

In the group that had a complete hepatitis profile, 
three positive hepatitis B surface antigen titers were 
found in 224 patients (see Table II). The incidence is 
thus very similar to that of the overall group, 1.34%. 
However, as a complete screen costs $80, the cost of 
detecting each case was $5973.33. Eighteen ‘patients 
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were found to have hepatitis B surface antibody pres- 
ent, indicating past hepatitis infection and subsequent 
immunity. Thus 2] patients either had- hepatitis B at 
that time or had been exposed to it in the past, for an 
incidence of 9.4%. The presence of the e antigen was 
also evaluated in this group. Predictably no patient who 
did not also have positive results for hepatitis B surface 
antigen showed the presence of e antigen. Of the three 
patients with positive results for hepatitis B surface an- 
tigen, two demonstrated e antigen. The third patient 
had antibody to the e antigen. 

Of the eight cases of hepatitis B detected by routine 
screening tests, no patients had clinical jaundice or 
other symptoms suggestive of the diagnosis. One pa- 
tient gave a history of previcus diagnosis as a chronic 
carrier of hepatitis B. The other seven patients denied 
any history of hepatitis B exposure. 

In the entire population of 585, nine patients gave 
a history of hepatitis. One of those, as mentioned above, 
was a chronic carrier. Four of the others stated that 
they had hepatitis B, while the remaining four were 
unsure. Six of these eight had complete serologic 
screening. Only two of these patients had serologic ev- 
idence of having had hepatitis B in the past. Interest- 
ingly, two of the patients with negative screens insisted 
that they had previously had hepatitis B. 

Analysis of risk factors. Several of the known risk 
factors related to increased incidence of hepatitis B 
were also examined. None of the patients in the clinic 
admitted to intravenous drug abuse, so this risk factor 
could not be analyzed. Relatively few patients fell into 
each of the other risk categories. Eighteen patients had 
a history of blood transfusian, but none of the trans- 
fused patients were found to be infectious. Of the six 
who had hepatitis B testing done, one had hepatitis in 
the past as demonstrated by the presence of hepati- 
tis B surface antibody. The incidence of hepatitis B in 
the transfused group was not significantly increased by 
x’ analysis. 

Six patients had tattoos noted on physical examina- 
tion. None of these had active hepatitis B; however, 
three of the six had serologic evidence of hepatitis B 
in the past. Of the six tattooed patients in the first 
group, one had active hepatitis. The increased inci- 
dence of past or present hepatitis B in the group 2 
patients was statistically significant by x’ analysis, with 
a value of 11.98, p < 0.01. Analysis was not valid for 
group 1 because of the small incidence of both active 
hepatitis and tattoos. . 

Ten patients lived in institutional settings. None of 
them had active hepatitis; however, three of the patients 
had evidence of hepatitis B in the past. The x? analysis 
showed this to be a highly significant difference, with 
a value of 15.4 (p < 0.001). 

Patients who gave a history of either syphilis, gon- 
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vestigated. A total of 92 patients gave such historie: 
Three of these patients had active hepatitis B, and fou 
had evidence of past infection. In the entire populatio 
with a past history of sexually transmitted diseases, th 
incidence of active hepatitis B was slightly mncreasec 
This increase was not statistically significant. 


Comment 


How serious a problem is hepatitis B in pregnancy 
A mother infected in the third trimester of pregnanc 
or who is a chronic carrier with a positive e antigen ha 
approximately a 90% chance of infecting her newbor 
infant.” Although transplacental infection does occu 
existing information appears to indicate that this is 
rare occurrence. It develops in about 5% of cases." 
Most infections occur during birth or during the tur 
mediate postpartum per.od. Although exposure to mz 
ternal blood and secretions is thought to be the rout 
of infection, cesarean section does not decrease the ris 
of infection.* Hepatitis B virus is also present in breas 
milk, although opinion is divided as to whether this i 
a significant route of infection.'’ 

Mothers who are chronic carriers have less of a ris 
of passing hepatitis B on to their infants compared wit 
those with acute hepatitis B. Variation in infectivity : 
related to the percentage of chronic carriers who hav 
e antigenemia. This varies from 10% to 71% of carrier 
but in general is higher in younger carriers, that is, th 
childbearing age group.*” If the mother has e antige 
nemia, the chance that her child will be infected is abou 
90%; if she has e antibody, it is <10%.° Most of th 
infants infected at birth do not develop acute hepatitis 
Those rare infants that co so may die of fulminant live 
failure. Of the infants in-ected, 80% to 90% will becom 
chronic carriers.” Thus perinatal infection increases th 
pool of chronic carriers who will continue to expos 
others to hepatitis B during their entire lifetimes. 

Although chronic carriers may have no obvious il] 
ness, they do not escape the effects of the hepatitis ] 
virus. Studies indicate a higher incidence of chroni 
liver disease, including cirrhosis and liver failure, i 
hepatitis B carriers.’ Some evidence also suggests tha 
they are at increased risk for hepatocellular carcinoma. 
Thus these babies not only pose an immediate and con 
tinuing risk to others but may have an appreciabl 
shortened life span themselves. 

Undetected cases of hepatitis B in prenatal: patient 
also pose danger to hospital personnel. Because of th 
nature of labor and delivery, nurses and physicians ma 
have extensive exposure to blood and bodily secretion 
of a patient. Even roommates, who would not ordinaril 
be in danger of contracting hepatitis from a fellow pz 
tient, may be exposed via the shared bathroom in 
patient whose lochia is infectious. 

. Increasing concern for cost-effectiveness has mad 
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out documentation of their yield. This approach has 
its difficulties, however, in that a value cannot be as- 
signed to human life. Hepatitis contracted in the neo- 
natal period clearly can shorten life span, even if the 
infant does not experience an acute episode of hepa- 
titis. What value can we place on the lives of these 
infants? 

One approach is to compare routine hepatitis screen- 
ing with an already accepted and widely used screening 
test. If we are willing to spend nearly $4000 to detect 
each case of syphilis, perhaps less than $2000 is rea- 
sonable for each hepatitis case detected. 

it must be noted that other methods of disease de- 
tection would be relatively ineffective in diagnosing 
these cases of hepatitis. Traditionally, the history and 
physical examination are the basic screening tests for 
underlying diseases. None of the eight patients with 
positive hepatitis test results in this study would have 
been detected by physical.examination and only one by 
history. The lack of specificity of history is additionally 
demonstrated by the finding that only one of nine pa- 
tients giving a history of hepatitis was infectious. Nor 
can the lack of symptoms in these patients be attributed 
to chance; previous studies have shown that up to 60% 
of cases of hepatitis B are asymptomatic.” This is con- 
firmed in the present study as well. Six patients gave a 
history of hepatitis, and only two of these had evidence 
of having had hepatitis B, for an incidence of 0.89%. 
Serologic testing of the general population, however, 
demonstrated a true incidence of 9.4%. This would 
indicate that only 10% of the patients who had hepati- 
tis B were previously diagnosed as such. 

Factors that are known to increase the risk of hepati- 
tis B infection include intravenous drug abuse, tattoos, 
and blood transfusion.° In addition, because of the pos- 
sibility of sexual transmission, patients with a history of 
other sexually transmitted diseases may be at increased 
risk.!° Institutionalized people, whether in prison or in 
homes for the retarded, also have a greater risk of 
hepatitis B." One possible approach to the problem of 
detecting the most cases of hepatitis B at the lowest cost 
would be to target these groups for more intensive 
screening. In this sample, selecting subgroups at higher 
risk to tes: also would have been ineffective. Part of 
this failure was due to the small number of positive 
cases, which made statistical analysis impossible in some 
of the subgroups. However, even with these small num- 
bers, the presence of tattoos and institutional living 
were clearly linked with exposure to hepatitis: Patients 
with a history of sexually transmitted diseases also had 
increased risk. Identification of these subgroups did not 
help to detect infectious patients and thus detect infants 
at risk. The patients with the risk factors were more 
likely to have had hepatitis B in the past rather than to 
have active hepatitis. The fact that risks did not seem 
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to be increased in the population that had received 


transfusions may be due to the young age of the pop- 


ulation. They would have been transfused after wide- 
spread screening of blood donors for hepatitis B was 
initiated in this country, markedly reducing the risk for 
contracting this type of hepatitis from banked blood. 

_ Screening for hepatitis B in this entire population 
therefore would seem to be the only way.to detect the 
majority of active cases during pregnancy. While the 
full hepatitis screen performed in the second group in 
our study gave added insight into the problem in a 
study situation, itis clearly not necessary in clinical prac- 
tice. A single hepatitis B surface antigen value, pref- 
erably obtained in the third trimester, would seem to 
be of value in the management of patients of this pop- 
ulation. A test done at this time had less.chance of 
missing a case of hepatitis contracted late in pregnancy, 
and if a positive test result for hepatitis B surface an- 
tigen is found it is likely to persist to term. In cases of 
positive results, further screening may be done to clar- 
ify e antigen status and attempt to differentiate chronic 
carriers from those having acute episodes of hepatitis. 

This recommendation can be generalized to include 
similar patient populations: inner-city, adolescent, pre- 
dominantly black, low socioeconomic class. Generaliza- 
tion to populations of different socioeconomic class or 
living situation cannot be justified at this time. Inves- 
tigation of these populations might be indicated in the 
future to further define this problem. 
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Cardiac output response to prostaglandin E,—induced abortion 


in the second trimester 


Donald C. Willis, M.D., Donald Caton, M.D., J. Patrick Levelle, M.D., and 


Tina Banner, R.N. 
Gainesville, Florida 


Maternal cardiac output changes were evaluated in 10 patients undergoing second-trimester. abortion 
induced by prostaglandin E, suppositories. The peak cardiac output. increased by an average of 64. 5% 
above preinduction values. This is similar to the percent increase described during oxytocin-induced labor 
at term. Inasmuch as resting cardiac output tends to be higher in midpregnancy than at term, aksolute, 
values during prostaglandin E, induction were higher than those observed in labo-ing term patients. (Am J 


Osstet GYNECOL 1987;156:170-3.) 


Key words: Prostaglandin E., prostaglandin, cardiac output, elective abortion, labor, 
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Prostaglandin E, from vaginal suppositories, effec- 
tive for use in second-trimester abortion, is known to 
be absorbed systemically.' Whether the absorbed drug 
induces cardiovascular effects in pregnancy is not 
known but is a pertinent question in view of the po- 
tential use in patients with cardiovascular disease. A 
relative contraindication for the use of prostaglandin 
suppositories in pregnancy includes women with hy- 
pertension or known cardiovascular disease.” * 

Hemodynamically, the most significant cardiovascu- 
lar alteration observed during pregnancy is the increase 
in cardiac output. In the past, cardiac output deter- 
minations in otherwise healtay pregnant women have 
been limited by the invasiveness of the procedure. Re- 
cently, Doppler determinations of cardiac output have 
been shown to correlate with the thermal dilution 
method in nonpregnant subjects (r = 0.94, 0.97, and 
0.94).*° The present study uses this noninvasive Dopp- 
ler technique to measure cardiac output response in 
prostaglandin E,~induced abortions. 


Material and methods 


- Ten women treated with prostaglandin E, vaginal 
suppositories (Prostin Es Upjohn) for midtrimester 
abortion were included in this investigation. The study 
was approved by the Institutional Review Board, and 
informed consent was required for inclusion. Gesta- 
tional age ranged from 15 to 23 weeks. Three of the 
10 abortions were for fetal death, and the others were 
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for medical indications. Patient profiles are listed in 
Table I. 

Three of 13 patients were excluded from the study. 
Patient No. 6 (Table I) was taking digoxin for Wolff- 
Parkinson-White syndrome. Patient No. 8 requested 
continuous epidural analgesia for relief of pain. This 
form of analgesia. has been shown to limit the increase 
in cardiac output observed in laboring women at term.’ 
Patient No. 9 was known to be hypertensive and was 
treated with methyldopa before induction; she re- 
quired intravenous hydralazine for blood pressure con- 
trol during the abortion. Since hydralazine can increase 
cardiac output, this patient was excluded from the 
study,’ 

Cardiac output was determined by an ultrasonic 
Doppler computer (Ultracom, Lawrence Medical Sys- 
tems, Inc.), a technique that calculates cardiac output 
by multiplying measurements of aortic blood velocity 
by aortic diameter. The smallest diameter of the as- 

cending aorta was measured by A-mode echocardiog- 
raphy. Ascending aortic blood velocity was determined 
by continuous-wave Doppler. Since the aortic root di- 
ameter does not change significantly between systole 
and diastole, cardiac output was then calculated by the 
Ultracom instrument with use of systolic velocity, cross- 
section area of the aorta (computed from aortic di- 
ameter), and heart rate. Each cardiac output was ob- 
tained by taking the average of at least three separate 
measurements obtained within a 2-minute period. 
Baseline measurements ‘vere obtained before induction 
and approximately every 90 minutes thereafter. All 
cardiac output determirations were performed by one 
of us. | 

Cardiac output was measured with patients in a 15- 
degree semirecumbent position because the left lat- 
eral position makes Doppler measurements technically 
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Fig. 1. Representative cardiac output response during prostaglandin E,—induced abortion. 


Table I. Cardiac output during prostaglandin E,—induced abortion 














Cardiac output | 
maximal response 







Duration of 


Patent induction 


l 21.6 116 16:00 
g 14.5 75 8:20 
z 20.4 88 9:25 
4 5.3 26 7:45 
5 21 93 16:40 
&* 5.8 21 16:05 
7 12.1 73 11:40 
Et 9.2 48 8:05 
Gt 13.6 89 12:00 
1G 8.6 46 18:00 
1] 8.6 46 12:30 
z 11.7 41 13:25 
Re 9.0 


4] -  , 16:40 


Total prostaglandin 











Gestation Preinduction 


E, doses fetal status 


5 | l Alive 
2 22 3 Dead 
4 23 0 Alive 
9 29 2 Dead 
5 22 0 Alive 
4 16 3 Dead 
3 17 0 Alive 
2 22 3 Alive 
3 20 2 Dead 
5 17 0 Alive 
3 23 2 Alive 
4 20 I Alive 
5 15 0 Dead 


*Wolff-Parkinson-White syndrome; patient excluded from study. 


+Continuous epidural analgesia; excluded from study. 
Chronic hypertension; éxcluded from study. 
§Fetal death occurred 3 to 4 weeks before abortion. 


more difficult to perform. A change i in badly position 
during midpregnancy (20 to 24 weeks) causes only a 
small change in cardiac output (8%),° so measure- 
ments with the patient semirecumbent were considered 
reliable. l 

In midpregnancy, prostaglandin administration is as- 
sociated more with ah increase in uterine tone than 
with more frequent rhythmic contractions.’® It was 
therefore difficult to time cardiac output determina- 
tions with uterine contractions. When it was clinically 
apparent, cardiac output was measured between con- 
tractions. 

Prostaglandin E, aa suppositories, 20 mg, were 
inserted every 3 to 4 hours. Analgesia was provided 
with a combination of promethazine, 95 mg, and either 


- intravenous meperidine hydrochloride, 25 to 50 mg, 


or butorphanol (Stadol, Bristol Laboratories), 1-2 mg. 
Patient No. 8, hot included in this study (Table I), re- 
ceived continuous epidural analgesia. 

Data weré analyzed by use of paired or ufpaired t 
test and by calculating Pearson correlation coefficients 
with the Systat statistical program (Systat, Inc.) on a 
Dec Rainbow computer. 


Results 


In this investigation, rd output increased in 
every patient during prostaglandin E, induction. The 
average preinduction catdiac output was 7. 8 + 2.2 
L /min (mean + SD). These values did not differ sta- 
tistically from cardiac output measured with the same 
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Table II. Hemodynamic values — 
during prostaglandin E,-induced 
second-trimester abortion 





Cardiac output (L/min) 


Preinduction 1122 4.2-10.9 
Maximal response - 13.3 + 5.6* 5.3-21.6 
Cardiac index (L/min)/m? l a 
Preinduction 44+12 2.5-6.5, 
Maximal response 7.5 £ 2.9* $.1-12.2 
Stroke volume’ (ml) : : a 
Preinduction © ` 96.8 + 30.8 53-148 
- At maximal cardiac output 119.1 + 43.7* 60-189 


Pulse rate (bpm) _ 
Preinduttion - 62.5 2 11.5 56-99 


At maximal cardiac output 117.6 £15.6* 98-156 
Blood pressure (mm Hg) 

Preinduction 
Systolic 108 + 12.5 92-130 
Diastolic 67.5 + 5.9 58-78 

At maximal cardiac output 
Systolic 111.1 + 18.9 96-149 
Diastolic = — =- 62.8+9.6 50-80 


*P < 0.05 compared with preinduction values. 


technique, as part of another study, in 17 women. be- 
tween 17 to 23 weeks’ gestation (p > 0.01)." 

The maximum cardiac output achieved during in- 

duction was 13.3-+ 5.6, L/min. The average increase in 
cardiac output was 5.5 L/min, or 64.5% above pre- 
induction values. There was considerable variation 
among patients. The increase in cardiac output was 
accompanied by ` an increase in both heart rate and 
stroke volume. Preinduction cardiac output, cardiac in- 
dex, | heart rate, and stroke volume increased oun 
cantly during treatment (p < 0.01) (Table ID). 
'. The time that peak cardiac output is, sustained is 
important. -However, this is difficult. to describe or 
quantitate because of the-variable length for inductions. 
Generally, cardiac output increased soon after prosta- 
glandin E, indúction began. Cardiac output continued 
to increase during induction with peak values obtained 
just before delivery. Representative cardiac output re- 
sponses are depicted in Fig. 1. 

The change in cardiac output was not ‘related to 
length of gestation, parity, duration of induction, or 
total dose of prostaglandin E, (Table I). However, pa- 
tients with higher preinduction cardiac output showed 
a significantly greater increase during induction (r = 
0.684, p < 0.05). The mean cardiac output was not sta- 
tistically different in cases of abortion for fetal death 
in utero compared to those for other indications. 

No cardiovascular morbidity occurred among pa- 
tients in this study. 


Comment 


The percent increase in cardiac output found in this 
study is similar to that described for labor at term." 
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However, the absolute cardiac output in L/min i 
greater bécause cardiac output is higher during mid 
pregnancy than at term.? Cardiac output has been re 
ported to rise 2.5 L/min during the second stage o! 
labor at term.’ In the present study the cardiac outpu' 
increased by an average of 5.5 L/min. The magnitude 
of cardiac output increase during prostaglandin E; ter 
mination would appear to be of clinical significance ir 
patients with known cardiovascular disease or limitec 
cardiac reserve. 

In the classic studies on cardiac output of Uelanc 

and Hansen" which used a dye dilution technique, they 
reported a range of 3.3 to 13.0 L/min/hr for womer 
at term before induction of labor. Our preinductior 
values showed less range (4.2 to 10.9 L/rhin/hr). How 
ever, during active labor we did see a considerable vari 
ation among patients. This could reflect individual pa 
tient response to labor, prostaglandin, hormonal milier 
associated with fetal death, administered analgesics 
and/or résponse to paih. 

Narcotic analgesics and sedatives have no consisten! 
affect on cardiac output.” During labor, response tc 
pain cari increase cardiac output.” However, it woulc 
be unethical to perform an abortion without providing 
adequate analgesics consistent with each patient’s re 
quest. We feel-that the analgesics used reflect the clinica 
situation under which abortion is performed. 

It is beyond the scope of this study to determine 
whether prostaglandin. E, has a direct effect on the 
maternal-cardiovascular system contributing to the sig 
nificant i increase in cardiac output observed. There i I 
some information that suggests this possibility; since ir 
nonpregnant individuals, prostaglandin E, is a knowr 
potent vasodilator resulting in a lowering of blood pres 
sure, increase in heart rate, and cardiac output." 

Although the mean Cardiac output increase was les: 
among patients undergo: ng pregnancy termination for 
fetal death in utero (3.6 + 2.6 L/min) versus viable fe 
tus (6.0 + + 3.6 L/min), statistical significance was no’ 
reached (p = 0.2376). This may reflect the small num. 
ber of patients with intrauterine fetal death and the 
wide range of cardiac output response. Further stud} 
would be needed to resclve this issue. 
< Whether other methods used to induce labor for sec 
ond-trimester abortion cause similar increases in car 
diac output is unknown We studied one patient, no: 
included in this investigation, who underwent abortior 
by use of intra-amniotic urea. Cardiac output increasec 
2.8 L/min, or 50% above preinduction values. 

With patients known or suspected to have cardio 
vascular. disease, the increase of cardiac output tha 
occurs during induction of labor for second-trimeste: 
abortion should be considered. Surgical dilatation anc 
evacuation could be considered, since this method ma‘ 
impose less cardiovascular alterations. 
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Prostaglandin E, release on the fetal and maternal sides of the 
amnion and chorion-decidua before and after term labor 
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Ramesh B. Ghodgaonkar, B.Pharm. 
Winnipeg, Manitoba, Canada, and Baltimore, Maryland 


Release of prostaglandin E, on each of the fetal and maternal sides of the fetal membranes (8 cm*) from 
term cesarean (no labor) and spontaneous vaginal (labor) deliveries was studied with the use of 
dual-compartment perfusion chambers. Postlabor amnion released significantly (p < 0.05) more total 
prostaglandin E, (5.66 + 1.02 ng, mean + SEM) than prelabor tissue (3.34 + 1.76 ng) with equivalent 
prostaglandin E, levels being released on both sides. A net decrease (p < 0.001) in prostaglandin E, 
release by chorion-decidua was identified after labor (fetal = 0.12 + 0.05 ng; maternal = 0.17 + 0.09 ng) 
when compared with that before labor (fetal = 1.28 + 0.69 ng; méternal = 2.31 + 0.56 ng). 
Amnion-chorion-decidua released more prostaglandin E, on the fetal side after labor (2.37 + 1.43 ng) than 
prior to labor (1.49 + 0.60 ng); however, prostaglandin E, on the maternal side was significantly less 

(p < 0.05) after labor (0.24 + 0.12 ng) when compared with that of the prelabor membrane (2.03 + 1.08 
ng). Elution of prostaglandin E, from preincubated membranes anc endogenous membrane 

prostaglandin E, content showed similar results. Thus concentrations of prostaglandin E, on the maternal 
side of the fetal membranes appear diminished after spontaneous labor despite an increased release from 


the fetal surface. (AM J OBSTET GYNECOL 1987;156:173-8.) 


Key words: Prostaglandin E,, fetal membrane sides, labor 
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Production of prostaglandins by fetal membranes, 
including amnion and chorion, as well as accumulated 
prostaglandins in the amniotic fluid may be associated 
with the initiation and/or maintenance of human labor. 
Cervical dilatation and induction of labor occur after 
cervical exposure to or infusion of amniotic fluid with 
prostaglandin E, (PGE,) and Faa (PGF). ° Proposed 
sources of amniotic Huid prostaglandins include the 
fetal membranes and fetal kidney since PGE, and PGF,, 
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Table I. Release of PGE, by term fetal 
membranes 





Net PGE, (ng) (mean + SEM) 


No labor 
(cesarean section) | (vaginal delivery) 








Membrane type* 
Amnion 3.49 + 0.81 7.04 + 1.91 
Chorion-decidua 2.00 + 0.69 0.76 + 0.27 
Amnion-chorion with 2.38 + 0.45 1.75 + 0.53 
decidua 
Amnion/chorion- 1.85 + 0.50 — 
deciduat 





Mean + SEM net PGE, released by term fetal membranes 
of standardized surface area of 8 cm’ into 18 ml of medium 
during 2 hours of preincubation at 20° C. 


*n = B for each value. 


tAmnion separated from chorion-decidua and then 
replaced. 


production by amniotic cells and concentrations in fetal 
urine increase significantly between the onset of labor 
and parturition.** Furthermore, both placenta and de- 
cidualized endometrium are production sites of pros- 
taglandins.”*® The findings of increased fetal membrane 
production and amniotic fluid concentrations of pros- 
taglandins have led to speculation that the availability 
of prostanoid hormones to the myometrium increases 
about the time of onset of labor.” Thus the amount of 
prostaglandin released on the maternal side of the ges- 
tational sac would necessarily increase with the onset 
of labor. 

The present study tested the hypothesis that during 
the course of labor PGE, release by fetal membranes 
favors an increased availability of this prostaglandin to 
the myometrium. Furthermore, the effect of mem- 
brane dissociation of amnion from chorion-decidua on 
the release of PGE, was also tested since alterations in 


membrane transport and physiologic properties occur ` 


under those conditions.” To facilitate this study PGE, 
release was equated to a constant surface area of fetal 
membrane maintained in dual-compartment perfu- 
sion chamber systems designed to simulate in vivo con- 
ditions. 


Material and methods 


Reflected fetal membranes consisting of amnion, 
chorion-decidua, amnion-chorion with adherent de- 
cidua, and amnion mechanically separated from 
chorion-decidua and subsequently replaced in contact 
were used in these experiments. The membranes were 
obtained from four normal repeat term cesarean sec- 
tions, without labor, between 38 and 39 weeks’ gesta- 
tion, and from four normal pregnancies delivered vag- 
inally after spontaneous labor and parturition between 
39 and 41 weeks’ gestation. From each afterbirth the 
reflected membranes were cut free distal to the placenta 
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and washed in cold phosphate-buffered saline, at pH 
7.4, to remove residual blood. Disks (8 cm?) of either 
amnion, chorion-decidua, amnion-chorion with adher- 
ent decidua, or, in the case of cesarean deliveries, am- 
nion separated from chorion-decidua and then re- 
placed were cut and mounted onto circular 22-mesh 
stainless steel screens as described previously.’ Re- 
spective membrane types from each pregnancy were 
prepared in duplicate and mounted in dual-compart- 
ment perfusion chambers, such that each hemichamber 
enclosed either the fetal or the maternal membrane 
side. The membranes were checked for leakage first by 
addition of 9 ml of synthetic amniotic fluid at pH 7.4 
to the fetal chamber and observation of the maternal 
chamber for 10 minutes. The synthetic amniotic fluid 
was used as an incubaticn medium because of its su- 
perior qualities in maintaining membrane viability 
and metabolism in vitro.” After confirmation of a 
leak-free preparation, the maternal chamber was filled 
to 9 mi with synthetic amniotic fluid. The membranes 
were preincubated for 2 hours at room temperature 
(20° C) with a change of synthetic amniotic fluid at 
l and 2 hours, respectively. After each time period, a 
0.5 ml sample of synthetic amniotic fluid was removed 
from each hemichamber, pooled, and quick-frozen in 
acetone—dry ice (—70° C). After preincubation the 
chambers were placed in a water bath at 37° C and the 
temperature of the perfusion chambers was allowed to 
equilibrate for 15 minutes. 

After equilibration a 0.5 ml aliquot of fluid was re- 
moved from each hemichamber at 0 hours and again 
at 2 and 4 hours. During incubation, chamber fluids 
were aerated with a continuous circulation of humid- 
ified filtered air delivered via a 22-gauge needle. After 
sampling, the chamber Huids were replenished with 
synthetic amniotic fluid to maintain a constant volume 
of 9 ml on each side. 

At the end of each experiment all membranes were 
blotted, weighed, and fixed in neutral buffered for- 
malin for histologic evaluation of viability. Paraffin sec- 
tions were stained with 1% toluidine blue. 

Reflected samples of chorion-decidua from an ad- 
ditional five cesarean deliveries and five vaginal deliv- 
eries were each homogenized in 1:1 (w/v) synthetic 
amniotic fluid, pooled, and centrifuged at 5000 x g for 
30 minutes at:4° C. The supernatants were collected 
and again centrifuged for 30 minutes. Supernatants 
were then diluted 1:8 in synthetic amniotic fluid and 
evaluated for PGE, content in each of the cesarean and 
vaginal chorion-decidua pools. 

Radioimmunoassay of PGE, was performed accord- 
ing to the method of Dubin et al.”” with the use of rabbit 
anti-PGE, antibody produced by antigen coupling to 
bovine serum albumin. Samples of synthetic amniotic 
fluid containing antisera were incubated overnight at 
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Table II. Results of statistical analysis 





Mode of delivery 


Amnion 4.29 0.18 NS 0.24 NS 
Chorion-decidua 37.91 <0.001 1.92 NS 0.30 NS 
Amnion-chorion with deciduz 2.64 0.28 NS 4,22 <0.05 
Amnion/chorion-deciduat —_ 9.02 <0.01 — amm 
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Membrane side 


Labor 
(vaginal delivery) 


No labor 
(cesarean section) 


Summary of multiple analysis of variance of term fetal membrane PGE, released during a period of time according to mode 
of delivery (cesarean section without labor versus spontaneous labor and vaginal delivery) and membrane side (fetal versus 


maternal). 
*F Values at 1 to 48 degrees of freedom. 
Probability: NS = Not significant. 


Amnion separated from chorion-decidua and then replaced. 


4° C along with the appropriate tracer. Separation 
of bound from free antigen was accomplished with 
dextran-coated charcoal. The limit of detection of PGE, 
was 12 pg/ml with intra-assay and interassay coefficients 
of variation of <10% and 15%, respectively. PGE, val- 
ues from membrane incubates were converted to total 
PGE, released on each of the fetal and maternal sides; 
that is, radioimmunoassay PGE, values in picograms 
per milliliter x 9 ml of medium on each side equals 
PGE, released by 8 cm? of membrane into the fetal or 
maternal hemichamber. Thus the results reflect total 
PGE, release by a standard membrane surface area 
common to each experiment. All radioimmunoassay 
results were analyzed by multiple analysis of variance 
to test the treatment effects of type of membrane, mem- 
brane side, mode of delivery, and incubation time, Mul- 
tiple two-tailed ¢ tests and analysis of correlation were 
also used for testing specific variables. 


Results 


During preincubation at 20° C, PGE, eluted from all 
membrane types (Table I) with the highest levels orig- 
inating from amnion obtained from vaginal deliveries. 
The lowest concentrations of PGE, were eluted from 
chorion-decidua from vaginal deliveries. The profiles 
of PGE, release in nanograms per hemichamber during 
4 hours of incubation at 37° C for each membrane type 
from the two modes of delivery are presented in Figs. 
I to 4. Statistical analysis identified significant differ- 
ences in PGE, release by the various membrane types, 
according to side and mode of delivery (Table II). In 
the case of amnion, significantly higher PGE, levels 
were released during a period of ume by vaginal mem- 
branes than by cesarean membranes (Fig. 1) whereas 
chorion-decidua obtained from vaginal deliveries failed 
to produce a net increase in PGE, during a period of 
time when compared with membranes obtained from 
cesarean sections (Fig. 2). The amnion-chorion with 


adherent decidua from both cesarean and vaginal de- 
liveries released substantial PGE, (Fig. 3); however, sig- 
nificant differences in total PGE, were identified rela- 
tive to the membrane side only. Membranes from ce- 
sarean deliveries consisting of dissociated amnion and 
chorion-decidua produced a net accumulation of PGE, 
during a period of time but the concentration profiles 
relative to side differed significantly from those of in- 
tact amnion-chorion with adherent decidua also de- 
rived from cesarean deliveries (Fig. 4). Thus mechan- 
ical disruption of cellular contact between amnion and 
chorion-decidua obtained from cesarean deliveries re- 
sulted in a reduction of PGE, release into the maternal 
hemichamber. PGE, on the fetal or amniotic side, how- 
ever, remained equivalent to that of the fetal sides of 
both isolated amnion membranes and amnion-chorion 
with adherent decidua membranes from cesarean de- 
liveries. Histologic assessment of each type of mem- 
brane failed to identify changes in membrane viability 
subsequent to incubation when compared with sections 
of fresh specimens. Pooled extracts of chorion-decidua 
from cesarean deliveries contained the equivalent of 
6.5 ng of PGE, per gram of tissue whereas endogenous 
PGE, from chorion-decidua obtained after sponta- 
neous labor and vaginal delivery was almost fourfold 
less, at 1.8 ng/gm of tissue. 


Comment 


A net increase in prostaglandin production by am- 
niotic cells derived from term pregnancy without labor 
compared with pregnancy terminating with sponta- 
neous labor and parturition has been described pre- 
viously.” ®'? Studies on the production of various pros- 
taglandins by chorionic and decidual tissues, in addition 
to amnion, have led to speculation that the fetal mem- 
branes may be involved in the initiation and mainte- 
nance of labor.* '* Furthermore, intra-amniotic injec- 
tion of prostaglandins is known to induce labor in a 
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Fig. 1. PGE, release during 4 hours by 8 cm? disks of amnion 
derived from cesarean (CS) and vaginal (V) deliveries. Total 
PGE, release by V amnion was significantly greater than that 
by CS amnion; however, no significant difference between 
fetal (F) and maternal (M) PGE, concentrations exists within 
each of CS or V delivered membranes. 
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Fig. 2. Profiles of PGE, release during 4 hours by chorion- 
decidua of 8 cm* surface area from cesarean section (CS) and 
vaginal (V) deliveries. A significant difference (p < 0.001) ex- 
ists in total PGE, release by CS versus V delivered membranes 
that is associated with decreased PGE, concentrations on the 
fetal (F) and maternal (M) sides of V delivered membranes. 


number of circumstances.* Presumably, prostaglandin 
injection simulates the condition of increased amniotic 
fluid prostaglandin concentrations associated with term 
gestation. 

The present study suggests that the known increase 
in amniotic fluid PGE, concentration occurring be- 
tween the onset of labor and parturition may result in 
large part from increased amniotic productivity of 
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Fig. 3. PGE, release during 4 hours by composite 8 cm? disk 
of intact membranes consisting of amnion retained in cellula; 
contact with chorion-decidue. PGE, increases on the fetal {F 
side of vaginal (V) delivered membranes were similar to those 
of amnion, whereas PGE, on the maternal (M) side declinec 
to levels similar to those of chorion-decidua membranes fron 
cesarean section (CS) deliveries. 


PGE, during that time. The finding of equivalent con 
centrations of PGE, on fetal and maternal sides of the 
amnion implies that amniotic PGE, becomes accessible 
to the underlying chorion and possibly available foi 
transport by chorion-decidua to the myometrium 
However, the data on directional output of PGE, afte 
vaginal delivery by intact amnion-chorion with adher- 
ent decidua, while reaffirming an increase in PGE, or 
the amniotic or fetal side, clearly display a substantia 
decline in net PGE, available to the maternal side 
of the membranes. It is possible that the chorionic: 
decidual component of amnion-chorion with adherent 
decidua from vaginal delivery possesses either a low 
capacity for PGE, production and/or release or an al. 
teration in ability to rapidly metabolize amniotic PGE, 
during transport. Chorion-decidua from vaginal deliv. 
ery displayed almost no net PGE, release during a pe 
riod of time, unlike chorion-decidua from cesarean de. 
liveries. Whatever functional mechanism(s) exists to ac 
count for this observation, it is apparent that unde 
these experimental conditions the availability of PGE. 
to the maternal or myometrial side is substantially re- 
duced after spontaneous labor and delivery. Thus these 
results are contrary to the concept that PGE, produc: 
tion by reflected fetal memoranes avails increasing con- 
centrations of the prostaglandin to the myometrium 
Additional evidence in support of this view was iden. 
tified where endogenous PGE, content of chorion. 
decidua from vaginal deliveries was almost fourfold les: 
than that of tissue from cesarean delivery, suggesting 
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a net decline in PGE, on the maternal side of the mem- 
branes sametime during labor. Similarily, elution of 


PGE, from chorion-decidua during preincubation was _ 


approximately threefold less by vaginal delivery tissue 
than by cesarean delivery tissue. 

It is pessible that these results reflect a short-term 
decline in membrane PGE, production or the avail- 
ability of membrane prostaglandin precursors, such as 
arachidonic acid, “ subsequent to or during parturi- 
tion. However, this may not be the case since amniotic 
PGE, release increased at a time coincident to a de- 
crease in chorionic-decidual PGE, concentrations. Also 
composite amnion-chorion with adherent decidua 
membranes from vaginal deliveries display differential 
PGE, release similar to that on the fetal and mater- 
nal sides of isolated amnion and chorion-decidua, re- 
spectively. Alternatively, the decidual component of 
chorion-decidua may rapidly convert PGE., produced 
by amnion and chorion, to PGF,,. Therefore, PGE, 
levels on the fetal side of isolated chorion-decidua 
would be expected to remain high, but this was not the 
case. 

In those experiments where amnion and chorion- 
decidua were separated and subsequently replaced in 
contact, PGE, release by amnion without chorion- 
decidua from cesarean deliveries more closely resem- 
bled that of intact amnion-chorion with adherent de- 
cidua from membranes delivered vaginally than intact 
amnion-chorion with adherent decidua from cesarean 
deliveries. This unusual finding.may suggest that the 
trauma of labor influences chorionic-decidual PGE, re- 
lease or that an interaction between the fetal mem- 
‘branes exists relative to the regulation of PGE, pro- 
duction. Alterations in fetal membrane transport prop- 
erties have been observed under similar experimental 
conditions in that decidual prolactin transport ceases 
after dissociation of amnion from chorion-decidua.”° 

In summary, the hypothesis of this study; that- the 
availability of fetal membrane PGE, to the maternal or 
myometrial surface increases from a time before the 
onset of labor until parturition, must be rejected. The 
results suggest that endogenous chorionic-decidual 
content and release of PGE, decrease significantly 
sometime during labor. The possibility that this change 
is acute, occurring during parturition, cannot be ex- 
cluded; however, amniotic PGE, release was substan- 
tially increased after parturition. Thus the availability 
of chorionic-decidual PGE, to the myometrium may 
indeed decline during labor, suggesting that differen- 
tial metabolic changes occur in the fetal membranes 
during this time. Possibly chorionic-decidual PGE, is 
rapidly converted to some other metabolite. Finally, 
membrane trauma resulting from labor may account 
in part for the alteration in chorionic-decidual PGE, 
release since spontaneous membrane rupture and am- 
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Fig. 4. Comparison of net 4 hour release of PGE, by com- 
posite 8 cm? disks of amnion-chorion membranes with ad- 
herent decidua (ACD) from cesarean section (CS) and vaginal 
(V) deliveries and dissociated disks (A/CD) of membranes from 
CS deliveries. Although A/CD membranes came from cesarean 
sections, PGE, production was more similar to that of ACD 
from V deliveries than from CS deliveries. A significant dif- 
ference exists in PGE, concentrations on the maternal (M) side 
versus the fetal (F) side of ACD from V deliveries (p < 0.05) 
and A/CD from CS deliveries (p < 0.01). 


niotomy,'? amniotic sac distention,'® and chorioamnio- 
nitis!” are associated with the initiation of labor. 

Thus, considering the numerous variables involved 
in the physiology of labor, membrane trauma may war- 
rant further attention for study. However, some other 
event(s) is then required to initiate the process of labor, 
leaving the uterus, placenta, and fetus as possible sites 
of pertinent activity. 
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A prospective study to compare serum human placental 
lactogen and menstrual dates for determining gestational age 


Paul G. Whittaker, D.Phil., Tom Lind, M.B., B.S., and Jacqueline Y. Lawson, B.Sc. 


Newcastle upon Tyne, England 


In a group of 575 healthy pregnant women with certain menstrual dates the estimation of the length of 
gestation from maternal serum human placental lactogen concentrations has been compared wita 
gestational age calculated from the last menstrual period and ultrasonic measurements of the fetal 
biparietal diameter. In 412 of these patients labor started spontaneously, and the estimated dates of 
delivery determined by these three methods were also compared. In the range of 9 to 17 weeks of 
pregnancy, gestational age can be determined by human placental lactogen measurement to within 7 days 
(+1 SD) which compares favorably with other methods. Regarding the prediction of the expected date of 
delivery, 88% were delivered within 2 weeks of the date predicted by last menstrual period, 82% within 

2 weeks of the sonar date, and 80% by the date determined by human placental lactogen assessment. 
Prediction of delivery in a further group of 139 women with uncertain dates gave 73% within 2 weeks by 
sonar date and 69% within 2 weeks by human placental lactogen determination. We suggest human 
placental lactogen measurements should become part of routine antenatal care complementing rather than 
replacing the role of ultrasonic scanning. For those doctors and patients who wish to avoid more exposure 
to ultrasonic scanning than absolutely necessary, human placental lactogen estimates offer an a ternative 
method for assessing the length of gestation. (AM J Osster GYNECOL 1987;156:178-82.) 


Key words: Gestational age, human placental lactogen, ultrasound 


One of the major facts the obstetrician needs for the 
mariagement of a pregnancy is an accurate knowledge 
of the length of gestation. Traditionally this is calcu- 
lated from the first day of the last menstrual period, 
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and for women in whom this date is known with cer- 
tainty and whose cycles are regular, such calculations 
are reasonably precise.''* Unfortunately some women 
are unable to remember accurately the date of their 
last menstrual period, others have irregular menstrual 
cycles, and for some patients the date offered repre- 
sents withdrawal bleeding after discontinuation of the 
use of oral contraceptive agents, making its relation to 
ovulation less predictable; in such circumstances alter- 
native methods for determining the duration of preg- 
nancy must be used. Ultrasonic measurements of var- 
ious fetal parameters such as the crown-rump length, 
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Table I. Regression analysis of maternal serum human placental lactogen (hPL) levels measured at the 


Index group | All patients with reliable dates 


first antenatal visit 


No. of patients 

Equation 

Correlation 

SD of estimate (days) 

Mean gestation (days) 

% within +7 days of mean 

Range of gestations from last menstrual date (days) 
Mean hPL (mU/L) 

Lower limit of hPL prediction (days} 

Upper limit of hPL prediction (days) 


the biparietal diameter, or the length of the femur have 
proved to be useful but their relation to gestational age 
is dependent on the stage of pregnancy at which such 
measurements are made* and the skill and experience 
of the operator. In addition the equipment is expensive 
to buy and maintain, and patients may have to travel 
long distances to reach such facilities. 

The pregnancy-specific hormone human placental 
lactogen is detectable in maternal blood soon after im- 
plantation and increases some 300-fold in concentra- 
tion during the first trimester.” In a preliminary study 
we reported that concentrations of human placental 
lactogen between 0.01 and 0.3 U/ml could be used to 
determine gestational age to within 6.3 days (SD); these 
concentrations approximate for the first trimester.’ The 
assay has since been introduced as a routine clinical 
service for all patients booking at this hospital; since it 
is the practice of offer ultrasonic scanning to every 
patient at about 16 to 18 weeks of pregnancy, we have 
been able to compare estimates of gestational age from 
human placental lactogen measurements both with 
those calculated from the last menstrual period and by 
ultrasonic measurements of the biparietal diameter. 


Patients and methods 


Assays of human placental lactogen were undertaken 
on 886 consecutively booked patients, of whom 49 
(5.5%) spontaneously aborted, 19 (2.1%) were deliv- 
ered elsewhere, and 31 (3.5%) had human placental 
lactegen concentrations at booking outside of our work- 
ing range. Nine patients had twin pregnancies, and 
their data have been analyzed separately, leaving 778 
patients who, while displaying the usual spectrum of 
obstetric outcomes, either had a live birth or were de- 
livered after 28 completed weeks. In this group 585 
(75.2%) mothers had reliable menstrual data and 193 
did not. 

Radioimmunoassay. The assay was based on mate- 
rials supplied by RIA (UK) Ltd. (Washington, Tyne and 
Wear, England) as its “hPL early gestational age” kit. 
The standards were prepared from the World Health 


139 585 
Day = 62.7 + 69.4 (hPL) Day = 63.8 + 65.0 (hPL) 

0.854 0.776 
7.3 8.4 

86 + 14 84 + 13 
38 44 

44-132 44-132 

0.335 + 0.172 0.308 + 0.159 
0.007-63 — 
0.85-122. — 


Organization standard 73/545 (1 mU = | mg) and 
ranged from 0.007 to 0.85 mU/L; normal male serum 
was added to standards to counteract nonspecific serum 
effects. Standards and undiluted samples were incu- 
bated with antiserum and iodinated human placental 
lactogen for 30 minutes at room temperature. A mix- 
ture of polyethylene glycol and preprecipitated second 
antibody was then added, and after a further 15 min- 
utes the samples were processed and counted. Within- 
assay variation was 2.1% at 0.132 mU/L (n = 10) and 
across-assay variation was 7.6% at 0.167 mU/L (n = 22). 

Sonar scanning. The machine used was a GL Dia- 
sonograph NE4200 modified for use with a real-time 
3.5mHz head and a 4-bit and 6-bit digital scan con- 
verter. 

Statistics. Statistical tests for comparison of groups 
and analysis of linear regression were as described by 
Armitage.“ 


Results 


Reliable dates: human placental lactogen findings 

Index group: Initially very strict patient criteria were 
defined for the creation of an index group in which 
the relation of serum human placental lactogen to ges- 
tational age (in days) could be determined. Each woman 
had to be able to provide a written record of her last 
menstrual period, to have a cycle length not exceeding 
44 days,’ to have a sonar assessment of gestational age 
from the fetal biparietal diameter within 12 days (that 
is, +2 SD) of that calculated from the last menstrual 
period, and finally to havea live, healthy baby following 
the spontaneous onset of labor at term (defined as 37 
to 41 completed weeks).* With use of the present kit 
the range for serum human placental lactogen was op- 
timized at 0.007 to 0.85 mU/L so that the woman also 
had to have values within this range. There were 139 
patients who fulfilled all of these criteria, and linear 
regression analysis of their data showed that gestational 
length could be calculated to within 7 days (1 SD) of 
the last menstrual period date; the earliest estimate of 
gestation possible was 63 days, with an upper limit of 


180 Whittaker, Lind, and Lawson 


Table II. Estimation of gestation length from 
maternal serum human placental lactogen 
concentrations (585 patients) and ultrasonic 
measurements of the fetal biparietal diameter 
(575 patients), relative to that determined 
from the last menstrual date* 


Distribution Human placental Sonar 
(days) lactogen (%) (%) 


<6 63 63 
-13 o8 91 97 0 
14-20 6 9 
21-27 3 1 
>98 0.3 0.4 


*Differences in human placental lactogen dates versus dif- 
ferences in sonar dates: r = 0.5 (p < 0.001). Mean difference 
(calculated from last menstrual dates): human placental lac- 
togen, 0.3 + 8.4 (NS); sonar, —4.6 + 6.6 (p < 0.001). The 
negative bias in the sonar dating occurred because the regres- 
sion line used applied to the whole range of pregnancy and 
was not optimized to gestation limited to 17 to 19 weeks. 


122 days. The details of the analyses are shown in 
Table I. | 
Reliable dates group: The index group was now wid- 
ened to include those who had reliable menstrual dates, 
a cycle length not exceeding 44 days, a serum human 
placental lactogen concentration inside the working 
range, and in whom the outcome was anything other 
_ than spontaneous abortion or twins. The sonar findings 
were not taken into account. This increased the group 
to 585 (19 women had been excluded because their 
human placental lactogen values were outside the work- 
ing range). The mean gestation at booking for the 
group as a whole was 12 weeks (+ 2 weeks; 1 SD), rang- 
ing from 6 to 19 weeks. The linear regression calculated 
for this group did not differ significantly from that of 
the index group (Table I). Use of a log transformation 
of human placental lactogen values made the fit some- 
what worse (r = 0.744) and using a quadratic function 
gave only a marginal improvement (r = 0.781). It was 
thus decided to use the regression line determined 
from the index group for all further comparisons. 
One way of comparing how well human placental 
lactogen assessment performs in a group of individuals 
is to subtract the length of gestation calculated by means 
of the last menstrual period from the length of gesta- 
tion determined by human placental lactogen. There 
will be some underestimates and some overestimates, 
but with a large group the mean of all of the differences 
should not be significantly different from zero and 
should have a small standard deviation. This proved to 
be the case for the 585 women with reliable menstrual 
dates; the mean diference was 0.3 days, with a standard 
deviation of 8.4 days. The distribution of gestational 
estimates by human placental lactogen was such that 
91% were within 13 days of their last menstrual period 
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Table II. Estimation of expected date of 
delivery in 412 spontaneous deliveries with 
reliable menstrual dates 


Distribution | Last menstrual | Sonar | Human placental 
(days) date (%) (%) lactogen (%) 


<6 58 53 


7-13 30 88 gg 82 gy 8° 
14-20 6 10 12 
21-27 ] 3 4 
=28 5 5 4 

Table IV. Estimation of expected date of 
delivery in 139 spontaneous deliveries with 
uncertain menstrual dates 
Distribution Sonar Human placental 

(days) (%) lactogen (%) 

s6 47 40 

7-13 06 78 og 99 

14-20 15 19 

21-27 5 6 

228 7 6 


date (Table II). Calculations of gestational age from 
measurements of human placental lactogen at the ex- 
tremes of the assay range did not reveal any systematic 
bias. 

Reliable dates: ultrasonic findings 

Of the 585 women in whom human placental lac- 
togen data were available, 55 also had ultrasonic mea- 
surements of the biparietal diameter. Unlike the human 
placental lactogen determinations the ultrasonic mea- 
surements could not be uncertaken blind because the 
operators knew the patients had deliberately been 
asked to come at 16 to 18 weeks’ gestation; indeed the 
mean gestation from last menstrual period at scanning 
for the whole group was 17.5 weeks, and 72% were 
seen within 2 weeks of the mean. Use of the difference 
between the ultrasonically determined length of ges- 
tation and that derived from the last menstrual period 
showed that 90% of the mothers were within 2 weeks 
of the gestation calculated from the menstrual date 
(Table II). . 

For the estimation of date of delivery the measure- 
ments of 412 patients who had certain last menstrual 
period dates as well as both human placental lactogen 
and ultrasonic data and who went into spontaneous 
labor (mean, 278 days’ gestation) were analyzed. Cal- 
culated from the last menstrual period the percent of 
patients delivered within 2 weeks of the expected date 
of delivery was 88%, from sonar determinations it 
was 82%, and from human placental lactogen deter- 
minations it was 80%. The distributions are given in 
Table ILI. 

Uncertain dates. A further patient group was com- 
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posed of 220 women for whom there was reason to 
doubt the accuracy of their menstrual dates. In 124 
cases the mothers could not remember their dates, a 
further 85 said the date they gave represented with- 
drawal bleeding from oral contraception, and 13 
women had such irregular cycles their date was an un- 
reliable index to ovulation. In this group 146 women 
experienced spontaneous onset of labor after uncom- 
plicated pregnancies and delivered live healthy babies, 
of these, 139, (95%) had human placental lactogen val- 
ues within our working range. We compared their ex- 
pected date’ of delivery determined both from human 
placental lactogen concentrations and from sonar re- 
sults with the actual date of delivery; 69% were deliv- 
ered within 2 weeks of the dates predicted by human 
placental lactogen, and 73% were delivered within 2 
weeks of the date predicted by ultrasonic scanning 
(Table IV). 

Twins. There were nine pairs of twins in the series 
and the human placental lactogen/last menstrual pe- 
riod gestation differences in this group averaged 8 days 
(+14 days; 1 SD). The numbers are too few to draw 
conclusions, but the apparent trend to overestimate 
gestation is probably a function of the small number in 
this group. 

Spontaneous abortions. There were 39 women who 
spontaneously aborted and the mean gestational dif- 
ference in this group was —5.3 (+14.3; 1 SD) days, 
which jus: achieved significance (p < 0.05). This could 
have been anticipated from the endocrine changes 
known to occur before spontaneous abortion. 


Comment 


It kas been suggested that the maternal serum con- 
centrations of human placental lactogen, human cho- 
rionic gonadotropin and Schwangerschaft’s protein 
can be used to determine the length of pregnancy 
during the first and second trimesters of pregnancy. 
The use of human chorionic gonadotropin appears 
to be reliable,’ but its clinica] usefulness is limited to 
<10 weeks because after this time maternal serum 
levels decline. Both human placental lactogen and 
Schwangerschaft’s protein increase steadily throughout 
pregnancy” and appear to give clinically useful esti- 
mates of the length of gestation during the first and 
second trimesters, '' '? but these studies involved rel- 
atively small numbers of patients. In this investigation 
a large number of patients have been studied, em- 
bracing the usual range of obstetric outcomes and the 
human placental lactogen estimates of the length of 
pregnancy compared not onlv to last menstrual period 
data but to sonar estimates of gestation and the actual 
date of delivery in those women undergoing sponta- 
neous labor. 

Our original series had been composed of women 
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attending our research unit who had usually attended 
the antenatal clinic before 10 weeks’ gestation.’ The 
present large population attended for the first time 
over a much wider range of pregnancy, but 97% of 
those with certain menstrual dates had human placental 
lactogen values within our original range.’ A new 
regression line was calculated from the present index 
group because of the change from an in-house human 
placental lactogen assay to a commercial kit; the stan- 
dard deviation was 7 days and, when applied to every- 
one with reliable dates, placed 91% within 2 weeks of 
their last menstrual period date. Our routine clinical 
ultrasonic service for the same group yielded a standard 
deviation of 6 days and placed 90% within 2 weeks of 
the last menstrual period dates. It must be borne in 
mind that the sonar measurements were made with full 
knowledge that the patients were approximately 16 to 
18 weeks pregnant whereas the human placental lac- 
togen determinations were blind and made over a 
much wider range of weeks. 

It has been suggested that one way of checking the 
accuracy of gestational assessment would be to com- 
pare the actual date of confinement against that pre- 
dicted by any particular assessment technique. Camp- 
bell et al."* reported that 89% of patients delivered 
within 2 weeks of the ultrasonically predicted date of 
delivery, whereas in the same group only 85% delivered 
within 2 weeks of the last menstrual period predicted 
date. Ahmed and Klopper” used a similar argument. 
In our series of the 412 women with reliable dates who 
went into spontaneous labor, 88% were delivered 
within 2 weeks of the date predicted by last menstrual 
period (that is, the date of onset of the last menstrual 
period plus 280 days), 82% within 2 weeks of the ul- 
trasonic date, and 80% by the date derived by human 
placental lactogen, While it is of interest that data from 
different sources are so similar, we feel this form of 
analysis to have little clinical relevance; many factors 
influence the time at which an individual woman will 
go into spontaneous labor, and 280 days is not a rigid 
interval. The work of Guerrero and Florez’ showed that 
the interval from ovulation to spontaneous delivery had 
a standard deviation of 12 days. 

A group of patients of particular clinical concern are 
those with uncertain dates: 25% in our study. Of these, 
95% had serum human placental lactogen levels within 
our range when they first attended the antenatal clinic, 
and all had a sonar estimation of biparietal diameter. 
Estimation of date of delivery in these women was sim- 
ilar for both methods, some 70% delivering within 2 
weeks of the predicted expected date of delivery. 

In our experience dating the length of gestation by 
human placental lactogen levels and the sonar estimate 
of the biparietal diameter are equally reliable. It could 
be argued that use of sonar determinations of the fetal 
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crown-rump length would allow a more precise assess- 


ment of gestational length, but this was not the expe- ` 


rience in our previous though smaller series. The stan- 
dard deviation of the crown-rump length/last men- 
strual period gestational determinations was + 6.1 days 
which was not significantly different from the +6.6 
days reported here for biparietal diameter estimates. 
This is not to suggest that the estimation of human 
placental lactogen should replace sonar determinations 
but that both methods have a role to fulfill. Pregnant 
women have blood sampled at their first antenatal visit 
for a variety of tests so the cost of taking the blood 
sample for human placental lactogen in terms of sy- 
ringes, needles, and the manpower required is shared 
across this range of tests. Since the hormone ts stable 
in serum at room temperature, the sample could be 
sent to a central laboratory from a wide area and a 
technician could process hundreds of samples per 
week. Finally, immunoassay equipment is available in 
many laboratories and their capital cost is spread over 
the many hormone assays requested by doctors in dif- 
ferent disciplines. Ultrasonic machines used for ob- 
stetric scanning are often dedicated to that purpose, 
are expensive to buy and maintain, and require highly 
experienced staff to use them and interpret the find- 
ings; moreover, the patients usually have to travel to 
the facility. For those hospitals performing a sonar scan 
at booking for gestational assessment and repeating the 
scan at about 18 weeks for fetal anomaly detection, the 
estimate of human placental lactogen could offer a re- 
liable and cheaper alternative to the first scan. It would 
also offer flexible clinical management: Every patient 
could be offered an human placental lactogen assess- 
ment at booking, and for those in whom there was a 
discrepancy between the last menstrual period and hu- 
man placental lactogen estimates, a sonar scan could 
be arranged. 

Why use assay methods at all if the sonar method 1s 
reliable? Some reasons have been discussed above, but 
a major reason is the 20% or so of women who have 
no menstrual date to offer. In such circumstances 
rather than the sonar estimate being used alone for 
dating, a second diagnostic system is now available. 
There are also circumstances in which women with ap- 
parently reliable menstrual dates have a sonar-derived 
gestational age at variance with these dates; an inde- 
pendent human placental lactogen assessment would 
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obviously be useful in such circumstances. Finally, for 
those places that do not have ready access to a sonar 
service, human placental lactogen assay could offer a 
cheap centralized facility for assessing gestational age. 
For these reasons we suggest human placental lactogen 
measurements should become part of routine antenatal 
care, complementing rather than replacing the role of 
ultrasonic scanning. 


We are grateful to RIA “UK) Ltd., Washington, En- 
gland, for its contribution toward this project. The as- 
sistance of Jean Gerrard, Tnelma Scholefield, and Mary 
Maxwell with data collection and analysis is also ap- 
preciated. 
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Similarities of Negro and Caucasian fetal extremity lengths in 
the interval from 9 to 20 weeks of pregnancy 


Robert A. Munsick, M.D., Ph.D. 
Indianapolis, Indiana 


Foot, leg, and arm measurements were compared from 599 electively aborted fetuses of Negro and 
Caucasian women who had reliable menstrual dates and agreement between dates and uterine size. 
When compared by week, no significant racial differences were detected in the means of any of these 
measurements between 9 and 20 menstrual weeks of pregnancy. The combined, corrected data provided 
smoother curves than those previously published. The following formulas are recommended for weeks 9 to 
20 of pregnancy, where W = weeks and F, L, and A are the foot, leg, and arm measurements in 
centimeters: W = 4.5261 + 11.937(F) — 4.4895(F*) + 0.71583(F*); W = 5.9957 + 5.7279(L) — 


1,.2246(L*) + 0.11880(L*); W = 5.4007 + 5.0305(A) — 0.93540( 
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A?) + 0.079022(A*). (Am J OBSTET 


Key words: Fetus, extremity, pregnancy, race, foot, leg, arm 


Recently I’ showed that the fetal foot length data of 
Streeter, published in 1920, and of Hern, published in 
1984, mav be properly used as a “gold standard” of 
fetal age. However, the proportions of Negro and Cau- 
casian mothers that underwent abortion were not 
known. Assuming that there were no significant racial 
differences, the mixed racial data were combined. (See 
reference | for additional sources.) 

Jakobovits et al.? studied the foot and crown-rump 
lengths of black, white, and Central American fetuses, 
but because of poor menstrual dates they found it nec- 
essary to present foot lengths in terms of crown-rump 
lengths. They concluded that if there were racial dif- 
ferences in foot lengths they were probably negligible. 

The purpose of this study was to determine whether 
there are racial differences in the foot, leg, or arm 
lengths of the fetuses of Negro and Caucasian mothers 
in the interval from 9 to 20 menstrual weeks of ges- 
tation and, if differences were not demonstrated, to 
improve with additional data the previously published 
regression equations.’ 


Material and methods 


In my previous report,' race was not included in the 
data output to the computer sequential files. Therefore, 
the original records were compared with the mothers’ 
charts, and when race was identified it was recorded. 
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New cases with racial data were added to the original 
ones. Criteria for inclusion in the study were as follows: 
The mother was identified as black or white, her men- 
strual dates were accurate, at least one of the three fetal 
measurements was recorded, and the vaginal estimate 
of uterine size agreed within 2 weeks of dates. Mea- 
surements of the foot (heel to extended longest toe), 
leg (top of the flexed knee to the bottom of the calca- 
neus), and arm (top of the flexed elbow to the longest 
extended finger) were made with vernier calipers im- 
mediately after dilatation and suction or evacuation. 

For simple statistical computations, such as mean, SD, 
and Student’s ¢ tests, programs were written in N-Basic 
for the NEC 8001-A personal computer with the use 
of standard formulas as previously described.' Poly- 
nomial regression equations for weeks, based on foot, 
leg, and arm lengths, were solved with the SAS statis- 
tical package of SAS Institute Inc., Box 8000, Cary, NC 
27511-8000. Because most variability of dated fetal ex- 
tremity measurements is thought to be caused by in- 
consistent times of fertilization within the menstrual 
cycle and poor recall of menstrual dates, ideal curves 
were sought by eliminating all measurements at each 
week that varied from the mean by more than 2 SD. 

No information was obtained concerning the inci- 
dence of fetuses of mixed races. Although such preg- 
nancies were undoubtedly included in this series, their - 
incidence was likely well below 10%, as it is in our gen- 
eral obstetric populations of black and white mothers. 
Hence the presence of some mixed-race fetuses should 
not have materially influenced the results. I will there- 
fore refer to fetal race on the basis of maternal race. 
Similarly, no attempt was made to define race narrowly; 
it was judged by the appearance of the mother. Other 
races were excluded. 
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MENSTRUAL WEEKS 


Fig. 1. Recommended, corrected fetal extremity lengths. 


Table I. Combined, corrected data: Recommended values from perons and current studies 










Weeks’ 


gestation 

9 0.46 0.46 0.46 
10 0.55 0.6 0.56 0.56 
11 0.69 0.7 0.69 0.69 
12 0.91 0.8 0.89 0.87 
13 1.14 1.0 1.13 1.07 
14 1.40 1.4 1.39 1.33 
15 1.68 1.8 1.68 1.55 
16 1.99 2.1 2.12 1.94 
E7 2.30 2.3 2.41 2.31 
18 2.68 2.5 2.72 2.70 
19 3.07 3.0 2.98 2.90 
20 3.33 3.3 3.17 3.17 


S = Streeter, H = Hern, M = 


Of the original 575 patients reported on,' racial data 
were obtained for 522. Seventy-seven new cases were 
introduced, bringing the total to 599. 


Results 


Mean extremity lengths and SDs were determined 
for black and white fetuses at 9 to 20 menstrual weeks. 
Means and variability were very similar to the values 
previously published.’ With the use of Student's t test, 
no significant differences were demonstrated between 
any of the mean extremity measurements in white and 
black fetuses for any of the weeks studied (all p values 
>0.1; complete data are available on request). 

Because significant racial differences were not dem- 
onstrated, the data were combined by week and cor- 
rected by removing all cases that departed from the 
combined mean by 22 SD. These idealized means are 
shown in Table I along with some of the data from 
Table II of my first article.’ 

With the use of these data, polynomial regression 
formulas were derived for foot, leg, and arm lengths. 


Current 





0.63 0.63 0.84 0.84 
0.8 0.80 0.80 1.1] L1 
Fl 1.09 1.09 1.47 1.47 
Be 1.45 1.4] 1.93 1.85 
E7 1.93 1.80 2.50 2.33 
2.4 2.43 2,90 3.11 2.93 
Sad 2.86 2.70 3.71 3.45 
3.6 3.67 3.36 4.52 4.24 
4.0 4.16 4.02 5.14 4.97 
4.3 4.66 4.71 5.68 5.64 
5.1 5.24 4.99 6.23 5.97 
5.6 5.43 5.43 6.39 6.39 


Munsick.' All measurements in centimeters. 


Tests of the significance of the intercepts and first 
through third- or fourth-order regression coefficients 
showed a p value of <0.002 for all third-order poly- 
nomial equations but lack of significance for all fourth- 
order equations. Hence third-order equations were 
adopted. Adjusted R? values for these were 0.9989 for 
foot, 0.9981 for leg, and 0.9992 for arm lengths. Curves 
of idealized fetal extremity growth with weeks of ges- 
tation are shown in Fig. 1. These are smoother than 
those shown in the last article.’ 

The polynomial equations to determine menstrual 
weeks (W) from foot (F), leg (L), and arm (A) mea- 
surements in centimeters are: 


W = 4.5261 + 11.937(F) — 
4.4895(F*) + 0.71583(F°) 


W = 5.9957 + 5.7279(L) — 
1.2246(L*) + 0.11880(L’) 


W = 5.4007 + 5.0305(A) — 
0.93540(A2) + 0.079022(A?) 


Maximum errors in weeks, according to these equa- 
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tions and the corrected data in Table I from which they 
were derived, follow: for foot, — 0.2 weeks at 19 weeks; 
for leg, + 0.24 weeks at 14 weeks; and for arm, +0.2 
weeks at 18 weeks. With the use of differential calculus, 
it was found that the greatest rates of growth, expressed 
in centimeters per week, were 0.39 at 16.4 weeks for 
foot, 0.66 at 16.1 weeks for leg, and 0.75 at 15.5 weeks 
for arm length. 

The following naperian logarithmic formulas are ac- 
ceptable but are less accurate than the polynomial for- 
mulas shown above at weeks 9, 19, and 2p aa) 
tor the leg and arm: 


In(W) = [In(F) + 2.92247/0.434294]/2.65803 

In(W) = [In(L) + 3.03217/0.434294]/2.95033 

In(W) = [In(A) + 2. 70467/0.434294]/2.75733 
With the use of these logarithmic formalas: maxi- 
mum. errors in weeks were: for foot, + 0.39 at 9 weeks 
and — 0.59 at 20 weeks; for leg, — 0.62 at 19 weeks and 


1.09 at 20 weeks; and for arm, —0.71 at 19 weeks 
and — 1.25 at 20 weeks. | 


Comment 
The finding that race (Negro and Caucasian) does 
not significantly affect the fetal foot, leg, or arm length 


Fetal extremity lengths 


between 9 and 20 weeks adds confidence to the mixed 
racial data previously reported.' These conclusions 
should not be extended beyond 20 weeks or to races 
other than Caucasian and Negro. 

For programmable calculators, the third-order poly- 
nomial equations yield quicker and apparently more 
accurate results than the fourth-order formulas pre- 
viously presented. ' We have found that it is frequently 
possible to obtain ultrasonic measurements of fetal ex- 
tremities in the second and late first trimesters and that 
applying the above formulas to these parameters agrees 
very well with age estimates derived from biparietal, 
crown-rump, and femur measuréments. 


I am again indebted to Pao-Lo Yu, Ph.D., Depart- 
ment of Medical Genetics, Indiana University School 
of Medicine, for his statistical advice and review of this 
anaes 
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Academia—An endangered species 


Douglas J. Marchant, M.D. 
Boston, Massachusetts 


To understand the present crisis in American med- 
icine, it is necessary to review the relevant medical his- 
tory of the nineteenth century. Only in very recent 
times have physicians, as a class, enjoyed a favored eco- 
nomic status. Medicine had been a poorly paid profes- 
sion. Initially the American Medical Association waged 
battle agaist the cultists, many of whom were finan- 
cially quite successful in contrast to the regular physi- 
cians. Increasing numbers’ of poorly educated physi- 
cians entered practice, and education reform became 
a major goal of the American Medical Association. 
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The complaint that there were too many doctors was 
associated with the realization that there were too few 
paying patients. The only patients who entered the hos- 
pitals were the indigent sick. Hospitals began as char- 
itable institutions and until the middle of the nmeteenth 
century served only the sick poor who needed bed care. 
Special institutions. called ‘dispensaries, whose origins 
go back to the eighteenth century, provided ambulatory 
care for “the deserving sick poor.” As hospitals and 
dispensaries developed under a tradition of charitable 
care, the community and philanthropists provided the 
funds and saw to it that the institutions were run eco- 
nomically and efficiently. Physicians provided medical 
care without charge. Theoretically this’ was the ideal 
system. However, even a hundred years ago, things did 
not work out well. What level of poverty described the 
needy? For the totally destitute, there was no problem. 
Could the sick or poor afford to pay for medical care, 
and if they could, why should they not do so? 

The beginnings ofan adversary relationship between 
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the physician, the hospital, and the university began in 


the late nineteenth century in a nation ill equipped to ` 


deal with the social problems of the time. Dispensaries 
and later outpatient hospital departments accepted all 
comers, and many practitioners complained about the 
loss of patients to the dispensary. 

With’ the decline of the dispensary, hospital outpa- 
tient departments provided comparable functions. In 
1916 it was estimated that there were a total of 900 
dispensaries, of which 645 were outpatient depart- 
ments of haspitals.' According to Vietor,? in 1886 it was 
estimated that about one fourth of the population of 
Boston and about half the population of New York were 
receiving free medical treatment. 1905 Gay: de- 
clared that “as a matter of public record three hundred 
thousand patients in Boston received practically free 
treatment—about half the population of the city.” Ob- 
viously the practicing physician had a legitimate com- 
plaint if people who could afford private care were 
taking advantage of the available free care. On the 
other hand, some physicians viewed the dispensary as 
an excellent way of acquiring experience and improv- 
ingt their skills. The dispensaries often served as a tëach- 
ing ‘function for medical.schools. Thus a free dispen- 
sary ‘attached to a medical school might drain patients 
away from the private practice of the community. Dis- 
pensaries proyided clinical miaterial for the training of 
specialists and asa result attracted the ambitious young 
men who wanted training and were glad to serve in the 
dispensaries to get it. The dispensaries in addition 
maintained laboratories, ‘and the physicians relied on 

“instruments of precision "what we now Call ‘ ‘tests.” 
Family physicians were relatively slow in assimilating 
this new knowledge, and even at this early stage the 
differences between the services ofa clinic an¢ a pes 
physician were: ‘obvious. 

Medical advances i in the latter art of the nineteenth 
century produced a different kind of abuse—hospital 
abuse, quite different from the dispensary setting. This 
problem had to do with’ ‘patient bed care rather than 
ambulatory care. As I mentioned’ earlier, bed care in 
hospitals for many years. was a charitable offering, and 
middle- class families tried to avoid this. Obviously, in 
addition to the stigma of a hospital admission, there 
was the higher death risk because of infection and other 
iatrogenic problems. However, because of develop- 
ments in medicine, particularly the science of bacteri- 
ology and the growth of laboratory medicine, hospitals 
began to attract patients who could pay and therefore 
started to charge such patients for bed, board, and 
nursing services. The attending physicians, however, 
did not share in the subsidy. Well-to-do patients could 
enter the hospital, pay for their room and board and 
nursing, and receive excellent medical care, all without 
paying the attending physician. The physicians, not 
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without reason, considered this “hospital abuse.” To 
correct the situation, some hospitals raised no objec- 
tions to the covert payment of private fees. Some phy- 
siclans, especially surgeons, established their own hos- 
pitals. Many large charity hospitals established a private 
pavilion where staff members could take their private 
patients. 

This process at the turn of the century marked a 
major transformation in medical practice. Certain as- 
pects became more and more hospital based rather than 
home based. Obviously thase physicians who admitted 
private paying patients to their service encouraged a 
system in which the hospital was being made directly 
to subserve the private interests of the individual phy- 
sicians. The. staff who received fees had an unfair ad- 
vantage over those members of the medical community 
without hospital appointments—the beginnings of the 

“town versus gown” controversy. Doctors associated 
with medical schools and hospitals had privileges of 
hospital admission for their patients to achieve more 
precise, diagnosis and more successful treatment. The 
referring physician or the family doctor was under- 
going a diminution in stature. The complexities of med- 
ical. education encouraged. by the American Medical 
Association, social stratification of the community, and 
economic developments, all contributed to the forma- 
tion of academic medicine or a medical elite. 

Enter the “lodge practice.” Because there continued 
to be too many doctors and because the younger phy- 
sicians had to make a living. somehow, many joined a 
form of prepaid health care, in which organized groups 
hired a: physician to provide medical service to the 
members of that group and their families. In the east 
side of New York alone in. 1910, it is estimated that 
there were 1500 to 2000 ladges. If one considers that 
the average income of a physician in 1910 was $2000, 
the young physician employed by a lodge with several 
hundred members would have a very good start in 
practice indeed. , 

Knapp’ described this practice as “lowering the 
profession to the level of a trade,” and certainly we have 
heard this in-our day. Clearly not all physicians were 
opposed to this lodge practice. Some would gain a wide 
clinical experience much as their predecessors in the 
dispensary. Organized medicine, however, had long op- 
posed this type of practice, and in 1911 the American 
Medical Association published an opinion on various 
aspects of this subject.? However, one physician de- 
clared very perceptively that “the unethics of contract 
practice depends upon the minuteness of the fee.” The 
major questions of the times, and I might add of our 
time as well, were how could the poor receive adequate 
medical care and how could the physicians make an 
adequate living consonant with their educational in- 
vestment and their specialized skills. As we all know, 


Volume 156 
Number I 


the problems expanded, the question of voluntary or 
compulsory health insurance has become intrusive, and 
contract health care has taken on a new dimension. 

This historical overview provides the perspective to 
examine contemporary medicine. Let me begin by sum- 
marizing the unfortunate case of Dr. Z as reported in 
The New England Journal of Medicine in August 1984.5 
The unfortunate Dr. Z had been stripped of his hospital 
privileges and was placed on probationary « office prac- 
tice because of “failure to adjust to the new medicine. 
He refused to accept the guiding principles of the new 
medicine—that the encounter with the patient, the ill- 
ness episode—is accurately and completely defined by 
a disease diagnosis and that for every such disease there 
is a corresponding technological treatment.” Dr. Z in- 
sisted that the patients came to him for many reasons 
other than the présence of a specific disease. He always 
seemed to be bogged down in the process of health care 
delivery—in taking ‘care of the patient, as he puts it, 
instead of stressing outcome. Dr. Z further asserted that 

“in addition to providing scientific expertise physicians 
should express concern about their patients, gain their 
confidence and co-operation and give them and their 
families peace of mind.” The answer, of course, to 
Dr. Z is that “we have no code or audit criteria for 
explanation or reassurance or what he called personal 
care.” 

Untortunately, despite mandatory attendance at in- 
doctrination sessions, Dr. Z seemed incapable of un- 
derstanding and participating in the new mission of 
hospizals and thus the loss of his hospital privileges. He 
was never.able to think of medicine as an industry and 
view a hospital as a business. His opposition to the 
dropping of the teaching program was particularly 
offensive. | 

Obviously Dr. Z is wrong. Hospitals are a business. 
The bottom line is “whether the doctor can contribute 
to the hospital’s overall marketing plan.” Cost account- 
ing must be part of physicians: grand rounds. We can 
no longer look at ‘patients as persons but must view 
them as output or input or as products. We must learn 
to manage product lines. Obviously Dr. Z had felt the 
impact of “monetary disincentives” when he lost his 
hospital privileges. He was then subjected to thinking 
adjustment sessions and given training in computer 
coding, advertising, market analysis, and selling strat- 
egy. Unfortunately, he reverted to his “old habits.” He 
clings to the archaic belief that medicine is an ethical 
rather than a commercial enterprise. Qur proposed 
time frame for developing his new mind set is short. 
If he cannot adapt to the new medicine, this is too bad, 
there are plenty coming along who will. 

Is mecicine still an art? I agree with Truman G. 
Schnabel who stated in an essay in The New England 
Journal of Medicine “medicine’s art lies in a skillful ma- 
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nipulation of the relationship between doctor and pa- 
tient which when combined with the logical use of med- 
icine’s science will lead to the best kind of patient care.” 
Unfortunately, the very achievements in medicine that 
have provided us not only with clues to disease but the 
means to cure them have diminished the esteem that 
physicians had enjoyed for many years. Technology has 
intruded into the practice of medicine, and the manner 
in which we deal with patients seems to have become 
less important. This era of technologies and the use of 
computers will have a significant impact on the doctor- 
patient relationship. 

Another aspect of medical care that is known to all 
of you is that patients themselves assume more and 
more responsibility in the decision-making process. It 
seems to me that for the correct decision to be made 
the doctor-patient relationship must be closer than ever. 
The doctor and the patient must be able to commu- 
nicate in a logical and understandable way and over a 
considerable period of time. Clearly, with the challenge 
of patient responsibility the physician must be even 
more sympathetic and kind and the art of medicine 
must be as important as its.science. That this is not the 
case is indicated by a 1983 poll commissioned by the 
American Medical Association that revealed that 62% 
of persons in this country are losing faith in physicians.* 
Responders indicated that physicians are too interested 
in money and not interested in their patients. For the 
specialist the process of a correct diagnosis becomes 
almost an end in itself. Actually, the patient only wants 
to feel better. The message patients receive is that of 
an impersonal, technically dominated medical care sys- 
tem. The fact that the health care provided may be 
improved does not seem to be as important as what 
might be considered a “hidden message” that the ma- 
chine has become the physician, the definitive advisor. 
Predictably this leads to the development of the “too 
ept” physician. We have peer review to cover the inept 
physician, but I believe we need a different charge to 
these committees that will judge the too ept—that is, 
the medical zealots. For those of us dealing with cancer 
patiénts it is clear that we need a new understanding 
of medical technology. As Crawshaw” said so well “by 
curious inversion of human values, scientific therapeu- 
tic zeal has become a new dangerous iatrogenic dis- 
ease—the technical fix. Caught up in the wonderment 
of burgeoning technology, physicians become blind to 
the difference between physiology and life.” This tech- 
nical fix is becoming widespread. Unless we are careful 
there will be an irreversible distortion of our humanity. 

' Before discussing the changing monetary aspects of 
medical care, let me complete the historical review with 
a few words about the controversy over physician sup- 
ply. There is some evidence that market forces are re- 
sponding to a perceived surplus of physicians. Some 
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medical schools are reducing enrollment, and certainly 
all medical schools are feeling the decrease in reduced 
federal funding. On the other side of the ledger is the 
increasing cost of medical education. A recent Amer- 
ican Medical Association survey showed that some 60% 
of physicians in practice 2 years or less have educational 
loans outstanding. Additional market forces were rec- 
ognized by the Rand Corporation that showed that in- 
creasing numbers of physicians are locating their prac- 
tices in smaller communities and that Americans in 
nearly every community with a population of at least 
2500 now have ready access to a physician. Because 
there is no certain way to predict the future needs of 
physician manpower, the educational system for phy- 
sicians should not be locked into a rigid system of quotas 
or limits. With the market forces now at work the pres- 
ent system will resolve most of the problems associated 
with the fluctuations in the economy and an increase 
in physician population. Citizens with freedom of 
choice rather than centralized planners are more likely 
to develop and make use of information necessary to 
allow the market place to function effectively. 

The major health manpower issue facing the United 
States is not an excess of physician supply but an excess 
of specialist physicians. Bécause we have so many spe- 
cialists, we rely on some to do primary care, but because 
of temperament and training they may not be educa- 
tionally prepared to function as a generalist physician. 
In the United States there is an unusually high rate of 
operations and invasive procedures. There is no wait- 
ing list for any procedures, and aay there’ is no 
shortage of surgeons. 

Having described the complex relationship between 
physicians, hospitals, and universities and the social 
conditions of a hundred years ago that initiated changes 
in medical practice, it is appropriate to review what can 
be called the “monetarization” of medical care and en- 
trepreneurism in medicine. A number of observers 
have expressed alarm at how fast American medicine 
appears to be turning from a profession into a busi- 
ness. The monetarization of medicine as defined by 
Ginsberg” is the “rapid penetration since 1950 of the 
money economy into all facets of the health care sys- 
tem.” Its influence is reflected in the growth of academic 
health centers, the shift from voluntary employer phy- 
sicians in large teaching hospitals, the payment of what 
appear to be reasonable stipends to house staff, the 
marked decline i in philanthropy i in meeting operating 
deficits, and the substantial reduction in Bnrequited 
Services by physicians. 

‘In the 1940s, medicine was only partly monetarized. 
However, rapid expansion in hospital insurance and 
the enactment of Medicaid programs in 1965 set the 
stage for the complete monetarization of health care. 
Although the major impact of this was and’ remains on 
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the hospital sector, physicians surely are the critical and 
ultimate providers of care. I believe we cannot view the 
practice of medicine as just another business under- 
taking like retailing or banking. To rely on the market 
to discipline professionals is to overestimate what the 
market should be asked to do or ‘indeed is capable of 
doing. There are critics and defenders of this growth 
of the for-profit sector in medicine. Relman' ? main- 
tains that these profits result from nothing less than 
the buying and selling of assets and the avoiding of 
unprofitable activities such as teaching and care for the 
poor. Defenders predictably emphasize gains from ac- 
cess to more capital, improved planning and operating 
systems, and more “professional” management. 

A further development of this monetarization is the 
entrepreneurism of medicine exemplified by hospitals 
organizing a variety of corporations that spin off tra- 
ditional services and joining or competing with doctors 
and other hospitals in new ventures such as health 
maintenance organizations, preferred provider orga- 
nizations, surgery centers, and clinics in shopping 
malls. The major difference here is that in the usual 
business venture investors risk their own money. In this 
situation, not only is someone else’s money being risked, 
but the very institutions that we depend on to provide 
services may also be at risk. Part of the problem is the 
hysteria associated with the high cost of medical care 
and its perceived shortcomings—however, these ser- 
vices still provide the best medical care available in the 
world. I believe that the American public will not permit 
a system that encourages bottom line quality and a price 
competition environment rather than personal care. 

In any system, care of the disadvantaged is the central 
problem. It is worth remembering that in spite of all 
the skills that may be developed, including marketing, 
diversifying, and maneuvering of hospitals, unless 
these resources accommodate the needs: of the un- 
served and the underserved, the health care system will 
be overturned no matter how efficiently it may serve 
those who can afford it. As Cunningham” has stated, 
“there appears to be two possibilities—less competition 
of the kind of government, industry and some hospitals 
are pushing—or more federalization. The question is 


_ which shall it be?” Many feel that the physician and the 


health administration will move from the professional 
model with its traditions to one of professionally reg- 
ulated competition. Perhaps the eighteenth century 
philosopher was correct in noting that “competition 
makes the prince rule more wisely than his wishes alone 
intend.” . 

An example of the accelerating trend in for profit 
organization is the transformation of the health main- 
tenance organization movement. The health mainte- 
nance organization is one form of alternative health 
care delivery which features some limitation on a pa- 
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tient’s choice of physictan in return for comprehensive 
benefits provided at a fixed price. It is clear that in- 
surance organizations, hospital management compa- 
nies, physician entrepreneurs, private business men, 
and the like are in the process of expanding medical 
plans that will compete against traditional practitioners. 
It is interesting that the only organizations that seem 
to be the least involved in this movement although they 
are the most threatened are the academic medical cen- 
ters. One of Wall Street’s highly regarded stock analysts 
has noted that although the health maintenance or- 
ganization appears to be the ideal solution to cost es- 
calation facing the country, few people have been will- 
ing to abandon the idea embedded in the American 
health care system of unlimited quality and access even 
when it is no longer cost effective. 

There is evidence that the fee-for-service physician 
is not sitting idly by in the face of this competition. 
However, it seems certain that life will never be the 
same again for most practitioners, as a consequence of 
the new emphasis on greater price sensitivity among 
third-party payers. Certainly one long-range device for 
countering this dilemma would be the teaching of med- 
ical economics to our medical students, interns, and 
residents. Few if any medical schcols include in their 
curriculum the crisis of financing medical care and cer- 
tainly none exposes the doctor as the key culprit. 

Let us look now at the relationship between hospital 
management and its medical staff under a prospective 
payment system. This, I believe, is the crux to under- 
standing what I feel may be the gradual demise of 
academic institutions. First, we must understand the 
traditional relationship between hospital administra- 
tion and the medical staff. Clearly, hospital manage- 
ment focuses on finances, and its primary goal is to 
keep the hospital fiscally solvent. The medical staff’s 
primary goal is to provide patients with the best possible 
medical care with less regard for cost. With the new 
prospective payment system based on a diagnostic-spe- 
cific program in contrast to the traditional cost-retro- 
spective reimbursement, hospitals are at greatly in- 
creased financial risk. Because physicians ccntrol 60% 
to 70% of the health care expenditures, hospitals must 
convince the medical staff to adhere to “cost-effective” 
patterns, and the potential for this relationship between 
hospital and medical staff to become even more volatile 
is enormous. Hospital managers must be certain that 
each physician’s pattern of use does not deviate from 
the narrow range of reimbursement established in each 
one of the current 467 clinical diagnosis related groups. 
Some type of sophisticated information system will be 
required to monitor physician behavior and correlate 
financial information with clinical information and then 
assess the cost-effectiveness of the diagnosis related 
groups singly and comparatively. This is quite remi- 
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niscent of the plight of Dr. Z. Once a physician has been 
identified or appears to exhibit a costly and inefficient 
behavior “he or she may be approached through ed- 
ucation peer pressure or conceivably even restriction 
of privileges if the costly behavior persists.” However 
sophisticated, aggregate hospital cost accounting does 
not tell us what a service really costs. Hospitals are 
looking at systems that allow comparison of various di- 
agnoses among multiple hospitals. Cost-effective stan- 
dards will have to be established for regional and na- 
tional comparison. Obviously such standards once es- 
tablished will be used to evaluate which diagnosis 
related groups are cost effective for the particular in- 
stitution and therefore “profitable to offer.” If un- 
profitable diagnosis related groups are dropped, ex- 
pensive tertiary services may be the first to go, especially 
among hospitals in the for-profit sector. Under the new 
Medicare prospective payment system the educational 
expenses of hospitals are covered. However, this system 
poses a distinct danger for complex care and research. 
Thus for the university hospital and academia in gen- 
eral, some feel that the new payment rules are certain 
to lead to a décrease in the number of university hos- 
pitals and may provide convenient means for shrinking 
the nation’s entire medical education system. The per- 
case prospective payment concept has some merit be- 
cause it rewards economy rather than consumption. 
The use of the diagnosis related groups on the other 
hand does not appear to be an accurate measure of the 


‘use of hospital resources, and university hospitals suf- 


fer most in systems using them. 

An examination of the New Jersey experience shows 
that it is difficult to add new programs and equipment 
that are necessary to carry out teaching and research. 
Once rates have been established for any given period 
it may be impossible to change them, and when a system 
reaches maturity and in a sense all practical efficiencies 
are realized, new programs can be added only at the 
expense of existing ones. Unfortunately, experimen- 
tation and the unique concerns of university hospitals 
seldom bear fruit immediately. It would be tempting 
to assume this danger is averted when costs of the ac- 
ademic institution are passed on to the consumer under 
the prospective payment system. In this system, differ- 
ent hospitals are paid different prices according to their 
teaching status, presumably for an identical service. In 
the current price comparative area the university hos- 
pital can be expected to become only the last resort for 
care. Academic institutions face a dilemma. If they 
maintain the high and all-inclusive prices they need, 
they will be too expensive for consumers with a choice. 
If they do not maintain these high prices, then they 
lack the support for their special roles. Unfortunately, 


-we do not know the true cost ‘of patient care when 


separated from the cost of other services of the uni- 
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versity hospital, that is, education, research, and tech- 
nology transfer. Who should pay for these costs? The 
answer, obviously, will determine the future of Amer- 
ican medical education. It is surely true that if academic 
institutions continue to be funded through patient care 
income, the university hospital will of necessity become 
less comprehensive and more specialized. Like any 
other hospital, they will identify “product lines” of 
greatest profit to them, that is, the types of care they 
can render competitively. Other cases will be cared for 
elsewhere. The size and nature of the house staff will 
be determined by the service needs of the community 
rather than the dictums from the medical schools. 

One academic institution, The Johns Hopkins Hos- 
pital, 10 years ago began an operation with a manage- 
ment structure designed to control expenditures by 
placing responsibility for cost in the hands of physi- 
clans. Operating responsibilities were shifted to the 
clinical departments. In this structure, the larger hos- 
pital in effect became a holding company for a series 
of specialty hospitals referred to as functional units. 
Each functional unit is headed by a physician-in-chief 
who is also the chairman of that department in the 
school of medicine. Reporting to this chief are a nursing 
director and an administrator. The three function as a 
management team and are accountable for all direct 
cost associated with the operation of the unit including 
services acquired from other departments, such as lab- 
oratory medicine and radiology. This has been effective 
in involving physicians in budgeting and budget man- 
agement, and the process apparently is moving forward 
to allow decentralization of both revenue and expense 
budgeting. This approach recognizes that decisions to 
bring patients into the hospitals, to recommend diag- 
nostic studies, to prescribe treatment, and to discharge 
patients generate the majority of hospital expenses. 
This decentralized management gives the responsibility 
for these decisions to those who make them, the phy- 
sicians. 

Relman" has raised the question “Are teaching hos- 
pitals worth the extra cost?” He points out that the 
average cost per adjusted admission in the more than 
300 major teaching hospitals was approximately twice 
that in nonteaching institutions. When hospitals were 
paid whatever they charged, this difference in cost was 
no problem. However, with Medicare switching to a 
prospective payment system based on fixed payments 
according to diagnosis related groups, teaching hos- 
pitals must cut their cost if they wish to survive. Under 
the present system, there is no distinction between a 
patient in a given diagnosis related group who is treated 
in a nonteaching hospital and one who 1s treated in a 
teaching hospital. However, the indirect cost of the 
house staff and other direct and indirect costs of teach- 
ing and research are dealt with through an added cal- 
culation by a formula based on the number of house 
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officers per bed. There is no recognition of the cost of 
free care in teaching hospitals under this system. It is 
clear, as pointed out by Relman, the special needs of 
the teaching hospitals will no longer be “automatically 
accommodated by a passive reimbursement system.” 
Teaching hospitals must therefore convince the gov- 
ernment and other third-party payers that their unique 
and expensive blend of education, research, and ter- 
tiary care is worth supporting. Relman concludes, “To 
survive, they, the university hospitals will need astute 
leadership and co-operation from the medical staffs.” 

What has been the reaction to these changes in health 
care delivery? Public acceptance of large service orga- 
nizations has always been controversial. Medical care, 
the most personal of services, is undergoing a change 
to corporate status as we have noted. For example, al- 
most one third of long-term renal dialysis is provided 
by one corporation. In addition to the personal nature 
of this service, the life and death aspects are often only 
remotely a matter of foreknowledge. If care is urgent, 
patients go to emergency rooms or tertiary care centers 
and very frequently cannot name their physician. Pa- 
tients often say “I had my surgery at the Mayo Clinic 
or the Massachusetts General,” but no physician’s name 
is recalled. Apparently, confidence at times does reside 
in an institution as well as the individual physician. 

If these medical service organizations are acceptable 
to the public, what effect will this have on the medical 
profession? Obviously, the part of the profession most 
susceptible to change is the pool of new medical grad- 
uates who apparently are more than adequate in num- 
ber and thus face greater competition. The trend to 
medical practice grouping is accelerating so that by the 
end of the 1990s the majority of the physicians may be 
so well organized that the independent practitioner will 
be in the minority. It is suggested that as these groups 
serve larger populations, they may have multiple ser- 
vice sites and in time serve multiple cities. Each site may 
then be headed by physicians who “have best adapted 
to the corporate management style and objectives. The 
physicians who do not conform to the group objectives, 
schedules and standards feel peer pressure and stag- 
nation of reward. Some cannot accommodate to peer 
monitoring and leave.” This is surely reminiscent of the 
plight of Dr. Z in my introductory remarks. 

Medical education has given very superficial atten- 
tion to these changes, anc it would seem to me that 
there must be a thorough discussion and understand- 
ing of the direction that medical schools, residency pro- 
grams, and continuing education programs are headed. 

Public attitudes about health care costs are interest- 
ing. A recent analysis drawn from 15 national public 
opinion polls conducted between 1981 and 1984 is par- 
ticularly relevant. These are the facts regarding health 
care costs. Despite all that is being done to slow growth 
of health care cost in the United States, that is, enact- 
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ment of prospective payment for Medicare (diagnostic 
related groups), increasing enrollment in health main- 
tenance organization groups (now used by 7% of the 
population), hospital rate setting in 12 states and other 
changes, the nation’s health care expenditures will in- 
crease from $322 billion in 1982 to $690 billion in 1990 
and to $1.9 trillion by the year 2000, that is, 14% of 
the gross national product. This means an average in- 
crease of $50 billion a year and a doubling of the na- 
tion’s health spending every 6 years. The impact of this 
on the $200 billion federal deficit, the potential bank- 
ruptcy of Medicare, and the prospect of renewed in- 
flation leading to another recession are seen as major 
problems by our national leadership. This year the 
United States will spend about $1500 per person for 
health care whereas Japan will spend $500, Great Brit- 
ain $400, France $800, and West Germany $900. 

What is the public attitude toward these facts? Briefly 
stated, the public opinion survey showed that Ameri- 
cans want the problem of rising health care cost ad- 
dressed, but they are unwilling to support the adoption 
of any solution that would produce a dramatic change 
in their own medical care arrangements. The majority 
of Americans polled are not in favor of giving up their 
own personal physicians for care delivered by low-cost 
physician groups. In fact, a major reason why many 
Americans choose not to join health maintenance or- 
ganizations is their reluctance to break ties with their 
family physician. On the other hand, the public seems 
to be quite enthusiastic about requiring low-income 
people to use less costly clinics or health maintenance 
organizations. The message seems to be “reorganize the 
nation’s health care for others, but don’t change my 
own health care arrangements.” 

What can be done about this situation? Leaf" notes 
that with medical cost now in excess of 10% of the gross 
national product, health care encroaches on support 
for other needs. Virtually all thoughtful studies indicate 
that decisions by physicians determine between 70% 
and 80% of all personal medical expenses and thus 
physicians are the key in setting priorities. However, 
nothing in medical tradition, training, or experience 
gives them any expertise to act wisely in making these 
choices. As Leaf has noted, “On the one hand they have 
the tradition of exclusiveness of the patient physician 
relationship and the physician’s concerns solely for the 
patient’s welfare. On the other hand, society is paying 
the bill, not the patient. By making medical decisions, 
especially those involving the use of costly technology, 
physicians may be torn between serving the interests of 
the individual] and serving those of society. They have 
responsibilities to both.” 

Egdal!"* notes that physicians are being compelled by 
regulatory initiatives and competition from health 
maintenance organizations and other alternative deliv- 
ery systems to reexamine traditional practice routines. 


Academia—An endangered species 191 


It is clear that there are dangers associated with un- 
necessary hospitalization including the development of 
nosocomial infections and occurrence of iatrogenic 
events in hospital environments. Hospitalization ob- 
viously is the logical target of efforts to maintain the 
health care dollar because it is the major component of 
health care cost. 

A number of studies have suggested that high sur- 
gical rates can be modified by informational and edu- 
cational programs. One such study showed the effect 
of outside surveillance on the rate of hysterectomies in 
Saskatchewan. The proportion of unjustified hyster- 
ectomies as defined by an advisary committee was 
23.7% at the time of the first review and dropped to 
7.8% at the time of the second review 4 years later. 
There are wide variations in surgical rates and this does 
not suggest that surgeons with a higher rate of surgical 
procedures are practicing poor medicine, but it does 
mean that in a cost-containment environment surgeons 
who do not fit the consensus criteria may feel some 
pressure to justify their admitting patterns, given the 
dangers and expenses of hospitalization. 

Egdall'® suggests that these savings will come at a 
price, and indeed one of his suggestions certainly will 
not be welcomed by hospital administrators. He be- 
lieves that true cost management must involve shrink- 
age of the hospital system or use of freed-up capacity 
resulting from improved practice efficiency to accom- 
modate the needs of our aging population rather than 
creation of additional capacity. This combined with in- 
centives for surgeons to practice more efficient strat- 
egies to strengthen the hospital system as occupancy 
falls will in his view provide the basis for major com- 
munity cost containment. 

I believe that the important issues in medical practice 
today include not only the impact of the for-profit 
movement, but also the trend toward abdication of re- 
sponsibility and what I call the treatment imperative. 
It is the rule rather than the exception that patient care 
is associated with divided responsibility. This is true in 
group practices and even in the daily surgical rounds 
and follow-up management. One can justify these prac- 
tices in the name of better patient care, accessibility, 
and physician alertness. This platoon system is effective 
in sports in which it is a question of physical stamina 
and specialized assignments, but the question of con- 
tinuity of a process or responsibility is not addressed. 
I believe it is essential particularly in surgical practice 
for the operating surgeon to assume full responsibility 
for the procedure. The litigious attitude of our present 
society attests to the fact that patients are not entirely 
happy with this division of responsibility and lack of 
continuity by their personal physician. 

The treatment imperative is particularly subtle. It is 
the direct result of the newer modalities in treatment 
with expanded use of chemotherapy and experimental 
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protocols and also the development of the superspe- 
cialist. Extra training implies a necessity to practice what 
has been learned regardless of the quality of life or the 
economic impact. The very nature of specialization pre- 
vents the physician from viewing his or her actions at 
a distance. Instead we have the dogma of the training 
programs—a confidence often based on inexperience 
and the mysterious language of the clinical trial, p val- 
ues, and prospective randomized, double-blind studies. 
This patient is not Mrs. Jones, she is F 103. These 
studies are necessary, but they have taken a life of their 
own and frequently obscure obvious medical facts and 
certainly ethics. 

If academia is to survive in this changing medical 
environment, colleges must emphasize broad intellec- 
tual accomplishments rather than a trade school, bio- 
chemical approach. Intellectual curiosity, familiarity 
with the spoken and written word, and yes, manners 
are important. Medical school deans and admission 
committees must revise their criteria for admission to 
include those candidates with a genuine interest in peo- 
ple and patient care in addition to their intellectual 
achievements as measured by the Medical College Ad- 
mission Test and their grades. Specialty boards must 
take a careful look at what they have accomplished. Has 
the superspecialist become the intellectual automaton 
acting only on the basis of what he is trained to do for 
the patient? It is important for us to remember that 
the pelvic surgeon to women must not be the ambi- 
dextrous product of a technical assembly line pro- 
grammed for increasingly narrow medical skills and 
intellectual curiosity. 

Earlier, I discussed the social conditions of a hundred 
years ago, the oversupply of physicians, and the in- 
creasing dichotomy between the hospital-based physi- 
cian and the family practitioner. The present drive to- 
ward superspecialization, divided responsibility, and 
the rapid growth of for-profit medical facilities may 
dissuade the public from any long-range approaches 
to the problem of rising health care costs including 
dramatic medical breakthroughs and major positive 
changes in life-style. They will instead move to short- 
term solutions—regulation including capital invest- 
ment controls, state hospital rate setting, and reim- 
bursement controls, competition with the restructuring 
of health insurance benefits, and the development of 
alternative health plans and preferred provider orga- 
nizations that will severely penalize academic institu- 
tions and tertiary centers leading to the demise of ac- 
ademic medicine. 

None of us has all the answers to control increasing 
health cost and in particular, hospital care. It 1s clear 
that some medical benefits will have to be withheld, at 
least for some patients. Given this possibility, who will 
decide which patient is entitled to treatment and what 


January 1987 
Am J] Obstet Gynecol 


criteria will be used to make this choice? This limitation 
of medical resources places physicians in an awkward 
situation. Neither our training nor our long cherished 
code of ethics prepare us to make such decisions in 
economic terms. 

I began this essay by discussing the plight of physi- 
cians at the turn of the century. It is interesting that in 
a survey of the health care system in Britain, philan- 
thropy continues to play an important role in selected 
fields of health care, particularly the donation of ex- 
pensive medical equipment such as the computerized 
tomographic scanners and the like. Also because of 
dissatisfaction on the part of the private practitioner, 
the national health service hospitals retain a few beds 
for paying patients and the system permits its consul- 
tants to have part-time private practice. It appears that 
we have come full circle and perhaps the lessons of the 
past will lead us toward a solution of this fiscal and 
ethical dilemma. We must not be committed to one or 
another proposal as the only solution to rising health 
care costs. Our allegiance to a single solution stands in 
the way of a national effort to solve this problem, We 
must build a consensus around a cost-containment pro- 
gram that realistically reflects public opinion and sat- 
isfies the professional and ethical concerns of physi- 
clans. Failure to act promptly and decisively surely will 
hasten the demise of academia—the foundation on 
which effective health care must stand. 
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Effect of low-dose aspirin on angiotensin II pressor response 


in human pregnancy 


Luis Sanchez-Ramos, M.D., Mary Jo O’Sullivan, M.D., and Jose Garrido-Calderon, M.D. 


Miami, Florida, and Santo Domingo, Dominican Republic 


Recent clinical studies have reported a significant reduction in the incidence of pregnancy-induced 
hypertension after the ingestion of low-dose aspirin. The effect of 80 mg of acetylsalicylic acid on vascular 
sensitivity to exogenous angiotensin Il (Hypertensin, Ciba-Geigy Limited, Basel, Switzerland) was 
examined in 13 normotensive pregnant patients. The effective pressor dose before treatment (17.4 + 2.2 


ng/kg/min) (mean + 


+ SE) was significantly less (p’< 0.001) than that after treatment (35.1 + 4.2 


ng/kg/min). Low-dose aspirin therapy resulted in an enhancement of the pregnaney-acquired refractoriness 
to angiotensin Il. It can be speculated that prostglandin synthetase inhibitors’ at a low dose may alter the 
thromboxane A,/prostacyclin ratio in favor of the latter. (AM J OBSTET GYNECOL 1987;156:193-4.) 


Key words: Angiotensin II sensitivity, preeclampsia, aspirin 


During normal human pregnancy, as early as the first - 


trimester, there is marked refractoriness to the pressor 
effects of infused angiotensin II. In women destined 
to develop pregnancy-induced hypertension, this re- 
fractoriness is lost as early as 22 weeks’ gestation. 
Why refractoriness to angiotensin II occurs is un- 
known. It has been suggested that this refractoriness is 
prostaglandin mediated. Studies with the use of mod- 
erate doses of prostaglandin synthetase inhibitors be- 
fore and after angiotensin II infusion in pregnant 
women have shown a significant decrease in the effec- 
tivé pressor dose of angiotensin II, demonstrating 


increased angiotensin II sensitivity in all patients — 


studied .** 

Low-dose aspirin is capable of inhibiting | thrombox- 
ane A, production with minimal effect on the synthesis 
of prostacyclin, thus possibly restoring a critical throm- 
boxane- -prostacyclin balance.’ 

Recent studies have shown that aspirin may prevent 
pregnancy-induced oe by inhibiting: throm- 
boxane A, production.® 7 

The purpose of this study was to pursue whether 
low-dose aspirin would affect angiotensin IJ sensitivity. 


Material and methods 


Thirteen primigravid women participated in the 
study. They were all 28 to 34 weeks’ gestation and had 
no eyidence of hypertension or of cardiac or renal dis- 
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ease. The patients were recruited from the antenatal 
clinics at the Maternity Hospital of the Dominican In- 


stitute for Social Services in Santo Domingo, Dominican 


Republic. Informed consent was obtained from all pa- 
tients after the study was formally approved by the 
Maternity Hospital’ s- Committee on Human Investi- 
gation., 

The patients were placed in a quiet room in the left 
lateral position for the duration-of the study. Blood 
pressure measurements were obtained every 5 minutes 
until a stable diastolic pressure was achieved for 15 
minutes, by means of a standard sphygmomanometer 
on the left upper arm. The first and fifth sounds of 
Korotkoff were recorded as the systolic and diastolic 
pressure, respectively. An infusion of angiotensin II 
(Hypertensin, Ciba-Geigy Limited, Basel, Switzerland) 
was administered with an infusion pump (Model No. 
1001, MED Fusion Systems, Inc., Norcross, Georgia). 
The infusion contained 50 yg of angiotensin II in 50 
ml of 5% dextrose in water (1 pg/ml) and was started 
at a rate of 4 ng/kg/min. The dose was increased by 
small increments every 5 minutes until the minimum 
amount of angiotensin IJ that increased the diastolic 
pressure by 20 mm Hg was reached (the effective pres- 
sor dose). | 

When the effective pressor dose was established and 
maintained for 2 to 3 minutes, the angiotensin infusion 
was discontinued and the diastolic blood pressure was 
allowed to return to its baseline value. Confirmation of 
the effective pressor dose was established by restarting 
the angiotensin II infusion at the same rate that had 
previously elicited a 20'mm Hg increase in the diastolic 
pressure. i. en 
- After the validity of the pretreatment effective pres- 
sor dose of angiotensin II was established, the infusion 
was discontinued and each patient was given 80 mg of 
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Table I. Effect of low-dose aspirin (80 mg) on 
the angiotensin II pressor dose in 13 
pregnant subjects . 





Angiotensin II 
pressor dose 
(ngikgimin) 











Gestational age 
(wh) 





I 34 8.4 19.6 

2 30 7.0 14.0 

3 28 21.2 54.0 

4 32 13.6 29.2 

5 29 19.6 36.4 

6 28 8.4 31.6 

7 31 22.8 39.2 

8 34 20.4 38.2 

9 33 11.2 19.6 

10 29 19.6 . 28.0 

1] 32 33.6 59.6 

12 29 28.0 61.6 

13 31 12.6 25.3 

Mean 17.2 35.1 

SEM +92.2 +4.2 
p < 0.001 


aspirin. Two hours later, the angiotensin II infusion 
was restarted to establish the effective pressor dose af- 
ter low-dose aspirin in the same manner as before the 
treatment. 


Results 

Thirteen primigravid women, 28 to 34 weeks’ ges- 
tation, were studied before and after the administration 
of low-dose aspirin (80 mg). The effective pressor 
dose of angiotensin II in each of these patients was 
greater after treatment than before. The mean + 
SEM pretreatment value of the group was 17.4 + 
Z2 ng/kg/min and increased to 35.1 + 4.2 ng/kg/min, 
which is significantly greater than pretreatment levels 
(p < 0.001). Each patient studied demonstrated a 
blunted pressor response with low-dose aspirin (Ta- 
ble I). 


Comment 


The results of the present study demonstrate a sig- 
nificant decrease in angiotensin pressor responsiveness 
(increased refractoriness) 2 hours after oral adminis- 
tration of 80 mg of aspirin to apparently normal pri- 
migravid women in the third trimester of pregnancy. 
This is in contrast to previous reports that found en- 
hanced sensitivity to angiotensin II mae higher doses 
of prostaglandin synthetase inhibitors.* 

This discrepancy may be due to selective inhibition 
of platelet-derived thromboxane A, by low-dose aspirin 
in contradistinction to the inhibition of both throm- 
boxane Ag, and prostacyclin with higher doses of pros- 
taglandin synthetase inhibitors. Aspirin, 240 mg/day, 
inhibits both vascular wall prostacyclin production and 
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platelet thromboxane production, but the effect of as- 
pirin on thromboxane Ag is greater.” ° 

Alterations in the production of prostaglandins may 
play an important role in the pathogenesis of preg- 
nancy-induced hypertension. An imbalance in oppos- 
ing actions of thromboxane A, and prostacyclin on 
platelet aggregation and vessel tone may be responsible 
for some of the clinical and laboratory manifestations 
of preeclampsia. Thromboxane A, is a potent vasocon- 
strictor and stimulator of platelet aggregation by the 
placenta and platelets, whereas prostacyclin is a vaso- 
dilating agent with opposing effects on platelet activity.’ 
Enhanced sensitivity to angiotensin H, causing de- 
creased refractoriness, may be the first sign of such an 
imbalance, which is tilted tn’ favor of thromboxane As. 
Unfortunately serum and/or urinary levels of the prin- 
cipal metabolites of thromboxane and prostacyclin were 
not determined in the clinical studies cited or in any of 
the reports, including ours, on the effects of prosta- 
glandin synthetase inhibitors on the pressor response 
to angiotensin II. We are currently undertaking such 
a project. 

This study serves to strengthen the theory that preg- 
nancy-related refractoriness to angiotensin II may be 
mediated by the action of prostaglandins and suggests 
the possibility that low-dcse aspirin may affect’ pros- 
taglandin imbalances and thus contribute to the re- 
duction of the sensitivity to vasoactive agents charac- 
teristic of preeclampsia. | 
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Deoxyribonucleic acid hybridization analysis for the detection 
of rogeaital Chlamydia trachomatis infections in women 
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The presence of Chlamydia trachoiatis—relatod deoxyribonucleic acid sequences in endocervical 
specimens of 317 women was analyzed by deoxyribonucleic. acid hybridization techniques with 
deoxyribonucleic acid from C. trachomatis used as probes. ‘Samples from 56 of 172 high-risk patients - 
(32.6%) and-16 of 145 low-risk patients (11.0%) contained C. trachomatis—rélated .deoxyribonucleic acid 
sequences. Direct detection of chlamydial antigen with enzyme-linked immunoassay on the same patients 
yielded positive rates of 26. 3% and 7.3% for the high- and low-risk patients, respectively. C. trachomatis 
culture corifirmed 86:3% of deoxyribonucleic acid—positive results and 84.0% of antigen- ‘positive results. 
The overall sensitivities of chlamydial deoxyribonucleic acid arid antigen assays were 91 7% and 68.8%, 
respeciively, whereas the specificities were 95.3% and 94.7%. Results also suggested that the test of the 
C. trachomatis deoxyribonucleic acid correlated better with the female urogenital chlamydial infections than 
did the antigen test of C. trachomatis. The combined. results of higher sensitivity ‘in detecting the 
microorganism and better correlation with disease activity may make the deoxyribonucleic acid 
hybridization test a useful tool for the early and accurate diagnosis of C. trachomatis infections in female 


patients. (AM J Osstet GyNecoL 1987;156:195-9. ) 


Key words: Chlamydia trachomatis, female ürogenital infection, deoxyribonucleic acid 


hybridization, deoxyriboriucleic acid probe 


Infections caused by Chlamydia trachomatis, now tec- 
ognized as the most prevalent of all sexually transmitted 
diseases, are very damaging and can result in a wide 
range of diseases including trachotha and lympho- 
granuloma venereum." Men, women, and infants are 
all affected, but women bear a disproportionately heavy 
burden because of their increased risk for other adverse 
reproductive consequences. In women, C. trachomatis 
inay cause mucdpurulent cervicitis and urethral syn- 
drome in the lower urogenital tract and endometritis 
and salpingitis in the upper urogenital tract, These-in- 
fections can also result in sterility and other compli- 
cations during pregnancy. Although chlamydial in- 
fections can now be effectively treated with antibiotics, 
one of the most difficult aspects of controlling chla- 
mydial infection in women is-that unrecognized and 
misdiagnosed chlamydial infections in women are com- 
mon. It has been suggested that a substantial portion 
of women infected with chlamydiae may be asymp- 
tomatic.” ® 
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Chlamydiae possess a unique development cycle. Al- 
though they are now classified as bacteria, they share 
many properties with viruses. Chlaniydiae are obliga- 
tory intracellular parasites and depend on the energy 
supply of the host cells to grow.® For this reason, culture 
of chlamydiae is laborious and requires tissue culture 
tecliniques and facilities. Time and expenses are in- 
creased further when subculturing is needed, which is 
quite often. Therefore the culture method has not be- 
come routine procedure in the laboratory diagnosis of 
chlamydial infection. Direct .éytologic staining is avail- 
able, but it has only limited applications. because of its 
lacking of specificity and it requires a considerable 
amount of experience if false positive and false negative 
results are to be avoided. In’ recent years, antigen de- 
tection methods, such as direct-smear E 
cence staining tests’ and enzyme- -linked i intimunoassays,* 
have improved rapidly; these offer an alternative to the 
conventional culture and cytologic staining thethods 
and open the door to further i investigation of the broad 


_ spectrum of diseases caused by this microorganism: 


In the following text, we report the use of deoxyri- 
bonucleic acid (DNA) fragments from the human 
biovar strain of C. trachomatis in a DNA hybridization 
test on clinical specimens to determitie its value as a 
reliable culture-independent diagnostic test in the de- 
tection of chlamydial infection. The DNA hybridization 
test was found to have compared favorably with the 
conventional culture and antigen results. 
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Fig. L Autoradiographs of the chlamydial DNA slot blot 
hybridization test of endocervical, samples. Shown here are 
the DNA results of 60 patients participating in this study. 
Specimens were treated and handled according to the pro- 
cedures outlined in Material and methods. The actual size of 
each slot was 0.75 by 8 mm, or 6 mm’. Slots A and B were 
positive controls of 20 and 2 pg of chlamydial DNA, respec- 
tively. 


Material and methods ` 


Study protocol. Individuals visiting the paien 
clinic of the Department of Obstetrics and Gynecology 
of the Chang Gung Memorial Hospital in Taipei, Tai- 
wan, were recruited for this study. A total of 172 pa- 
tients who had signs or complaints of one or more of 
the following symptoms were included in the high-risk 
group: primary infertility (65 patients), urethritis or 
urethral syndrome (29 patients), cervicitis (10 patients), 
cervical erosion (nine patients), pelvic inflammatory 
disease (53 patients), tubal disorders (15 patients; 12 
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confirmed by laparoscopy and three suspected), pri 
vious ectopic pregnancy (six patients), recurrent or hi 
bitual abortions (24 patients), and previous stillbirth c 
neonatal death (three patients). Another 145. patien 
who were matched in.age and in marital and socioecc 
nomic status and who visited the clinic for reasons othe 


than those listed above’ were selected as the lov 


risk group. Informed consent was obtained from a 
patients. | 

Laboratory procedures.. Two endocervical andi 
urethral swabs \ were collected with the STD-EZE swz 
(Abbott Laboratories, Inc., North Chicago, Illinois). E: 
tracts from the swabs were pooled and divided in 
three equal portions for chlamydial DNA, antigen, an 
culture analysis. Blood samples were also drawn f 
antichlamydial antibody determination. Chlamydial a: 
tigen was determined by the enzyme-linked immun 
assay kit Chlamydiazyme, commercially obtained fro) 
Abbott.’ Antichlamydial antibody was assayed wit 
an enzyme-linked immunoassay kit obtained .frot 
Exdevelop Pharma, Täby, Sweden. Chlamydial DNA i 
the endocervical swab was determined by a modifie 
DNA:DNA hybridization technique that we have pr 
viously used for the quantitation of hepatitis type 
virus DNA,” which was based on methods initially d 
scribed by others.” Briefly, a purified cloned chlamydi 
plasmid DNA of 6.7 kilobases, pLGV125,"'. consistin 
only of the chlamydial plasmid. genome was used : 
probe. This DNA was originally cloned by Dr. St 
ven H. Larsen of Indiana University School of Medicir 
and was kindly made av ailable to us. Alternatively, 
cloned DNA coded for the major outer membrane pri 
tein of C trachomatis serovar L2, pFEN207, 2 obtaine 
from Dr. F. É. Nano of Rocky Mountain Laboratori 
was used as a probe. The DNA probe was labeled wit 
[alpha-**P]-deoxycytidine 5’-triphosphate by nick tran 
lation of the purified chlamydial DNA to approximate 
1 x 10° cpm per microgram of DNA. DNA from e! 
docervical material was extracted with phenol and di 
natured with 40 yl of sodium hydroxide, 2 mol/L, an 
sodium chloride, 2 mol/L, for 10 minutes at room ten 
perature. Then 75 pl of Tris hydrochloride, 1 mol/] 
pH: 7.4, arid sodium chloride, 4 mol/L, was added 1 
neutralize the reaction mixture, Each specimen Wi 
deposited on a 0.45 um pore size nitrocellulose men 
brane filter sheet through wells of a microsample fi 
tration manifold under vacuum (BA85 and Min 
fold II, both from Schleicher and Schuell, Inc.; Keen 
New Hampshire). After loading, the nitrocellulose filte 
was gently removed from the manifold under conti: 
ued vacuum, blotted, air dried, and baked at 70° C fc 
2 hours in vacuo. DNA hybridization was performe 
at 65° C with about 2 x 10’ cpm of the labeled DN 
used as probe for each filter of 63.by 228 mm in siz 
After prehybridization and. hybridization, the filte 
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Table I. Prevalence of chlamydial DNA, antigen, culture, and antichlamydial antibody in high- and 
low-risk women 





Overall 






Type of assay 
Chlamydia DNA 56/172 32.6* 16/145 1107 72/317 22.7 
Chlamydia antigen 35/133 26.37 9/124 toy 44/257 17.) 
Chlamydia culture 39/106 36.8 9/92 9.8 48/198 24.2 
Antich-amydia antibody 29/152 19.1§ 18/117 15.4§ 47/269 17.5 


Percentages represent prevalence, which is equal zo number of patients with positive results per number tested in each assaj 
and patient group. 

#y? = 20.68, p < 0.001. 

tx? = 16.35, p < 0.001. 

tx? = 19.55, p < 0.001. 

$x? = 0.61, p< 0.5. 


Table II. Sensitivity and specificity of Chlamydia trachmatis DNA and antigen assays 





| Sensitivity* Specificityt 
DNA assay High 89.7 35/39 97.0 65/67 
Low 100.0 9/9 94.0 78/83 
Overall 91.7% 44/48 95.3 143/150 
Antigen assay High 74.4 29/39 95.5 64/67 
Low 44.4 4/9 94.0 78/83 
Overall 68.8} 33/48 94.7 142/150 


*Sensitivity = number of samples that were DNA and culture positive or antigen and culture positive per number of samples 
that were culture positive. 
{Specificity = number of samples that were DNA and culture negative or antigen and culture negative per number of samples 


that were culture negative. 
ty’? = 7.94, p < 0.01. 


were washed sequentially in 2X SSC, 0.1% sodium do- 
decyl sulfate, 30 minutes twice at room temperature 
(1X SSC = sodium citrate, 15 mmol/L, and sodium 
chloride, 150 mmol/L, pH 7.0); 0.1X SSC, 0.1% sodium 
dodecyl sulfate, also 30 minutes twice at room temper- 
ature; and 0.1X SSC, 0.5% sodium dodecyl sulfate, 30 
minutes twice at 65° C. Filters were then air dred and 
autoradiographed for 24 to 48 hours. After autoradi- 
' ography, the filters were cut out and counted ina liquid 
scintillation counter. The amount of chlamydial DNA 
in the swab samples was calculated according to the 
chromic pnosphate P 32 counts obtained from a series 
of dilutions of purified chlamydial DNA prepared from 
a stock of known concentration and hybridized to the 
probe DNA on the same filters. The sensitivity of de- 
tection of our method was determined to be approxi- 
mately 1.0 pg of chlamydial DNA. For the purpose of 
analyzing the results, a DNA concentration readout of 
22.0 pg was interpreted as a positive result in thas study 
(Fig. 1). 

Culture for chlamydia was performed with the use 
of cycloheximide-treated McCoy cell monolavers as de- 
scribed in detail elsewhere.” 


Results 


The incidence of endocervical chlamydia with the 
DNA, antigen, and culture techniques as well as the 
finding of serum antichlamydial antibody is shown in 
Table I. The incidences displayed by the high-risk pa- 
tients were significantly higher than those from the low- 
risk group in three of four categories, excepting an- 
tichlamydial antibody, where the difference between 
the high- and low-risk groups was not significant. The 
overall positive rates for DNA and culture were close, 
and both were significantly higher than the positive rate 
for chlamydial antigen (Table I). The two DNA probes, 
pLGV125 and pFEN207, gave essentially the same re- 
sults. The mean age of the infected participants, based 
on either the DNA, antigen, or culture findings, did 
not differ significantly from the mean age of those who 
were not infected. 

A comparison of sensitivity and specificity of the 
DNA and antigen tests is presented in Table II. The 
overall sensitivity was 91.7% for the DNA test and 
68.8% for the antigen test (p < 0.01). On the other 
hand, the DNA and antigen tests showed equally high 
degrees of specificity. The overall specificity was 95.3% 


t 
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for the DNA test and 94.7% for the antigen test. On 
the basis of an average incidence of 22.7% for the DNA 
test and 17.1% for the antigen test, the predictive values 
of positive results were 86.3% and 84.0% for the DNA 
and antigen tests, respectively. For negative results, the 
predictive values were 97.3% and 90.4%. 

For 198 patients with a complete set of DNA, antigen, 
and culture test results available, the discordance be- 
tween culture results and those of antigen and DNA 
was analyzed. (1) Of the 150 culture-negative patients, 
eight were found to be antigen positive and seven were 
DNA positive. The chlamydial DNA concentrations in 
the endocervical specimens of these seven patients were 
below 20% of the mean DNA concentrations of all pa- 
tients tested, and four of these seven patients re- 
sponded to treatment. The endocervical chlamydial 
DNA tests became negative 2 weeks after the patients 
were treated with Vibramycin. If these four patients 
were infected, the resolved sensitivity of the DNA test 
would be 92.3% instead of 91.7% (Table II). (2) Among 
the 48 culture-positive patients, as many as 15 were not 
recognized by the chlamydial antigen test, and four 
were negative for the DNA test. Of these 15 culture- 
positive/antigen-negative patients, 14 were found to 
have chlamydia on DNA testing. (3) Fourteen of 21 
patients who were antigen negative but had chlamydial 
DNA were confirmed to have chlamydial infection on 
the basis of culture results. On the other hand, only 
three of 11 patients who were antigen positive but with 
no DNA in the endocervical specimens had confirma- 
tion of chlamydiae by culture. 


Comment 


Several lines of evidence indicated that the higher 
sensitivity of the DNA method was accompanied by a 
better reflection of the actual disease status: (1) Chla- 
mydial DNA sequences could be detected in none of 
the specimens from the eight patients with false positive 
antigen results; (2) specimens from 14 of the 15 patients 
with false negative antigen results (93.3%) contained 
chlamydial DNA; (3) the respective culture confirma- 
tion rates for the patients with chlamydia antigen-neg- 
ative/DNA-positive and antigen-positive/DNA-negative 
results were 66.7% (14 of 21) and 27.3% (3 of 11) 
(x? = 4.36, p < 0.05). The possibility of using the DNA 
probe to detect chlamydiae in clinical specimens such 
as endocervical materials was further supported by the 
report that the chlamydial plasmid DNA used here as 
a probe, pLGV125, had extensive homologous DNA 
sequences in all 15 C. trachomatis serovars." In addition, 
little if any DNA homology could be detected with bac- 
teria of other genera that were likely to be present in 
locations where chlamydiae might be found.”* 

The 68.8% overall sensitivity achieved by the en- 
zyme-linked immunoassay (Chlamydiazyme, Abbott) 
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that detects an antigen of C. trachomatis was lower than 
what has been reported by others.* We could not rule 
out the possibility that this discrepancy was due to the 
presence of a different but very closely related antigen 
in our patient population. However, this discrepancy 
did not seem to be related to the reported cross-reac- 
tivity between Chlamydiazyme and organisms other 
than chlamydiae."* 

Historically, time-consuming and expensive tissue 
culture techniques were required to definitively diag- 
nose most C. trachomatis infections. Despite recent rapid 
and profound improvements in the antigen and anti- 
body detection systems, these tests are not ideal, mainly 
because of their sensitivity and their lack of complete 
correlation with the disease activity. The usefulness of 
DNA: DNA hybridization has been recognized recently 
in the identification of a number of microorganisms 
and is particularly helpful in cases of infectious agents 
that are traditionally difficult to culture. The DNA hy- 
bridization system used here seemed to have higher 
sensitivity, without compromising specificity, in the de- 
tection of chlamydial infection when compared with the 
commercially available enzyme-linked immunoassays. 
Assuming a plasmid DNA length of 6.7 kilobases and 
10 copies of plasmid molecules per chlamydia genome 
equivalent," a sensitivity of 2 pg represents a level of 
detection of about 30,000 chlamydia genome equiva- 
lents. When the number of elementary and reticulate 
bodies in each infected cell is considered, the minimal 
number of infected cells needed for detection by the 
DNA probe system will actually be even lower. Such 
higher sensitivity could offer earlier detection and 
treatment of subclinical or latent chlamydial infections 
in women, many of whom were asymptomatic, thus 
reducing the incidence of serious complications and 
sequelae. It also opened new doors for the detection of 
chlamydial infections under other clinical conditions, 
such as during pregnancy. Chlamydial infection during 
pregnancy may lead to both serious sequelae in the 
mother and infections such as pneumonia or eye in- 
fection in infants. 

In summary, results of the chlamydial DNA hybrid- 
ization test showed a higher sensitivity than the antigen 
detection method in the diagnosis of chlamydial infec- 
tions and correlated highly with the disease activity in 
our patient population. The results of our study indi- 
cated that the DNA hybridization test will contribute 
significantly to the early and accurate diagnosis of uro- 
genital chlamydial infections in women. 


We thank Dr. Delon Wu and Dr. Chau-Hsiung 
Chang for their interest and encouragement during 
this study. Appreciation is also expressed to Miss 
Wen-Ling Yang and Miss Ruey Ken for their technical 
assistance. 
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Divergent effects of two low-dose oral contraceptives on sex 
hormone—binding globulin and free testosterone 


Claudia Jung-Hoffmann, M.D., and Herbert Kuhl, Ph.D. 
Frankfurt am Main, Federal Republic of Germany 


` The effect of a triphasic combination of ethinyl estradiol and levoncrgestrel on the serum concentrations of 
total testosterone, free testosterone, and sex hormone—binding globulin as measured directly by 
radioimmunoassay and on the binding capacity of sex hormone—binding globulin was compared with that 
of a preparation containing ethinyi estradiol and desogestrel. Blood samples were taken on days 6, 11, 21, 
and 28 of a control cycle, the third cycle of treatment with either ethinyl estradiol—-levonorgestrel or ethinyl 
estraciol-desogestrel (11 volunteers each), the third cycle of a 3-month washout period, and the third 
treatment cycle after crossover change of the préparations. There was a significant reduction in total 
testosterone by 16% during treatment with both preparations. Ethiny! estradiol—desogestrel increased the 
concentration (+ 175%) and bindig capacity {+ 330%) of sex hormone~—binding globulin to a much greater 
extent than with ethinyl estradiol-levonorgestrel (+92% and + 160%). Contrary to this, a significant 
suppression of non-protein-bound testosterone by 35% was found during treatment with both oral 
contraceptives. The results demonstrate that an excessive elevaticn of the levels of sex hormone—binding 
globu!in above the normal range does not cause a corresponding suppression of free testosterone. It is 
assumed that the decrease in the apparent binding affinity of high sex hormone—binding globulin 
concentrations to testosterone may be due to protein-protein interactions. (Am J OBSTET GYNECOL 
1987;156:199-203. 


Key words: Low-dose oral contraceptives, sex hormone—binding globulin, testosterone, 
free testosterone 
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Non—protein-bound testosterone, which is assumed 
to be the biologically active testosterone fraction in se- 
rum, is a function of total testosterone and sex hor- 
mone—binding globulin (SHBG) levels. It was found 
that the calculation of the ratio of testosterone to SHBG 
(“free androgen index”), when compared with total tes- 
tosterone, provides a more reliable parameter in as- 
sessing androgen status in hirsute women.'-? Treatment 
with ethinyl estradiol was found to increase SHBG con- 
centrations in a dose-dependent manner while andro- 
gens and nortestosterone-derived progestogens exert a 
suppressive effect. Therefore, treatment of hirsute 
women with suitably composed oral contraceptives was 
recommended for the improvement of androgenetic 
manifestations.” 

It has been suggested that the extent of elevation of 
SHBG correlates negatively with the free testosterone 
level and positively with the clinical effect.‘ Conse- 
quently, it has been claimed that oral contraceptives that 
cause an excessive increase in serum SHBG should be 
the first choice for women with symptoms of hyper- 
androgenism of ovarian origin. The free androgen in- 
dex, however, is a derived value, and there is some 
doubt whether this holds true. 

In contrast to desogestrel, levonorgestrel has been 
shown to counteract in a dose-dependent way the stim- 
ulatory effect of ethinyl estradiol on hepatic SHBG pro- 
duction.” As we are capable of measuring directly the 
serum concentrations of free testosterone, total testos- 
terone, and SHBG by means of radioimmunoassays, 
we investigated the effect on these parameters of a 
triphasic combination of ethinyl estradiol and levonor- 
gestrel and a preparation containing ethinyl estradiol 
and desogestrel, which is known to increase SHBG 
levels excessively. 


Material and methods 


Subjects. Twenty-two healthy volunteers, aged 24 to 
35 years, participated in the study. Informed consent 
was obtained. The women had not used hormonal con- 
traceptives for at least 3 months before the study and 
were not receiving pharmacologic therapy that would 
interfere with the study. An internal gynecologic ex- 
amination, including a Papanicolaou smear, was carried 
out before the selection of the subjects. During a control 
cycle preceding the study, ovulation was confirmed to 
have taken place by the determination of the serum 
progesterone level (>3 ng/ml) on days 19 to 22 of the 
cycle. 

Preparations. The combined triphasic preparation 
contained 30 yg of ethinyl estradiol plus 50 wg of le- 
vonorgestrel (6 days), 40 yg of ethinyl estradiol plus 
75 wg of levonorgestrel (5 days), and 30 pg of ethinyl 
estradiol plus 125 wg of levonorgestrel (10 days) (Tri- 
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quilar, Schering AG, Berlin, Federal Republic of Ger 
many). The other comb:ned preparation contained 31 
we of ethinyl estradiol plus 150 wg of desogestrel (2 
days) (Marvelon, Organon GmbH, Oberschleissheim 
Federal Republic of Germany). 

Study design. Single blood samples were obtaine: 
on days 6, 11, 21, and 2€ of the control cycle precedin: 
the first treatment cycle (Control 1). Eleven wome) 
were randomly assigned to use at first the triphasi 
ethinyl estradiol—levonorgestrel preparation and an 
other 11 volunteers were designated to use the ethiny 
estradiol—desogestrel preparation, each for 3 months 
The randomization procedure was carried out b 
means of a random permutations table, the odd num 
bers being assigned to che first group and the eve: 
numbers to the other. The first treatment perioi 
was followed by a washout period of 3 months (Con 
trol 2). Thereafter the contraceptive preparations wer 
changed in a crossover fashion; that is, the first grou] 
was now assigned to use the ethinyl] estradiol—desoges 
trel contraceptive for 3 months, and the second group 
the triphasic ethinyl estradiol~levonorgestrel prepa 
ration. Single blood samples were also taken at 8:00 ar 
on days 6, 11, 21, and 28 of the third treatment cycle 
the third washout cycle, and the third treatment cycl 
after the crossover of the preparations. 

Laboratory methods. After centrifugation of th 
blood samples, the serum was frozen and stored a 
— 20° C until laboratory analyses. Serum concentration 
of testosterone were measured by means of a “direct 
radioimmunoassay kit supplied by Sorin Biomedic: 
(Hamburg, Federal Republic of Germany). The assa 
range was 0,87 to 34.7 rmol/L; the mean intra-assa 
coefficient of variation, 7.2%; and the mean inter 
assay coefficient of variation, 8.1%. Cross-reaction 
were as follows: 5a-dihydrotestosterone, 7.2%; andro 
stenedione, 0.8%; dehydroepiandrosterone, 0.036% 
5a-androstan-3a,17B8-diol, 0.03%; and other steroids 
<0.02%. 

Serum concentrations of SHBG were determiner 
with the use of a “liquid-phase” immunoradiometri 
assay kit supplied by Farmnos Diagnostica (Oulunsalc 
Finland). The assay range was 6.25 to 100 nmol/L; th 
mean intra-assay coefficient of variation, 3.2%; and th 
mean interassay coefficient of variation, 5%. No humai 
serum protein is known to cross react with the double 
antibody combination used in the assay. The bindin; 
capacities of SHBG in serum were measured accord 
ing to the method described by Hammond and Lah 
teenm4ki® with tritiated 5a-dihydrotestosterone used a 
marker. The mean intra-assay coefficient of variatio: 
was 6.6% and the mean interassay coefficient of var: 
ation was 8.1%. The free testosterone fraction was de 
termined by means of a solid-phase radio!mmunoassa 
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Fig. 1. The effect of ethinyl estradiol—desogestrel (EE/DG) and 
ethinyl estradiol—levonorgestrel (EE/NG) on the serum con- 
centrations of total and free testosterone (mean + SD). 

= Different from control group, p < 0.05. ** = Different 
from control group, p < 0.01. 


(Coat-A-Count Free Testosterone) supplied by Diag- 
nostic Products Corporation (Los Angeles, California) 
with the use of an antiserum with an affinity for tes- 
tosterone slightly less than that cf SHBG. The assay 
range was 5.2 to 173 pmol/L; the mean intra-assay coef- 
ficient of variation, 3.8%; and the mean interassay coef- 
ficient of variation, 4.2%. Cross-reactions included: 5a- 
dihydrotestosterone, 0.041%; androstenedione, 0.01%; 
5a-androstan-3B,17B-diol, 0:005%; A®-androstene-3B- 
17B- diol. 0.007%; 5a-aridrostan-3,17-dione, 0.001%. 
There was no effect of an increase in the albumin level 
by 25%. | 

Statistical analysis. Data were analyzed by univariate 
analysis of variance by application of a three-factor ex- 
periment with repeated measurements on two-factor 
design.” © The volunteers were assigned to two groups 
depending on the sequence of administration of the 
drugs. Within-group factors were treatment compris- 
ing the four levels of control, ethinyl estradiol—levonor- 
gestrel preparation, washout, and ethinyl estradiol—de- 
sogestrel preparation and the days of the cycle (days 6, 
11, 21, and 28). A posteriori contrasts were tested by 
Scheffé’s procedure with use of the appropriate error 
terms as described in detail by Glaser.” The level of 
significence was set at 0.05. The calculations were car- 
ried out on an Apple Ile computer. 

Wilcoxon’s matched-pairs signed-ranks test was used 
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Fig. 2. The effect of ethiny! estradiol—desogestrel (EE/DG) and 

of ethinyl estradiol—levonorgestrel (EE/NG) on the serum con- 

centration of SHBG (by immunoradiometric assay, IRMA) and 

on the binding capacity of SHBG (by tritiated dihydrotestos- 

terone, 7H-DHT) (mean + SD). ** = Different from control 

oe p<0.01. * = Different from EE/DG, p< 0.05. 
= Different from EE/DG, p < 0.01. 


for the evaluation of the significance of differences bë- 
tween mean values on the respective days. The inverse 
correlation between the concentrations of SHBG and 
free testosterone was evaluated by calculation of the 
regression curves (second order) after transforniation 
to the regression line: log (concentration SHBG) = 
A + B x X (concentration free testosterone), with the 
use. of a computer program. 


Results 


During treatment ma both ethinyl estradiol—levo- 
norgestrel and the ethinyl estradiol—desogestrel prep- 
aration there was a significant (p < 0.05) reduction in 
total testosterone by 16% to average values between 
1.11 and 1.42 nmol/L (Fig. 1). 

The SHBG concentration as determined by immu- 
noradiometric assay was significantly iricreased on an 
average from 60.2 + 27.2 to 115.5 + 48.5 nmol/L 
(+92%) by the triphasic preparation and to 165.9 + 
57.8 nmol/L (+175%) by the ethinyl estradiol—deso- 
gestrel combination (Fig. 2). The difference between 
both preparations was significant. The SHBG binding 
capacity, as determined by means of the tritiated 5a-di- 
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Fig. 3. Regression curves (second order) between the serum 
concentrations of SHBG and free testosterone (EE/NG = 
ethinyl estradiol—levonorgestrel; EE/DG = ethinyl! estradiol— 
desogestrel; C, = control cycle; C} = washout cycle), 


hydrotestosterone binding assay, rose from 24.3 + 
17.1 to 63.2 + 37.5 nmol/L (+ 160%) during treatment 
with the triphasic ethinyl estradiol-levonorgestrel and 
to 105.0 + 56.4 nmol/L (+ 330%) by the ethinyl estra- 
diol—desogestrel combination (Fig: 2). The differences 
between the values of the contro] and treatment cy- 
cles and those between both preparations were sig- 
nificant. 

When the free testosterone concentrations were mea- 
sured directly, a significant suppression by 35% from 
an average of 9.37 + 3.36 to 6.10 + 3.35 pmol/L was 
found during treatment with both low-dose oral con- 
traceptives (Fig. 1). Contrary to the effects on the con- 
centrations and binding capacities of SHBG, there was 
no difference between the ethinyl estradiol—levonor- 
gestrel and the ethinyl estradiol—desogestrel combi- 
nation. | . 

The discrepancy between the SHBG and the free 
testosterone levels became obvious when the regression 
curves (second order) were calculated from the cor- 
responding values of the control, ethinyl estradiol—le- 
vonorgestrel, and ethinyl estradiol—desogestrel groups 
(Fig. 3). There was only a poor inverse correlation be- 
tween the concentrations of SHBG and the free tes- 
tosterone fraction, particularly at very high SHBG 
levels. 


Comment 


The present results show that treatment of women 
with the triphasic ethinyl estradiol—levonorgestrel 
prepdration causes an elevation of SHBG levels by ap- 
proximately 100%, while serum SHBG increased three- 
fold to fourfold during the intake of the ethinyl estra- 
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low-dose contraceptives siipptessed the serum concen 
tration of total testosterone by 16%. Similai finding 
had been reported by several duthors.>? ! The evalu 
ation öf the free testosterone fraction by means of mea 
suring the SHBG binding capacity or by calculating thi 
ratio of testosterone to SHBG, as carried out by mos 
investigators, would result in free testosterone level 
during treatment with ethiriyl estradiol—levonorgestré 
that were twice those with ethinyl estradiol—desogestrel 
These calculated values, however, do not represen 
physiologic conditions, as some other steroid-binding 
proteins are neglected. Those studies that had usec 
more appropriate methods for the determination o 
free testosteroné levels* 7"! did not compare the tw 
low-dose preparations. . 

Our results clearly demonstrate that the free testos 
terone fraction, as determined directly, is suppressed b’ 
both oral contraceptives to the sime extent (— 35%); al 
though the SHBG levels are much higher during treat 
ment with the ethinyl estradiol—desogestrel combina 
tion: Whén comparing the effects of two different con 
traceptive preparations Gaspard et al.’ found that fre: 
testosterone Was decreased by 45% by both the triphasi 
ethinyl estradiol— -levonorgestrel combination and by : 
monophasic combination of 50 pg of ethinyl éstradic 
and 250 ug of levonorges-rel, while SHBG was elevate 
(+ 85%) only by the former preparation. Mathur et al.’ 
reported that apparent free testosterone concentra 
tions correlate with total testosterone levels but not with 
SHBG. There-are some indications that other binding 
proteins, particularly alburiiin; may be involved to ; 
higher degree than generally assumed. It was pointec 
out by Westphal’ that thé concept of.the unbound ste 
roid hormone, as usually evaluated, is añ oversimplifi 
cation. The hormone-protein interaction provides a dy 
namic binding system, involving association and disso 
ciation; and there are no static phases of bound ant 
inbound steroid. According to the law of mass action 
the concentration of testosterone that is actually avail 
able is dependent not only on the biriding constants bu 
also on the concentrations of the binding comporients. 

It has beeri shown that the uptake of testosterone b 
target organs is considerably inhibited by both albumin 
and SHBG.“ The uptake was in direct proportion ti 
the free testosterone concentrations, which were simila 
in the presence of 90 pmol/L of human serum dlbumi: 
and 90 nmol/L of SHBG. Moreover, it was demon 
strated that the effect of SHBG or albumin on the leve 
of free testostérone is moré conspicuous at lower con 
centrations, while an increase above the normal rang 
of SHBG results only in minor alterations of unbouns 
steroid. When the SHBG level was increased to mor 


han 5Onmo he untake of testosterone b he 
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This was corroborated by studies of the effect of 
norgestrel on the binding of estradiol and testosterone 
to SHBG. When the serum level of SHBG was <50 
nmol/L, the percent binding of the steroids was directly 
related to the SHBG concentration. However, when 
SHBG exceeded 50 nmol/L, the fractions of free ste- 
roids were independent of the serum level of SHBG 
but paralleled the total concentrations of testosterone 


and estradiol.’ This corresponds to the present find- 


ings, as total and free testosterone levels were similarly 
depressed by both low-dose oral contraceptives, while 
the SHBG levels were raised excessively above the nor- 
mal range to a different extent. 

The reason for the decrease in the relative binding 
capacity of very high SHBG levels is unknown. It was, 
however, observed that the association constant of the 
albumin-testosterone complex decreases with increas- 
ing albumin concentrations, possibly because of pro- 
tein-protein interactions." The apparent binding affin- 
ity of cortisol to corticosteroid-binding globulin was also 
found to decrease with rising concentrations of the pro- 
tein.'® It is conceivable that similar interactions may 
affect the binding affinity of SHBG at high concentra- 
tions. It was demonstrated by Petra et al.” that the 
metabolic clearance rate of testosterone is inversely re- 
lated to SHBG. The effect, however, is small, and is 
related to the distribution of testosterone bound be- 
tween SHBG and albumin. There appears to exist an 
optimal upper level of SHBG in serum, and no matter 
how much more SHBG is circulating there will be little 
change in the metabolic clearance rate. 

In women with androgenetic manifestations, an el- 
evation of low SHBG levels may be followed by a de- 
crease in free testosterone and an improvement of clin- 
ical symptoms. An excessive increase of SHBG above 
the normal range, however, does not seem to result in 
a further reduction of free testosterone, provided that 
total testosterone is normal. It appears to be of-more 
clinical significance for women with hyperandrogenism 
that elevated levels of total testosterone are reduced by 
oral contraceptives. It is known that a pronounced in- 
crease in serum SHBG during treatment with hor- 
monal contraceptives reflects a preponderance of the 
effect of the estrogen component. With respect to other 
possible side effects, a moderate change of estrogen- 
sensitive biochemical parameters seems to be more ad- 
vantageous. 


15. 


16. 
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. Westphal U. Steroid-protein interaction H. 
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Source of prenatal care and infant birth weight: The case of a 


North Carolina county 


Paul A. Buescher, Ph.D., Clinton Smith, M.D., M.P.H., Joseph L. Holliday, M.D., M.P.H., 


and Ronald H. Levine, M.D., M.P.H. 


Raleigh, North Carolina, Nashville, Tennessee, and Greensboro, North Carolina ` 


The impact of a comprehensive prenatal care program on the birth weights of infants born to low-income 
women is assessed. Women receiving care through the prenatal program of a large county publics health 
department were compared to pregnant Medicaid-eligible women in the same county, who received 
prenatal care primarily from private-practice physicians. The percentage of low birth weight was 8.3 for the 
health department women compared with 19.3 for the Medicaid women. After differences between the two 
groups in race, marital status, participation in the Special Supplemental Food Program for Women, Infants, 
and Children (WIC), quantity of prenatal care, and other risk factors were statistically controlled, the 
chance of a Medicaid woman having a low-weight birth was still more than twice as great (p = 0.007). A 
case- management approach and greater use of services ancillary to basic obstetric medical care appear to 
contribute to the better birth weight outcomes in the health department. (Am J Osstet GYNECOL 1987; 


156:204-10.} 


Key words: Prenatal care, low birth weight, Medicaid 


It has been convincingly demonstrated that low birth 
weight greatly increases the risk of subsequent infant 
morbidity and mortality.'? Low birth weight also fre- 
quently results in higher medical care costs.* Thus the 
prevention of low birth weight has become a major 
concern of the health care community. Some of the 
more important factors shown to influence the risk of 
low birth weight are race, age, marital status, socioeco- 
nomic level, multiple birth, and prenatal care.’ 

The impact of prenatal care on birth weight has re- 
ceived considerable attention, in part because, among 
the major risk factors, prenatal care is probably the 
most amenable to change through deliberate health 
programs. Most studies of prenatal care and birth 
weight have looked at the quantity and timing of pre- 
natal care, such as number of visits or month prenatal 
care began. More refined measures such as the Kessner 
Index consider number of visits and month care began 
in relation to length of gestation.> Such quantitative 
measures of care may be easily calculated from birth 
certificate data if the required components are re- 
corded. Receiving much less attention, however, is how 
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the scope and quality cf prenatal care affect birth 
weight. The recent report by the Institute of Medicine 
on preventing low birth weight points to the need for 
more research on the content of prenatal care.’ 

A comprehensive prenatal care program for low-in- 
come women in 13 California counties resulted in sig- 
nificantly lower rates of low birth weight for these 
women in ccmparison with those in a matched control 
group of Medicaid women.® The present study looks 
at the effect of comprehensive prenatal care on the 
birth weights of infants born to low-income women in 
a North Carolina county. Women receiving prenatal 
care at the Guilford County Public Health Department 


are compared with Guilford County women on Med- 


icaid, who received prenatal care mainly from private- 
practice physicians. It was hypothesized that the com- 
prehensiveness of the health department's prenatal 
care program has a substantial positive impact on birth 
weights. If true, this would have important implications 
for provision of prenatal care to low-income women, 
where the problem of low birth weight is severe. 


Material and methods 


Guilford County, North Carolina, is a metropolitan 
area with a population of approximately 325,000. The 
county has a large and active public health department, 
with around 340 full-time-equivalent staff positions. 
Prenatal care is provided at two sites, in the cities of 
Greensboro and High Point. This project was initiated 
as a means of evaluating a health department program 
in terms of outcome (birth weight), rather than a “pro- 
cess” measure such as number of clients served. The 
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prenatal care program was chosen because it is one of 
the larger health department programs and because its 
outcome could be assessed with information from birth 
certificates. The results of this study turned out to have 
implications beyond the effectiveness of this particular 
health department program. 

The first step was to indicate which of the 4037 Guil- 
ford County resident birth certificates for 1984 be- 
longed to women who were in the prenatal care pro- 
gram of the health department. A list of the 426 women 
who received prenatal care at the health department 
and had a live birth in 1984 was provided by the health 
department and contained the name of each woman, 
the date of delivery, the date of her birth, and race. 
Computer and subsequent manual matching according 
to these variables resulted in successful identification 
of 395 birth certificates for babies born to health de- 
partment women (a matching rate of 93%). Thus the 
“case” group became Guilford County residents who 
received prenatal care in this health department. 

Guilford County women on Medicaid were chosen 
as a comparison group, primarily because they could 
be identified from Medicaid paid claims data. In Guil- 
ford County there is an agreement between the health 
department and the obstetricians that women who are 
eligible for Medicaid and then become pregnant will 
receive prenatal care through the private-practice phy- 
sicians. The health department does not have the ca- 
pacity to serve all indigent women in the county and 
its first responsibility is to the women with no insurance. 
Thus pregnant Medicaid-eligible women in this county 
are referred to the obstetricians’ office-based practices 
by the health department or by the Department of So- 
cial Services. This type of arrangement may not exist 
in some counties in North Carolina, and indeed many 
Medicaid-eligible women in other areas do receive pre- 
natal care from public health departments. It so hap- 
pens, however, that in Guilford County the comparison 
of “health department” and “Medicaid” birth outcomes 
becomes essentially a comparison of public and private 
sources Of care. 

Like the women receiving prenatal care at the health 
department, the Medicaid-eligible women are predom- 
inantly poor and nonwhite. The income level for Med- 
icaid eligibility is only one third to one half the poverty 
level in North Carolina, so this is a very low-income 
group cf women that may differ in some ways from 
the health department women. A woman receiving pre- 
natal care at the health department must be a resident 
of Guilford County and certified as having a family 
income of less than the poverty level. Potential prob- 
lems of comparability between these two groups are 
considered later in this report. 

In Guilford County most of the active obstetricians 
rotate hospital duty and thus the same physicians han- 
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dle the deliveries of both the health department and 
Medicaid women. Therefore any differences in low 
birth weight between the two groups may be attributed 
mainly to differences in prenatal care rather than to 
differences in hospital management or intrapartum 
care. 

Birth certificates for Medicaid women were identified 
by matching to Medicaid paid claims, with the use of 
name and age of mother. All 1984 inpatient hospital 
Medicaid claims for Guilford County residents with an 
ICD-9-CM diagnosis of 640-676 (conditions related to 
pregnancy and delivery) were selected, resulting in an 
unduplicated count of 556 women. Ninety percent (or 
500) of these claims were successfully matched to birth 
certificates. It was expected that some of these claims 
would not match since some Medicaid hospital stays are 
for obstetric complications with no live birth occurring 
at the time. The matching indicated that 138 women 
were in both groups, that is, they received prenatal care 
at the health department and Medicaid paid for the 
hospital delivery. The health department and private- 
practice physicians have agreed that if a woman begins 
prenatal care at the health department and subse- 
quently becomes eligible for Medicaid, she will com- 
plete her prenatal care at the health department for 
the sake of continuity, although at the time of delivery 
Medicaid would be available to pay for hospital charges. 
These women are counted in the health department 
group here since that 1s where prenatal care was 
received. 

Besides the indicator of whether the woman received 
prenatal care in the health department or from a pri- 
vate-practice physician through Medicaid, most of the 
information used in this analysis is from the birth cer- 
tificate: race, age, marital status, education, single or 
multiple birth, previous fetal death or death after live 
birth, birth weight, and quantity of prenatal care. The 
Kessner Index was used as an indicator of the quan- 
titative adequacy of prenatal care. It considers number 
of visits and month care began in relation to length of 
gestation (see Table I for definition).* For purposes of 
this analysis, quantity of prenatal care was dichoto- 


*Completed weeks of gestation, calculated from date of 
birth and date of last menstrual period on the birth certificate, 
was the only variable from the birth certificate used in this 
analysis that had more than a few missing values. Where only 
day of the month of date of last menstrual period was missing, 
the fifteenth was imputed. If calculated weeks of gestation was 
<18 or >48 for these live births, gestation was recoded to 
unknown. The calculated weeks of gestation was then com- 
pared with birth weight and, where the two were clearly in- 
compatible, weeks of gestation was recoded to unknown. 
These procedures, plus the records with month or year of 
date of last menstrual period missing, resulted in about 2% 
of the births having unknown weeks of gestation and therefore 
unknown Kessner Index. 
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Table I. Criteria for adequacy-of-care index levels* 


Trimester of first No. of prenatal 
prenatal visit Gestation {wh} visits 


Adequacy of care 





Adequate First (1-3 mo) and 18-21 and 23 
22-25 and z4 
26-29 d >5 
30-31 j >6 
32-33 and >7 
54-35 and 28 
236 and 229 
Inadequate Third (7-9 mo) or 18-21 and 0 or not stated 
22-29 and <1 or not stated 
30-31 and <? or not stated 
32-33 and <3 or not stated 
234 and <4 or not stated 
Intermediate All other combinations 


The index was treated as missing if a component was missing or if calculated weeks of gestation for the live birth was <I& 
or >48. 


*Adapted from Kessner DM, Singer J, Kalk CE, Schlesinger ER. Infant death: an analysis by maternal risk and health care 
In: Contrasts in health status. Washington DC: Institute of Medicine, National Academy of Sciences, 1973, vol 1. 


Table II. Live births in 1984 to residents of Guilford County, North Carolina, by source of prenatal care, 
birth weight, and selected risk factors for low birth weight 


Source of prenatal care 


Private practice 
physician through 


Public health 





department Medicaid All other 
No. of births 396 362 3279 
<2500 gm (%) 8.3 19.3 7.1 
Nonwhite (%) 65.4 81.5 25.2 
Unmarried (%) 60.6 86.7 12.5 
Age under 18 (%) 17.2 13.5 4.2 
Education <12 yr (%) 47.8 45.6 - 149 
Multiple birth (%) 2.8 3.9 1.9 
Previous fetal death or death 20.2 24.3 20.3 

after live birth (%) 

Not on WIC (%) 229 55.5 94.4 
Prenatal care not adequate in 44.0 33.2 14.2 


quantity (Kessner Index) (%) 


mized into adequate (“adequate” index) or not ade- 
quate (“intermediate” or “inadequate” index). 

In addition to the information from the birth certif- 
icate, an indicator of whether the woman participated 
in the Special Supplemental Food Program for Women, 
Infants, and Children (WIC) before delivery was 
added. This was done by selecting Guilford County 
residents from a file of WIC women having a live birth 
in 1984 and matching on name and date of delivery. 
Out of 687 WIC records for Guilford County residents, 
650 or 95% were matched with a 1984 Guilford County 
birth certificate. 

The main analytical tool used here to address the 
question of the effect of source of prenatal care on birth 
weight among low-income women was logistic regres- 
sion. An indicator (1 or 0) of whether the birth was low 
weight (<2500 gm) was used as the outcome measure. 


In assessing the effect of source of prenatal care on 
birth weight, it was necessary to control for other im- 
portant influences on birth weight, for example, race, 
marital status, and quantity of prenatal care. The usual 
regression techniques are not appropriate when the 
dependent variable is dichotomous. Using logistic 
regression allows assessment of how source of prenatal 
care affects the odds of having a low-weight birth, after 
other important influences are controlled. 


Results 

Table II describes 1984 live births to Guilford County 
residents in terms of source of prenatal care, birth 
weight, and selected risk factors for low birth weight. 
Health department women and Medicaid women ac- 
counted for 9.8% and 9.0%, respectively, of 1984 Guil- 
ford county resident births. Women in these two groups 
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were much more likely than other Guilford County 
women tc be nonwhite, unmarried, under age 18, of 
low education, and on WIC and to have had prenatal 
care that was not adequate in quantity. In a comparison 
of the Medicaid and health department groups, the 
Medicaid women were considerably more likely to be 
nonwhite, unmarried, and not on WIC. Since most 
Medicaid women qualified in 1984 through the Aid to 
Families with Dependent Children (AFDC) program, 
which mainly provides support to single-parent house- 
holds, the very high proportion of the women that were 
unmarried is understandable. 

The difference between the Medicaid and health de- 
partment women in percentage of births that were low 
weight, 19.3 versus 8.3, is dramatic. (This difference is 
Statistically significant at much less than p = 0.001.) 
Perhaps most surprising is that the percentage of low- 
weight births among the health department women was 
only slightly higher than that for the “all other” group 
shown in Table II, in spite of this being a “high-risk” 
group. The health department women had better birth 
weight outcomes than the Medicaid women even 
though the quantity of prenatal care (in terms of num- 
ber of visits and timing of care) received by these 
women was, on the average, lower than that for the 
Medicaid group. Further examination of the data re- 
vealed that the somewhat lower quantity of care re- 
ceived by the health department women was entirely a 
function of starting prenatal care after the first trimes- 
ter, rather than having fewer visits once care was begun. 

In order to conclude more definitely that the nature 
of the prenatal care provided in the health department 
contributes to this difference in low birth weight, it is 
necessary to control for differences between the two 
groups in other risk factors for low birth weight. Ta- 
ble III considers the results of a logistic regression 
model with low birth weight as the dependent variable. 
Only the health department and Medicaid births are 
included here (N = 758). It can be seen that even after 
differences between the health department and Med- 
icaid women in race, marital status, WIC, quantity of 
prenatal care, and the other measured risk factors were 
controlled, a woman receiving prenatal care from a 
private-practice physician through Medicaid was on the 
average more than twice as likely to have a low-weight 
birth (p = 0.007). Reasons for this strong effect will be 
considered in the following section. 

The strongest effect in the model is that of multiple 
birth. A woman with a nonsingleton birth was more 
than 18 times as likely to have a low-weight baby than 
a woman with a singleton birth, independent of all 
other factors. Not being on WIC independently in- 
creased the chances of having a low-weight birth by 
60% among the low-income women in this study. This 
is further corroboration of the effectiveness of the WIC 
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Table III. Estimated relative odds of low birth 
weight with presence of selected risk factors* 
(1984 Guilford County Health Department 
and Medicaid births, N = 758) 


Ri fcr 
Nonwhite 1.58 0.18 
Unmarried 1.80 0.11 
Age under 18 1.92 0.06 
Education <12 yr .86 57 
Multiple birth 18.60 <.000] 
Previous fetal death or 1.94 0.01] 

death after live birth 
Not on WIC 1.60 0.06 
Prenatal care not 1.37 0.18 
adequate (quantity) 
Medicaid provider of care 2.08 0.007 


(versus Health Dept.) 


*These odds are derived from a logistic regression model 
and refer to the relative likelihood of a woman with the char- 
acteristic delivery of a low-weight baby compared with a 
woman without the characteristic. These are independent ef- 
fects, that is, after the effects of all other variables in the model 
are controlled. The p values refer to the probability that this 
effect is due to random variation, given the sample size (758) 
and relative frequency of the variable (1 or 0). The model 
likelihood ratio x’ for testing the joint significance of all vari- 
ables in the model is 78.82 with 9 degrees of freedom, 
p< 0.01. 


program in preventing low-weight births. The inde- 
pendent effect of race on low birth weight shown here 
is not highly significant (p = 0.18), but it should be 
remembered that these two groups of women are pre- 
dominantly nonwhite, with much less variation in race 
than would be found among all the births of a county 
or state. Other characteristics with a strong, indepen- 
dent effect on the probability of a low-weight birth are 
being unmarried, age under 18, and having had a pre- 
vious fetal death or death after a live birth. 


Comment 


Most evaluations of the effect of prenatal care on 
birth outcome have looked at the quantity of care in 
terms of the month of pregnancy in which care began 
and total number of prenatal visits. Indeed, these are 
the variables most likely to be recorded on birth cer- 
tificates, and measures of content or quality are much 
harder to obtain. In the present study, the health de- 
partment women actually had a lower quantity of pre- 
natal care, on the average, than the Medicaid women, 
while having much better birth weight outcomes. Thus, 
if consideration of prenatal care had been limited to 
the Kessner Index or other quantitative measures of 
care, little effect on low birth weight would have been 
shown among these low-income women. Examining the 
nature and content of. the prenatal care provided by 
the health department may provide insight concerning 
this differential. 

The Guilford County health department provides a 
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comprehensive, coordinated system of prenatal care 
with extensive written protocols. Each woman is eval- 
uated on entry and an individual prenatal care plan is 
developed. Special provisions are made to screen and 
educate the women about preventing preterm labor. 
The highest-risk women are referred to a high-risk 
maternity clinic at Moses Cone Hospital, a tertiary care 
center. Health education, counseling, and other health 
department services are also provided for these women. 
The women at nutritional risk are referred to the WIC 
program, which is administered through the health de- 
partment. This link with WIC is very important, and 
Table II reveals that nearly 80% of the health depart- 
ment women are on WIC compared with less than half 
of the Medicaid women. Table III indicates that WIC 
does have a significant, positive, and independent im- 
pact on birth weight in this county. Higher participation 
in WIC could in fact be considered as one quality of 
the health department prenatal care program since re- 
ferral is routine. It appears that the case management 
and coordination of services provided by the health 
department are very beneficial and that possibly the 
Medicaid women in Guilford County are much less 
likely to benefit from such an approach. 

Other studies have also shown the advantages of a 
comprehensive, coordinated approach to prenatal care, 
particularly for high-risk, indigent women. Sokol et al.’ 
evaluated a comprehensive prenatal care project in 
Cleveland and found that women on the program had 
significantly lower perinatal mortality and higher birth 
weights than women in a comparison group. They con- 
cluded that the major difference in prenatal care was 
in the ancillary services of the project, including 
nonmedical services such as patient education, home 
visitation, nutrition assessment and counseling, and so- 
clal service assessment and intervention. The present 
study, which goes further to incorporate multivariate 
adjustments for group differences, strongly supports 
this perspective. Starfield’s review of the literature® 
points to the inability of studies to consistently dem- 
onstrate that the amount of prenatal care alone influ- 
ences the frequency of low birth weight and concludes 
that the scope and content of care are most important, 
particularly for high-risk populations. The Institute of 
Medicine’s report on preventing low birth weight in- 
dicates that successful prenatal care projects frequently 
offer a “package” of services including outreach, coun- 
seling, and other nonmedical services. Certain popu- 
lations, especially the poor and very young, “may be 
better served by public facilities offering a range of 
services than by physicians in private practice, who tra- 
ditionally provide only medical care.” 

One aspect of the Guilford County health depart- 
ment’s prenatal care program that may contribute to 
its better birth weight outcomes, compared with those 
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of the Medicaid women, is the heavy reliance on nurse 
practitioners for the provision of prenatal care. Sever 
nurse practitioners in the health department provide 
the first-line, ongoing care and communication, witl 
specific problems or complications referred to physi 
cians. The Institute of Medicine’s report’ suggests thai 
these providers tend to relate to their patients in z 
nonauthoritarian manner and to emphasize education 
support, and patient satisfaction. They are likely tc 
spend more time per visit with their patients than are 
office-based physicians, znd women served by nurse 
midwives and practitioners are more likely to keep ap 
pointments for prenatal care and to follow specifiec 
treatment regimens. In Guilford County, missed visit: 
at the health department are followed by telephone 
calls, or home visits if necessary. 

The follow-up, education, and linkage to other pro 
grams found in this health department would probably 
be less important for a group of highly educated anc 
motivated pregnant women, but they appear to make 
a great difference for poor pregnant women in Guil. 
ford County. Peoples and Siegel’ concluded that a com. 
prehensive maternity and infant care (MIC) project ir 
North Carolina had the most benefit for those mother: 
and infants at very high risk. As further indication tha 
the benefits of comprehersive prenatal care are great 
est for the highest risk women, the data for this stud; 
revealed a strong interaction between source of pre 
natal care and quantitative adequacy of care. The dif 
ference in low birth weight percent between the healtt 
department and Medicaid women was predominantly 
among those women not having an adequate quantity 
of prenatal care. The logistic regression analysis 
showed that, with other differences controlled, the risk 
of low birth weight was 4.5 times greater for the Med. 
icaid women than for the health department womer 
among those not receiving an adequate quantity of pre- 
natal care (p = 0.001). For those women whose care 
was quantitatively adequate, however, the relative risk 
for the Medicaid women was only 1.2 and not signifi- 
cant (p = 0.59). Thus the ancillary services of the 
health department program appear to be most bene. 
ficial among those women who start prenatal care late 
or have an insufficient number of visits. 

Any retrospective study, where random assignmen! 
to a “case” and “control” group is not possible, is subjeci 
to selection bias. Though the educational levels of the 
Medicaid and health department women were very sim. 
ilar (Table II), there was no information on income ir 
the present study to use as a control. Since the income 
cutoff for Medicaid in North Carolina is extremely low 
it is likely that the Medicaid women in this study were 
on the average, poorer than the health departmeni 
women. There could be substantial differences betweer 
the health department and Medicaid women on med. 
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ical complications of pregnancy, social and occupatioria. 
stress, substance abuse, or other factors that affect birth 
weight and have not been measured or conirolled for 
in this study. Another possible source of bias is that 
some women are eligible for Medicaid because they are 
“medically needy,” which usually means that because 
of previous medical expenses they “spend dewn” to the 
Medicaid income level. Thus some of these women 
could be cn Medicaid because of prior health problems. 
These poiential biases could explain part of the much 
lower birth weights among the Medicaid women, but 
it is highly unlikely that their control would éccount for 
all of the differential. A look at the subset of 138 women 
who received prenatal care at the health department 
but qualified for Medicaid before delivery suggests that 
it is the prenatal care program of the health depart- 
ment, rather than unmeasured differences between the 
health department and Medicaid women, that accounts 
for a large part of the birth weight differential. Like 
the Medicaid women receiving care from private phy- 
sicians, these 138. women were largely nonwhite and 
unmarried, yet their percent of low birth weight was 
9.4 compared with 19.3 for the other Medicaid women. 
A logistic regression model for these two groups 
(N = 500), with the use of the same control variables 
as in Table III, indicated that the risk of low birth 
weight was 2.0 times as great for the Medicaid women 
receiving care in the private sector compared with the 
138 women receiving prenatal care at the health de- 
partment and later being certified for Medicaid 
(p = 0.07). 

One possible contribution to the better birth weight 
outcomes among the health department women is that 
referrals are made to a high-risk prenatal care clinic at 
Moses Cone Hospital in Greensboro for women deter- 
mined to be at risk of preterm labor. Of the 396 women 
in the health department prenatal care program, about 
20% received at least part of their prenatal care at this 
high-risk. hospital clinic. It is not known how many of 
the Medicaid women were referred to this clinic, al- 
though they would be eligible if determined to be at 
risk for preterm labor. Like referral to WIC, however, 
the formal linkage to this clinic should be considered 
a benefit of receiving prenatal care at the health de- 
partment and not as a “bias” when comparisons are 
made with the Medicaid group. 

A significant finding of this study is that the success 
of the Guilford County health department’s program 
in preventing low birth weight was almost entirely 
through reducing preterm births rather than through 
reducing the incidence of intrauterine growth retar- 
dation. The percent of total births that were term and 
low weight was nearly the same for the health depart- 
ment and Medicaid groups. Much of the positive effect 
of the health department prenatal care program was 
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through lengthening gestation, a finding that has also 
been suggested by Showstack et al." 

We do not expect that the Guilford County health 
department is typical in North Carolina in terms of its 
prenatal care program and it would be desirable to 
replicate and expand this type of study. In other areas, 
Medicaid women receiving prenatal care in the health 
department could be compared with Medicaid women 
receiving care in private settings, eliminating some of 
the comparability problems of the present study. It is 
now possible to match the Medicaid and WIC records 
to birth certificates on a statewide basis for North Car- 
olina and we hope in time to identify women receiving 
prenatal care in health departments by means of a state- 
wide automated health services information system. In 
an expanded study it would be possible, in addition to 

seeing if the results shown here hold up in other years 

and geographic areas, to examine the impact of pre- 
natal care on important subcategories of low birth 
weight, such as births <1500 gm. The numbers were 
not large enough in the present study to support a more 
refined analysis of birth weight. 

In summary, for women in poverty, a coordinated, 
comprehensive approach to prenatal care is essential. 
While visits for obstetric medical care may alone be 
adequate for women with higher education and in- 
come, women with fewer resources need additional ser- 
vices such as health education, counseling, nutritional 
assessment, and outreach and follow-up. While the 
present study has been largely a comparison of prenatal 
care in public and private settings because of the ar- 
rangements in Guilford County, the larger issue is the 
coritrast between comprehensive and “traditional” pre- 
natal care. What seems to make the difference are the 
services that are added to obstetric medical care. Phy- 
sicians are frequently not able to hire educators, nu- 
tritionists, and other providers of ancillary services for 
their office staffs. What is needed is a coordination of 
services to assure that low-income women do get access 
to these needed nonmedical components of prenatal 
care. 


We appr eciate the valuable assistance provided by 
Reva Phillips of the Guilford County Health Depart- 
ment and by J. Michael Bowling of the State Center 
for Health Statistics. 
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Hairy cell leukemia in pregnancy: A case report 


J. Kell Williams, M.D. 
Detroit, Michigan 


Hairy cell leukemia (leukemic reticuloendotheliosis) is a rare disease. No previously reported cases in 
pregnancy could be found with the use of available computer-assisted medical literature search programs. 
The pregnancy was complicated by progressive thrombocytopenia, leukopenia, and anemia that did not 
improve with delivery. The deterioration was aa abated by postpartum splenectomy. (Am J OBSTET 


GYNECOL 1987;156:210-1 ,) 


Key words: Hairy cell leukemia, pregnancy 


Hairy cell leukemia (leukemic reticuloendotheliosis) 
was first described as an independent clinical and 
pathologic entity in 1958.' It is a rare disease, predom- 
inantly of men over the age of 50. No previously re- 
ported cases of this form of leukemia in pregnancy 
could be found with the use of available computer- 
assisted medical literature search programs. 


Case report 

D. H., a 34-year-old white woman, gravida 4, para 
0-0-3-0, was diagnosed as having hairy cell leukemia at 
7 weeks’ gestation. Significant past history includes 
three previous pregnancy losses. The first, which oc- 
curred 2 years previously, was a missed abortion at 15 
weeks’ gestation; the second was an incomplete, abor- 
tion | year previously. Both required a curettage for 
therapy. Ten months after the second curettage, she 
was admitted in shock with a ruptured left tubal preg- 
nancy. A salpingectomy was performed. “Low platelets 
and a low white count” were noted postoperatively and 
thought to be secondary to multiple transfusions. 
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The anemia, thrombocytopenia, and leukopenia per- 
sisted during the next 4 months. Hematology consul- 
tation was obtained. Bone marrow biopsy was reported 
as showing mononuclear cells with the characteristic 
cytoplasmic projections pathognomonic of hairy cell 
leukemia. Also documented was an intrauterine preg- 
nancy of approximately 7 weeks’ gestation. Consul- 
tation with the maternal-fetal medicine service was 
obtained. 

Initial hematologic studies revealed a hemoglobin of 
9.9 gm/dl, a platelet count of 120,000/mm’*, and a white 
blood cell count of 2100/mm’. Corticosteroid therapy 
and/or splenectomy were contraindicated because of 
the pregnancy. The maternal blood type was A, Rh 
negative, with a negative antibody screen. Other than 
the hematologic abnormalities, no other prenatal com- 
plications developed. A screening ultrasound exami- 
nation at 26 weeks’ gestation documented normal fetal 
growth. 

The platelet count gradually fell to 70,000/mm? at 
24 weeks’ gestation, 60,000/mm?% at 28 weeks’ gestation, 
40,000/mm* at 35 weeks gestation, and eventually 
25,000/mm* at 37 weeks’ gestation. Repeat antibody 
screen at 32 weeks’ gestation had revealed anti-C an- 
tibody, with a saline titer of 1:1 and negative Coombs 
test. The white blood cell count remained in the 2100/ 
mm? to 1700/mm* range. At 37 weeks, the patient was 
transfused with 6 units of single-donor platelets. The 
posttransfusion platelet count was 37,000/mm°. Non- 
stress tests, begun at 32 weeks, had been reactive up 
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until 37 weeks. The nonreactive test at 37 weeks was 
followed by a suspicious contraction stress test. Induc- 
tion of labor was begun with oxytocin. After 6 hours 
of contractions and no signs of fetal distress, the cervix 
remained undilated while the effacement progressed 
from 20% to 100%. Six more units of platelets were 
transfused. The patient had a mild hyperthermic re- 
action to the transfusion. 

After a night’s rest, a second day of induction of labor 
was begun. Two hours into the active phase, persistent 
late decele-ations developed. Dilatation and station did 
not allow for fetal scalp blood evaluation. A cesarean 
section was decided on and | gm of hydrocortisone was 
given intravenously. The immediate preoperative he- 
moglobin was 8.0 gm/dl, the white blood cell count was 
1100/mm*, and the platelet count was 40,000/mm*. A 
female infant, weighing 2948 gm, was delivered by 
low transverse cesarean section with Apgar scores of 
7 and 3. Ten more units of platelets and two units of 
whole blood were transfused intraoperatively. There 
was no clinical evidence of clotting abnormalities dur- 
ing the operation. The newborn infant had no neonatal 
complications. 

In the recovery room, the patient became short of 
breath with wet rales throughout all lung fields. Im- 
mediate chest x-ray film was consistent with pulmonary 
edema, likely contributed to by the choice of whole 
blood for intraoperative transfusion. The patient re- 
sponded rapidly to the intravenous administration of 
furosemide (40 mg). Postoperative hemoglobin was 7.9 
gm/dl, white blood cell count was 7900/mm’, and plate- 
let count was 50,000/mm‘. Postpartum antibody screen 
revealed anti-C, anti-D, anti-CD, and anti-Fya (Duffy). 
Rh-immune prophylaxis was not indicated. 

Moderate thrombocytopenia and leukopenia per- 
sisted and a therapeutic splenectomy was performed 5 
weeks post partum. Hematologic status improved con- 
siderably and has been stable for 18 months. 


Comment 


Hairy cell leukemia makes up approximately 2% of 
all cases of leukemia. It is a neoplasia of B lymphocytes, 
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although rare examples of T-lymphocytic forms have 
been described. There is a strong male predominance 
with a median age of 55. Presenting symptoms are usu- 
ally weakness, fatigue, and easy bruising associated with 
pancytopenia. Classic symptoms of malignant lympho- 
mas (weight loss, night sweats, fever) are present in less 
than 25% of cases. Approximately 10% of cases are 
discovered as incidental findings, as in this report. 
Splenomegaly, not initially noted in this patient, is 
found in more than 90% of cases at the time of diag- 
nosis. Notably, there is an absence of adenopathy. The 
course of the disease is usually chronic. The average 
survival is 6 years, with a 51% actuarial survival at 4 
years. The most common cause of death is infection. 
There are two reported cases of death from massive 
hemorrhage secondary to splenic rupture and one case 
of death secondary to hemorrhage into the lung. Sple- 
nectomy, with or without chemotherapy, is the treat- 
ment of choice with 92% of patients showing improve- 
ment of thrombocytopenia.'? More recently, interferon 
therapy has been shown to have beneficial effects when 
splenectomy fails to achieve a response.’ 

This report represents a case of hairy cell leukemia 
in pregnancy. No previous cases could be found by 
computer-assisted literature search. The diagnosis was 
made in early pregnancy, before recognition of the ges- 
tation. The hematologic status of the patient gradually 
deteriorated throughout the pregnancy and was not 
improved with delivery. The deterioration has been 
abated to date by therapeutic splenectomy. 
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CURRENT INVESTIGATION 


Sexually transmitted papillomaviral infections 


I. The anatomic distribution and pathologic grade of neoplastic lesions 


associated with different viral types 


Richard Reid, M.D., Mitchell Greenberg, M.D., A. Bennett Jenson, M.D., 
Mutajaba Husain, M.D., Jerry Willett, M.D., Yahya Daoud, M.S., Gary Temple, M.D., 
C. Robert Stanhope, M. D., Alfred I. Sherman, M.D., Garih D. Phibbs, M.D., and 


Attila T. Lorincz, Ph.D. 


Detroit, Michigan, A D. C., Gaithersburg, Maryland, Rochester, Minnesota, and 


Toledo, Ohio 


Multiple colposcopic biopsy specimens were collected from 160 women, with sampling of principal cervical 
and vulvar lesions as well as secondary areas of either minor acetowhitening or normal epitheluim. 
Papillomaviral deoxyribonucleic acid was detected by Southern biot hybridization in 197 (90%) of the 218 
principal biopsy specimens and 93 (46%) of 198 secondary biopsy specimens. Although different 
papillomaviruses were found at different sites in 31 women, only six of 416 specimens contained multiple 
types within the same sample. Specific viral types were associated with specific disease patterns. Only 
one of 80 type 6 or 11 infections had a diagnosis greater than cervical intraepithelial neoplasia, grade 2. In 
contrast, 42 of 48 (90%) biopsy specimens of cervical intraepithelial neoplasia, grade 3, or invasive cancer 
contained type 16, 18, or 31. Nonetheless, 12 of 124 (10%) cases of condyloma and cervical intra2pithelial 
neoplasia, grade 1, were associated with types 16, 18, and 31 infections. Of 58 women with multicentric 
disease, 46 had positive hybridizations for both cervical and vulvar lesions (32 showing the same type in 
both samples and 14 showing different viruses). Differing patterns of papillomavirus-induced disease arise 
partly from the predilection of specific viral types for certain anatomic sites and partly through variations in 
host response. Detection of viral deoxyribonucleic acid in 46% of the secondary biopsy. specimens 
suggests that disease expression may represent focal breakdown of host surveillance within a field of 
latent papillomaviral infection. (AM J OBSTET GYNECOL 1987;156:212-22, ) | 


Key words: Papillomaviruses, sexually transmitted diseases, colposcopy, cervical 


intraepithelial neoplasia 


The papillomaviruses are species-specific deoxyri- 
bonucleic acid (DNA) viruses that are widespread in 
nature, causing characteristic proliferations on epider- 
mal and mucosal surfaces. Papillomaviruses are clas- 
sified by species and further subdivided into specific 
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types according to nucleotide sequence homology. Most 
papillomavirus-induced lesions are benign, presenting 
as either cutaneous warts or mucosal condylomas.' 
However, certain papillomaviral types are oncogenic 
in vivo and in vitro, and there is now a substantial chain 
of evidence implicating these agents in the etiology of 
cervical, vaginal, and vulvar malignancy.* * The hu- 
man papillomaviruses comprise three clinicopathologic 
groups: cutaneotropic viruses found in immunologi- 
cally normal individuals, cutaneotropic viruses causing 
epidermodysplasia verruciformis in immunodeficient 
patients, and mucosotropic viruses infecting the genital, 
oral, and respiratory mucosae. | 
-Papillomaviruses have a relatively simple structure. 
All of the viral genetic information is contained within 
a small circular molecule of double-stranded DNA, hav- 
ing a length of 8000 nucleotide base pairs.’ The target 
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cells for viral infection are believed to be the basal layer 
of the affected area of epidermis or mucosa, establish- 
ing a viral reservoir that progresses to active expression 
as progeny cells differentiate during their migration 
toward the epithelial surface. From the functional view- 
point, the viral genome is divided into “early” and “late” 
regions. Studies with bovine papillomavirus type 1 in- 
dicate that genes from the early region establish and 
maintain vira] control over the infected cell and initiate 
viral DNA replication. Genes in the late region are 
involved in capsid protein synthesis and virion assem- 
bly." * Papillomaviruses are unique in that virion pro- 
duction is tied to the cellular events of squamous dif- 
ferentiation and keratinization. Undifferentiated neo- 
plastic cells do not permit completion of the viral life 
cycle, displaying instead a nonproductive infection with 
few if any cells progressing to virion assembly. Malig- 
nant transformation may occur in such tissues.” 

Some bovine papillomaviruses have been passaged 
through many generations of abortive infection in tis- 
sue culture, but it has not been possible to induce 
productive expression or useful cytopathic effect in vi- 
tro.'"* Viral particles and capsid proteins are sometimes 
detectable in vivo within benign productive infections, 
by electron microscopy or immunochemistry. However, 
viral particles and capsid proteins are rarely present 
within premalignant or invasive lesions.” Fortunately, 
the availability of radiolabeled viral nucleic acid probes, 
developed through advances in recombinant DNA 
technology, has now made it possible to detect papil- 
lomaviral genomic sequences within a high proportion 
of premalignant and malignant tissues. Initial studies 
showed that condylomas and minor dysplasias gener- 
ally contained type 6 or 11, while type 16 or 18 was 
most often detected in high-grade premalignancies or 
invasive cancers.°* Subsequently, a new papillomavirus 
called type 31 was detected in about 20% of cervical 
dysplasias and 5% of cervical cancers obtained from 
Washington, D. C.” 

Despite the constancy of these generalizations, cur- 
rent understanding of the natural history of papillo- 
maviral infection in the individual woman is obscured 
by the markedly different patterns of disease that result 
from apparently equivalent viral exposures. This study 
was undertaken in an attempt to clarify some of these 
basic clinicopathologic paradoxes. 


Material and methods 


Study design. Type-specific differences in anatomic 
distribution and pathologic severity of sexually trans- 
mitted papillomaviral infections were studied in 160 
women seen prospectively between March 1983 and 
February 1986. Each directed biopsy specimen was col- 
lected from an area of uniform appearance, as guided 
by a previously described colposcopic index.” 
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For the first 85 patients, biopsy specimens were col- 
lected systematically from multiple sites within the 
lower genital tract and analyzed by Southern blot 
hybridization for types 6, 11, 16, 18, and 31 and un- 
classified papillomaviruses. Preliminary data analysis 
showed that there was sufficient information for sta- 
tistical testing of these secondary biopsy specimens. 
However, ‘because analysis of the principal biopsy spec- 
imens required subdivision into two anatomic sites, 
five pathologic grades, and seven virologic categories, 
larger numbers were needed to reach statistical signif- 
icance. Fiscal constraints dictated that the biopsy pro- 
tocol in the remaining 75 patients be restricted to sam- 
pling areas of obvious abnormality. 

Subject material. The study population was drawn 
mainly from a consecutive series of patients referred 
to R. R. with either extensive condylomas or varying 
grades of cervical, vaginal, and vulvar neoplasia. In 
addition, six samples of invasive cervical cancer were 
provided by C. R. Stanhope from the Mayo Clinic, 
Rochester, Minnesota; five samples of invasive cervical 
or vulvar cancer were provided by A. I. Sherman of 
Sinai Hospital, Detroit, Michigan, and one case of in- 
vasive cancer of the vulva was provided by G. R. Phibbs 
of the Medical College of Ohio, Toledo, Ohio. 

Patients fell within two broad groups: First, 84 
women presenting with cervical or vaginal disease, gen- 
erally detected by Papanicolaou smears (nine with con- 
dyloma; 11 with grade 1, 31 with grade 2, and 22 with 
grade 3 intraepithelial neoplasia; and 11 with invasive 
cancer). Second, there were 76 women presenting with 
vulvar disease (53 with vulvar condylomas, 18 with 
Bowenoid lesions, and five with invasive squamous can- 
cers). Eighteen of the 84 women in the first group had 
concomitant vulvar lesions, and 40 of the 76 women in 
the second group had concomitant cervical lesions. 
Hence the total study material comprised 218 principal 
lesions collected from 160 women (124 cervical and 94 
vulvar lesions). 

For the first 85 patients, a systematic series of col- 
poscopic biopsies was performed throughout the lower 
genital tract, with sampling of (1) the worst area of the 
presenting lesion, (2) any adjacent area of lesser-grade 
acetowhitening surrounding the worst area of the pre- 
senting lesion, (3) the worst area of any multicentric 
lesion (a vulvar lesion in a patient presenting with cer- 
vical disease, or vice versa), (4) any adjacent area of 
minor grade acetowhitening at this second site, (5) es- 
sentially normal vaginal epithelium (with sampling of 
any colposcopic “asperities,” if present), and (6) in pa- 
tients with vulvar disease, normal vulvar epithelium at 
the intended margin of laser ablation. Each biopsy was 
bisected, half being placed in formalin for paraffin 
embedding and standard histologic examination, while 
the other half was frozen at — 70° C for virologic anal- 
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Table I. Detectability of papillomaviral DNA in the 218 principal cervical or vulvar biopsy specimens 


Principal cervical biopsy specimens 


Diagnosis 
Condyloma or CIN 1 


CIN 2 7 ji he 
CIN 3 or cervical cancer 31 33 94 
Total 107 124 86 


HPV = Human papillomaviral infection; CIN = 


Principal vulvar biopsy specimens 


HPV HPV 
positeve Total Diagnosis positive Total 


Condyloma or VIN 1 93 
VIN 2 = i 100 
VIN 3 or vulvar cancer 13 15 87 
Total 87 94 93 


cervical intraepithelial neoplasia; VIN = vulvar intraepithelial neoplasia. 


Table II. Type-specific disease associations of the 124 principal cervical biopsy specimens 















HPV type in hybridization-positive biopsy spectmens* 






Worst HPV 
Condylomat 7 0 l 7 35 
CIN’ 1 J l 2 4 l 4 18 
CIN 2 6 0 7 5 15 ] 4 38 
CIN 3 ] 0 0 3 16 l l 22 
Cervical cancer 0 0 1 l 5 3 l 1] 
Total . 27 8 14 1] 40 7 17 124 


xX? = 81.9, p = 0.001. HPV = Human papillomavirus; CIN = cervical intraepithelial neoplasia. 
*Unclassified and type 31 human papillomaviruses had a distribution pattern intermediate in severity to those of type 6 or 11 


and type 16 or 18. 


TOF the 35 “condylomas,” 21 were clinically apparent exophytic lesions and 14 were flat subclinical lesions. 


One condyloma contained type 16 plus type 18. 


ysis. Each frozen sample was completely sectioned on 
a cryostat, such that multiple step sections were avail- 
able as histologic controls, while the remaining slices 
were used for DNA analysis. 

In the remaining 75 patients, less extensive sampling 
was performed, with biopsy of only the most severe 
areas of cervical or vulvar abnormality. 

Histologic criteria. For study purposes, cervical or 
vulvar lesions were assigned within one of five grades, 
with the use of the following histologic criteria. | 

The term condyloma acuminatum was applied only 
to clinically visible exophytic papillomas showing a mi- 
croscopic pattern of basal proliferation and koilocytosis 
within maturing surface layers. Macroscopically invis- 
ible lesions, recognizable colposcopically as an aceto- 
white reaction and showing the same histologic pattern 
as overt condylomas, were termed condyloma planum. 
Mild cytonuclear atypia, consistent with a diagnosis of 
very mild dysplasia, were often seen in both clinically 
apparent and subclinical lesions. The only difference 
between condyloma acuminatum and condyloma pla- 
num is that one is a macroscopically apparent papilloma 
while the other is an invisible epithelial proliferation 
recognizable only after soaking with acetic acid." 
Preliminary statistical analysis indicated that both the 
papillary and the subclinical lesions showed the same 
type-specific viral associations. Hence, for subsequent 


analyses, both variants were grouped within a single 
category. 

The diagnosis of cervical or vulvar intraepithelial 
neoplasia, grade 1, was reserved for epithelia in which 
the lower third was occupied by undifferentiated stem 
cells. Above the basal layer, surface differentiation was 
generally associated with koilocytotic atypia. A diag- 
nosis of grade 1 intraepithelial neoplasia carried a con- 
notation of sufficient cytonuclear atypia and architec- 
tural disorganization to justify categorization as a pos- 
sible precursor. However, the distinction between 
condyloma versus grade | intraepithelial neoplasia was 
often difficult and subjective. 

The category of cervical or vulvar intraepithelial neo- 
plasia, grade 2, was reserved for architecturally disor- 
ganized epithelia, in which the basal two thirds was 
occupied by undifferentiated basal cells while those in 
the upper third displayed appreciable maturation. 
There was usually a clear distinction between grades 1 
and 2, but considerable overlap sometimes existed be- 
tween grades 2 and 3 intraepithelial neoplasias. 

The diagnosis of grade 3 intraepithelial neoplasia was 
reserved for lesions displaying complete architectural 
disorganization, being composed of abnormal cells that 
showed minimal or absent surface differentiation. In- 
vasive cancer was diagnosed according to standard cri- 
teria. Except for one case of microinvasion, all of these 
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Fig. 1. Florid exophytic vulvar condylomas in an insulin-dependent diabetic patient, which were 
negative for papillomaviral DNA at hybridization. A: Colpophotograph. (Original magnification 
x 16.) B: Photomicrograph. (Hematoxylin and eosin. Original magnification X 13.) C: Photomicro- 
graph. (Original magnification X 132.) 


lesions were clinically overt malignancies treated by 
radical operations. 

DNA hybridization. Samples were analyzed for viral 
DNA by Southern blot hybridization, as previously de- 
scribed.” For this procedure cellular DNA was ex- 
tracted and reduced to small pieces by restriction en- 
zyme digestion; the resulting fragments were separated 
according to size, by gel electrophoresis. The DNA frag- 
ments were denatured (meaning that double-stranded 
DNA was made single-stranded) and “blotted” onto a 
nitrocellulose filter. A panel of papillomaviral probes, 
each containing single-stranded, radiolabeled, type- 
specific viral DNA, was then incubated with the filter 
membrane under hybridization conditions, to allow an- 
nealing of the probes with any complementary seg- 
ments of viral DNA present within the extracted cel- 
lular chromatin. The reaction was initially conducted 
under conditions of low stringency (meaning 35° C be- 
low the melting point of double-stranded DNA), to al- 
low hybridization between any areas of partial nucleo- 
tide homology. After autoradiography, the filters were 
washed at high stringency (10° C below the duplex melt- 


ing point of DNA) to destabilize any partial hybrids, 
such as those between the different papillomaviral 
types. The pattern of bands remaining on a second 
autoradiograph provided a sensitive and reliable guide 
to the type of any papillomaviral DNA present in the 
biopsy specimen. Results were then reconfirmed by 
high-stringency hybridization with probes derived from 
the individual papillomaviral types. 

Data analysis. For each patient, the histologic grade 
and viral types of each of the multiple biopsy specimens 
were entered into a computerized data base and cross 
checked for accuracy. Data were analyzed on the Mich- 
igan Terminal System with the use of the Michigan 
Interactive Data Analysis System (MIDAS). This paper 
reports principally on the results of x* testing of the 
associations between the major variables. 


Results 

Analysis of this data base revealed several relation- 
ships between viral type and either anatomic distribu- 
tion or pathologic severity: 

Papillomaviral DNA was detectable in the majority 
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Table III. Type-specific disease associations of the 94 principal vulvar biopsy specimens 

















HPV type in hybridization-positive biopsy specimens* 
4] 12 7 t 


Worst 
vulvar diagnosis 






HPV 


Condyloma* 0 2 l 5 68 
VIN 1 l l 0 0) l 0 0 a 
VIN 2 0 0 2 0 6§ 0 0 8 
VIN 3 0 0 0 0 9 0 l 10 
Vulvar cancer 0 0 0 0 4 0 l 5 
Total 42 13 9 0 22¢8 l 7 94 





X” = 115.3, p = 0.001. HPV = Human papillomavirus; VIN = vulvar intraepithelial neoplasia. 


*Unclassified and type 31 human papillomavirus had a distribution pattern intermediate in severity to those of type 6 or 11 
and type 16 or 18. 


+Of the 68 “condylomas,” 65 were clinically apparent exophytic lesions and three were flat, subclinical lesions. 
tOne condyloma contained type 16 plus type 18. 
$One grade 2 vulvar intraepithelial neoplasia lesion contained type 16 plus type 6 and another contained type 16 plus type 11. 


Table IV. Type-specific anatomic patterns in 301 hybridization-positive biopsy specimens 


Anatomic site 
Cervix 








Papillomaviral type 





6 or 11 39 29 19 53 87 67 145 
Unclassified 20) 15 5 14 13 10 38 
31 14 10 l 3 0 0 15 
16 or 18 62 46 Li 31 30 23 103 
Total 135 100 36 100 130 100 301 





of lesions at low stringency. Low-stringency hybridi- 
zation showed that 194 (89%) of the 218 principal cer- 


‘vical or vulvar biopsy specimens contained papilloma- 


viral DNA of one type or another. Apart from a slightly 
lower detection rate (79%) in minor cervical lesions, 
positive hybridization results in the other lesions ap- 
proximated 90% (Table I). Within each diagnostic cat- 
egory, no obvious histologic differences were observed 
between biopsy specimens giving either positive or neg- 
ative hybridizations, suggesting that some apparently 
negative biopsy specimens may represent infection by 
unclassified viral types that do not react with the ex- 
isting panel of probes (Fig. 1). 

Type-specific disease patterns detectable at high 
stringency. Highly significant relationships were ob- 
served between “low-risk” types and minor lesions and 
between “high-risk” types and malignant lesions (x? = 
81.9 and 115.3, p = 0.000). On the cervix, type 6 or 
11 was found in 22 of 35 (63%) condylomas and six of 
18 (33%) grade 1 intraepithelial neoplasias (Table II). 
On the vulva, “low-risk” viruses were detected in 53 of 
68 (78%) exophytic condylomas and two of three grade 
l intraepithelial neoplasias (Table III). In contrast, 
“high-risk” viruses were found mainly within high- 
grade intraepithelial and invasive lesions (Tables II and 
III). Type 16, 18, or 31 DNA was identified in 20 of 


22 (91%) biopsy specimens of cervical intraepithelial 
neoplasia, grade 3, and nine of 11 (82%) invasive cer- 
vical cancers (including the adenosquamous carcinoma 
shown in Fig. 2). On the vulva, type 16 was found in 
15 of 18 (83%) high-grade intraepithelial neoplasias 
and four of five cancers (80%). Nonetheless, it is im- 
portant to note that 13 of 124 (10%) principal bi- 
opsy specimens from minor cervical or vulvar lesions 
contained “high-risk” papillomaviral types (Tables II 
and III). 

Anatomic distribution of the different papilloma- 
viral types. When 197 virus-containing principal biopsy 
specimens are combined with 104 secondary biopsy 
specimens that did not duplicate the viral types found 
in the principal samples, it is seen that most of the 
papillomaviral types can infect any of the anatomic sites 
(Table IV). However, type-specific trends were appar- 
ent. Types 6 and 11 were found in 67% of 130 vulvar 
biopsy specimens but only 29% of 135 cervical samples. 
In contrast, types 16 and 18 were detected in 46% of 
cervical specimens versus 23% of vulvar specimens. 
The unclassified types were almost equally distributed 
among the three sites. Type 31 was found in 10% of 
the cervical dysplasias but was not encountered on the 
vulva (Fig. 3). ! 

Multicentric lesions may show differing viral pat- 
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Fig. 2. A poorly differentiated adenosquamous carcinoma of the cervix that contained large amounts 
of papillomavirus type 18. A: Unmagnified photograph. B: Photomicrograph showing adenocarci- 
nomatous element. (Hematoxylin and eosin. Original magnififcation X 33.) C: Photomicrograph of 
squamous element. (Hematoxylin and eosin. Original magnification X 132.) 


terns. Among 58 women presenting with both cervical 
and vulvar disease, 46 had positive hybridization results 
at both sites. Thirty-two of these 46 samples (70%) had 
the same type of viral DNA in both samples and 14 
(30%) showed different types (Table V). Multicentric 


lesions containing the same viral types tended to be of 


similar histologic grade. For example, 23 of 27 patients 
with minor lesions had the same papillomavirus within 
both samples, as did five of six patients with grade 2 
or 3 intraepithelial neoplasia affecting both cervix and 
vulva. In contrast, only 43% of lesions containing dif- 
ferent viruses were of similar histologic grade, with two, 


three, and four levels of disparity being found in 21%, 
29%, and 7%, respectively (Fig. 4). 

Infrequent occurrence of mixed papillomaviral in- 
fections. Although different papillomaviruses were 
frequently encountered at different sites within the 
same patient, it was uncommon to find more than one 
viral type within a single biopsy specimen. Multiple viral 
types were found at different sites in 30 women (14 
principal biopsy specimens from women with multi- 
centric lesions and 16 secondary biopsy specimens 
taken from women sampled according to the original 


protocol). In contrast, only six (2%) of 301 hybridiza- 
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Fig. 3. A pie chart depicting the anatomic distribution of the different papillomaviral types. 
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Fig. 4. A pie chart comparing histologic grades of cervical and vulvar lesions, according to whether 
both biopsy specimens contained the same type or different types of papillomaviral DNA. 


tion-positive samples displayed more than one papil- 
lomaviral type within an area of uniform colposcopic 
appearance. Three of these six mixed infections, show- 
ing a combination of types 16 and 18, were obtained 
from histologically similar condylomas affecting the 
cervix, vagina, and vulva of the same patient (Fig. 5). 
A fourth example of mixed infection by types 16 and 
18 was found within an area of minimally acanthotic 
vaginal epithelium, collected from a patient with 
type 6 associated cervical and vulvar condylomas. The 
two remaining examples were vulvar condylomas that 
contained a combination of type 16 plus type 6 or 11. 


Although these exophytic lesions were unremarkable 
from the clinical viewpoint, biopsy specimens from both 
patients showed foci of grade 2 intraepithelial neo- 
plasia. 

Latent papillomaviral infection in adjacent tissue. 
Latent papillomaviral infection was found in a sub- 
stantial proportion of the histologically normal (or only 
minimally abnormal) secondary biopsy specimens. De- 
tection rates at the various sites were as follows: 36 of 
52 (69%) specimens from minor grade acetowhitening 
on the vulva; 16 of 25 (64%) areas of minor grade 
acetowhitening adjacent to more significant lesions 
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Table V. How multicentric lesions arise 





Secand site 
















Same 


HPV 


Different 
HPV 





Presenting lesion Negative | Total 





HPV 6 and 11 22 ? 4 28 
Unclassified HPV 4 0 4 8 
HPV I6 and 18 6 12 Q I8 
First-site negative 0 Q 4 4 
Total 42 i4 12 58 





HPV = Human papillomavirus. 


within the transformation zone; 34 of 80 (42%) speci- 
mens of vaginal epithelium showing a colposcopic pat- 
tern characterized by multiple, small acetowhite spikes 
(“asperities”) projecting above an otherwise pink vag- 
inal mucosa; two of eight (25%) specimens of normal- 
appearing immature squamous metaplasia, collected 
proximal to the new squamocolumnar junction in pa- 
tients with cervical intraepithelial neoplasia containing 
type 16 or 18; and five of 33 (15%) specimens from 
normal-appearing skin at the intended margin of laser 
destruction (Table VI). Within each category, no his- 
tologic differences were observed between virus-posi- 
tive and virus-negative samples. 

The five patients who had viral DNA detectable in 
biopsy specimens of colposcopically normal vulvar skin 
had the most extensive disease, as reflected by the fact 
that all of the 18 additional principal or secondary bi- 
opsy specimens from these five women gave positive 
hybridization results. Two of these patients had im- 
mune deficiencies and two others had severe diabetes. 
Conversely, among the group in whom the samples of 
normal-appearing vulvar skin gave negative hybridi- 
zation results, papillomaviral DNA was detectable in 
only 57 of the other 102 (56%) secondary biopsies col- 
lected from these women (x? = 10.9, p = 0.001). 


Comment 

Results of this study confirm that papillomaviral 
DNA (of one type or another) can be detected in most 
neoplastic lesions of the lower genital tract, irrespective 
of anatomic site or pathologic grade. Specific papillo- 
maviruses were associated with specific disease patterns, 
suggesting that this relationship is causal rather than 
coincidental. For the purposes of examining broad dif- 
ferences in the biologic significance of the specific viral 
types, it is useful to combine both cervical and vulvar 
lesions into a single table. Grouping the principal cer- 
vical and vulvar biopsy specimens as benign to mini- 
mally atypical, partial thickness intraepithelial neopla- 
sia, or fully neoplastic (with or without invasion) re- 
vealed that only one of 90 lesions (1%) containing type 
6 or I] had a diagnosis greater than grade 2 intraep- 
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Fig. 5. A bland-appearing condyloma containing papilloma- 
viral types 16 and 18. (Hematoxylin and eosin. Original mag- 
nification x 132.) 


ithelial neoplasia (Table VID. Conversely, 38 of 70 
samples (54%) containing type 16 or 18 DNA dis- 
played an unequivocally malignant phenotype (Fig. 6). 
Type 31 and the unclassified group showed an inter- 
mediate pattern, being detectable in lesions that, on 


Javerage, were significantly worse than those seen with 


types 6 and 11 but significantly less severe than those 
seen with types 16 and 18 (x = 1120.3, p = 0.001). 
Events in the individual patient remain a mystery. 
Why the clinical consequences of papillomaviral infec- 
tion should be generalized in some patients, yet local- 
ized to differing anatomic sites in others, is a major 
puzzle. The distribution patterns of the papillomavi- 
ruses detected in this study showed that the majority 
of types were detectable throughout the lower genital 
tract (Fig. 3). Nonetheless, type-specific differences in 
both site and severity were discernible. First, ana- 
tomic patterns showed some relationship to viral type. 
Whereas type 16 was detected in 36 of 71 high-grade 
cervical lesions and 20 of 26 vulvar neoplasias, type 31 
was not found in any of 180 vulvar biopsy specimens 
and type 18 was not encountered among 26 vulvar 











‘Table VI. Stepwise correlation between degree of pathologic expression and detectability of 


a papillomaviral DNA 


Biopsy category 





Biopsy site 

















Colposcopic appearance 


Histologic ee 









DNA 


- detection 


rate (F) - 





- Principal, vulvar Worst area of vulvar Definite condylomatous or Fully expr essed koilocytotic 93 
abnormality neoplastic lesion atypia with or without neo- 
plastic features 
Principal, cervical Worst area of cervi- Definite condylomatous or Fully expressed koilocytotic 86 
| cal abnormality neoplastic lesion atypia with or without neo- 
plastic features 
Secondary, vulvar Minor-grade aceto- Questionable lesion Acanthosis, capillary prolifera- 69 
lesion whitening of me- tion, occasional vacuolated 
dial labia minora cells 
Secondary, cervi- Minor acetowhiten- Questionable lesion Acanthosis, capillary prolifera- 64 
cal lesion ing of cervical tion, occasional vacuolated 
transformation cells 
5 ZONE 
Secondary, vaginal Vaginal epithelium, Questionable lesion Acanthosis, capillary prolifera- 42 
walls sampling of tion, occasional vacuolated 
“asperities” if cells 
present 
Secondary, Proximal to new Normal immature meta- Normal immature metaplasia 25 
normal meta- squamocolumnar plasia 
plasia junction 
Secondary, Laser vulvectomy Normal skin of labia Normal skin 
normal skin margin majora 





Table VII. Type-specific viral associations 
within the 218 principal biopsy specimens 
from cervix and vulva 











CIN 3, VIN 3, 
and invasive 
cancer 


Condylomas, 
CIN 1, andi CIN 2 and 
VIN I 











Papillomaviral 
type 






Total 






No virus found 16 4 4 24 
HPV 6 and li 83 6 l 90 
Unclassified HPV 13 g I 23 
HPV 31 2 5 4 1] 
HPV 16 and 18 10 29 38 70 
Total 124 46 48 218 





x’ = 120.3, p = 0.001. CIN = Cervical intraepithelial neo- 
plasia. VIN = Vulvar intraepithelial neoplasia. HPV = Hu- 
man papillomavirus. 


neoplasias. Second, the most florid manifestations of 
“low-risk” infections were seen on the introital mucosae 
or the labial and perineal skin, whereas the most severe 
effects of “high-risk” infections generally occurred on 
the cervix. For example, of 35 patients with type 6 or 
11 lesions of the transformation zone, only 31% pre- 
sented because of an abnormal Papanicolaou smear. 
The remainder were discovered during colposcopic ex- 
_ amination of women seen for vulvar condylomas. Con- 
versely, $ 93% of 58. women with type 16, 18, or 31 in- 
_ fections of the transformation zone presented with 

either abnormal cervical cytologic test results or symp- 
tomatic cancers. Hence individual variation in ana- 
tomic distribution and disease severity may be due, in 








part, to site-specific predilections of the different viral 
types. 

Individual variations in anatomic extent and clinical 
course also appear to reflect profound differences in 
the effectiveness of host response. The detection of 
latent papillomaviral infections in 55% of. secondary — 
biopsy specimens collected from adjacent areas of mi- 
nor grade acetowhitening and within 15%. ‘of colpo- 
scopically normal samples from the intended treatment 
margin indicates that viral genetic information is a nec- 
essary but not sufficient cause for condyloma formation 
or neoplastic change (Table VI). At least for the subset 
of patients in whom a single type of papillomaviral DNA 
was detectable at multiple sites, cell-virus interaction | 
seems to be regulated by. local factors. In short, does 
localized disease represen akdown of host 
control within a held o pillomaviral in- 
fection? | | | 

Another ees feature 














ipil maviral in infection l 


centric disease arises. Of the 58 women vithe concurrent | 
cervical and vulvar Daa 32 arose e hrongh diffuse i 


e 4). “ Monetheléss: :pellable Sees wae ‘not 
possible on clinical grounds. ie Ne | 
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Fig. 6. A bar chart comparing the differing severities of histologic change associated with the different 
papillomaviral types. A: Human papillomavirus type 6 or 11. B: Unclassified types. C: Human 
papillomavirus type 31. D: Human papillomavirus type 16 or I8. 


_.. The fundamental reason for collecting multiple bi- 
psy. specimens from adjacent tissues was to test the 
ek hypothesis that preexisting type 6 or 11 infection might 

; _ predispose to the subsequent entry of type 16, 18, or 
81, thereby implicating the so-called “low-risk” types as 

ie . facilitor y factors. We found no evidence of any such 

relationship. Rather, when multiple papillomaviruses 
were isolated from: a single patient, different types were 
generally confined. to. sharply. demarcated areas of dif- 
- _ fering histologic ; appearance. In short, prior infection 

_. by one papillomavirus. may actually resist subsequent 
-y superinfection by a second type. The only discernible 
ina relationship between the different groups appears to 

© -be that these various viruses display a morphologic re- 
<o semblance and share a common mode of transmission. 

_ Whether histologic examination can differentiate 

- “high-risk” from “low-risk” disorders remains contro- 
oo versial. Some workers report that type 16~associated 

one lesions < are recognizable by the presence of atypical mi- 

totic figures. ” Others have emphasized that papilloma- 













viral infection produces a spectrum of morphologic = : 
change, extending from condyloma to cancer." W thin” K 
this study, only one lesion having a diagnosis of sēvere 
dysplasia or worse was found to contain type 6 or H4 
DNA. However, the converse was not true. Overem- i 
phasizing the association between the “high-risk” group 
and atypical mitotic figures would have led us to overe- 
look the 10% of minor lesions associated with type 16, 
18, or 31, including several bland-appearing overt con- 
dylomas (Fig. 5). Morphologic overlap was greatest in 
middle-grade lesions, as reflected by the detection of 
“high-risk” types in 59% and “low-risk” or unclassified 
types in 32% of grade 2 intraepithelial neoplasias (Ta- 
ble VII). | 
Treatment of vulvar condylomas should take account - 
of the phases in the natural history of papillomaviral in- 
fection. Contact tracing studies suggested that, during 
an incubation period of 6 weeks to.8 months, latent viral 
infection becomes widely established. within the lower 
genital tract. Thereafter, rapid epithelial and capillary 














proliferation often results in focal papilloma formation. 
For patients seen early in the active phase, the clinician 
should understand that much of the apparent “spread” 
of disease really represents differing rates of evolution 
from latent to active infection at different sites. After 
about 3 months, lesion growth generally slows, presum- 
ably as a result of the host immune response.’ Although 
essentially all condylomas are surrounded by diffuse 
areas of subclinical infection, destruction of just the 
exophytic lesions will lead to stable remission in about 
85% of women. Hence laser therapy should be reserved 
for women in whom lesions are too extensive for control 
by caustic agents and for those who do not respond to 
simpler therapies. Once the decision to use the laser has 
been made, it is difficult to see what is achieved by “spot 
welding” only the exophytic condylomas. Prior clinical 
studies’ indicate that to avoid excessive rates of lesion 
recurrence, the approach should be to perform ex- 
tended laser destruction, encompassing all areas of col- 
poscopically suspected papillomaviral infection (as in- 
dicated by acetowhitening). 

Opinion is divided as to the best strategy for man- 


aging cervical condylomas. Given the prevalence of 


“high-risk” types in condyloma planum, the suscepti- 
bility of metaplastic epithelium to malignant transfor- 
mation, and the mnocuous nature of outpatient ther- 
apies, there is much to commend a policy of treating 
all cervical lesions by transformation zone ablation." 
While it is conceded that the majority of minor cervical 
lesions are not genuine precursors, effective treatment 
of all permissive infections would appear to be a rea- 
sonable step toward the control of western society’s bur- 
geoning epidemic of sexually transmitted papilloma- 
viral infections. 

In conclusion, a definite association was confirmed 
between papillomaviral type and pathologic grade. 
Types 6 and 11 were seldom found in bona fide neo- 
plasias, whereas types 16, 18, and 31 were most com- 
monly seen in cancers and definite premalignancies. 
Nonetheless, some 10% of clinically unremarkable le- 
sions contained types 16, 18, and 31. There appeared 
to be a stepwise correlation between the degree of his- 
tologic disturbance and the frequency of positive hy- 
bridizations, papillomaviral DNA being detectable in 
89% of the principal cervical and vulvar biopsy speci- 


mens (showing florid pathologic features), 55% of 


the minimally acetowhite secondary biopsy specimens 
(showing mild acanthosis, capillary proliferation, and 
occasional vacuolated cells) and 15% of the colposcop- 
ically normal secondary biopsy specimens (showing un- 
remarkable vulvar skin or immature squamous meta- 
plasia). H is postulated that individual variations in dis- 
ease distribution and clinical course are explained 
partly by site-specific predilections of the particular vi- 
ral types and partly by differences in host response. 
Given the chronicity of papillomaviral infections and 
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the ease with which latent viral DNA can be detected 
in adjacent tissues, the major mechanism of treatment 
failure may be reexposure of the healing area to a viral 
reservoir in “normal” epithelium. Whether untreated 
male partners also contribute to this viral reservoir re- 
mains an open question. | 
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iller' reported on a tumor group with a specific 
picture showing a glomerulus-like structure 
rmed the tumor “mesonephroma_ ovarii.” 

: termed the tumor “endodermal sinus tu- 





rats observed by Duval.’ The theory of the histogen- 
esis of the germ cell tumor proposed by Teilum has 
peer A and the tumor has been termed “yolk 
Bullock. ai 
= o A morphologic similarity of the yolk sac tumor to the 
human yolk sac has been pointed out.** In the present 
Be study: a morphologic comparison was made between the 


tumor and the human yolk sac in various stages of 
pregnancy, and in addition, a functional comparison of 


the producibility of a-fetoprotein was performed to 
study the histogenesis of the tumor. 


Material and methods 
We have seen 14 cases of yolk sac tumor in our de- 
-. partment during the past 24 years. Light microscopic 
investigations were carried out on these 14 cases, seven 
of which were electron microscopically observed. After 
informed consent was received, the yolk sacs were ob- 
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"resembles the eicieaal sinus in he placenta of 


in frasi study a comparison was made between human yolk sacs and yolk sac tumors. Tubules 
rounded by several to as many as 10 endodermal cells and intracellular tubules in one endodermal cell 
were equently observed. The tubules were seen abundantly in the yolk sac of a 4-week pregnancy, and 
mbled the. reticular pattern of the yolk sac tumor. It was also observed that the papillary 

re blood cells in the center and protruded into the endodermal tubules, 


y words: Yolk sac tumor, endodermal sinus tumor, human yolk sac 


tained from pregnant patients who had undergone hys- 
terectomies because of uterine myoma or cervical can- 
cer and from those who had undergone elective abor- 
tion during the past 8 years. Yolk sacs were obtained 
from a total of 27 cases: one at pregnancy week 4, three 
at week 5, four at week 6, nine at week 7, five at week 
8, two at week 9, two at week 10, and one at week IL 

For light microscopy the extirpated tissue fragments 
were fixed in 95% ethanol or 10% buffered formalin. 
Paraffin sections were treated with hematoxylin-eosin, 
Giemsa, or periodic acid~Schiff (PAS) staining. For 
electron microscopy, small pieces of tissue were fixed 
in 2.5% glutaraldehyde in 0.1 mol/L of cacodylate 
buffer, pH 7.4, for 1 hour and were postfixed in 0.2% 
osmium tetroxide in the same buffer for | hour. The 
samples were embedded in Epon 812 after dehydration 
in a graded ethanol series. Ultrathin sections were pre- 
pared with the aid of LKB 2088 Ultratome V and 
stained with uranyl acetate and lead citrate. Semithin 
sections adjacent to the electron microscopic sections 
were also prepared from the Epon-embedded material 
and stained with toluidine blue for light microscopic 
examinations. To investigate a-fetoprotein, the tissue 
fragments of the extirpated yolk sac tumors and the 
human yolk sacs were fixed in 95% alcohol. Paraffin 
sections were prepared and immunohistochemical lo- 


calization of a-fetoprotein was carried out with use of 


the peroxidase antiperoxidase method. | In addition, 
to confirm the specificity of a-fetoprotein, the cervix 
uteri, endometrium, and dysgerminoma were used as 
controls. | 
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Fig. 1. Cystic and microcystic structures fused mutually and formed a reticular pattern (toluidine 


blue staining). 


Results 


Ovarian yolk sac tumor 

Light microscopic findings. The highly atypical tumor 
cells showed various histologic structures that were 
characterized by a radiated arrangement of tumor cells 
centering around blood vessels. The structure resem- 
bled a glomerulus-like structure, and this was desig- 
nated as an endodermal! sinus pattern or a Schiller- 
Duval body. Around this structure, cystic and micro- 
cystic structures frequently were fused together, and 
a picture resembling a reticular pattern was seen 
(Fig. 1). Furthermore, undifferentiated small cells were 
closely arranged to form a solid pattern. Hyaline glob- 
ules were seen intracellularly and extracellularly and 
were PAS stain—positive in resistance to diastase diges- 
tion. Amorphous substances having a similar stainable 
property were seen extracellularly. However, only a few 
parts of the polyvesicular vitelline pattern were ob- 
served. The other tumor components were complicated 
by dysgerminoma, cystic teratoma, and Brenner tumor 
in two, four, and one patients, respectively. 

Electron microscopic findings. Cytoplasmic protrusions 
of tumor cells were seen between the vascular endo- 
thelial cells of the Schiller-Duval body and the tumor 
cell, and a basement-membranelike material having 
moderate electron density was seen around the pro- 
trusions. The adjacent tumor cells were bound by a 
tight junction and desmosomes. Short microvilli were 
observed on the cell surface and in the magnified in- 
tercellular cavity. The nucleus was elliptic or irregular 
in shape and had one to two nucleoli exhibiting nu- 
cleolonema. The cytoplasm was abundant in organelles, 


and many free ribosomes and glycogen granules were 
distributed all over the cytoplasm along with glycogen 
conglomerates at the border of the cytoplasm. Many 
ovoid mitochondria, closely related to the rough en- 
doplasmic reticulum, were also noted. 

Tumor cells forming structures other than that of 
the Schiller-Duval body consisted of similar cellular or- 
ganelles and closely resembled the tumor cells forming 
the Schiller-Duval body; that is, the tumor cells were 
sparsely arranged, had cytoplasmic protrusions, and 
were bound by a tight junction and desmosomes. Mi- 
crovilli were seen in the enlarged intercellular cavity 
and in the tubule in one tumor cell. The nucleus was 
large and irregular in shape and had well-defined nu- 
cleoli. Cellular organelles were abundant, and rough 
endoplasmic reticulum was arranged in a parallel man- 
ner and often surrounded by ovoid mitochondria, 
moreover, abundant rosettelike accumulations of gly- 
cogen granules were observed (Fig. 2). Occasionally a 
well-developed Golgi apparatus was seen, and in ad- 
dition, ovoid amorphous substances having high elec- 
tron density were observed near the rough endoplasmic 
reticulum. Extracellularly an amorphous substances 
surrounding the tumor cells was observed. This sub- 
stance was the same as the basement-membranelike ma- 
terial seen in the Schiller-Duval body. 

As mentioned previously, in light microscopic studies 
the tumor represented varying histologic pictures, but 
essentially it consisted of tumor cells having the same 
fundamental structure when viewed with an electron 
microscope. 

Human yolk sac. A comparison of yolk sac tumor 
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Fig. 2. A reticular pattern of tumor cells. Microvilli were seen on the cell surface. Desmosomes were 
seen. The nucleus had a nucleolus exhibiting nucleolonema. Ovoid mitochondria were closely in 
contact with parallelly arranged rough endoplasmic reticulum. Glycogen fields were observed as 
being dispersed. (x 10000.) 





Fig. 3. Many endodermal tubules and intracellular tubules were seen in the endoderm layer (fourth 
week of pregnancy; toluidine blue staining). 
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Fig. 4. Blood cells with a large nucleus were observed in the center of the endoderm protruding 
into the endodermal tubule (sixth week of pregnancy; toluidine blue staining). 


findings, mainly those of the yolk sac endoderm, was 
made. 

Light microscopic findings. The human yolk sac wall 
consisted of three layers: an endoderm facing the yolk 
sac cavity, a mesothelium facing the chorionic cavity, 
and a mesenchyme situated between them. The en- 
dodermal cells were cuboidal and displayed a Hagstone- 
like arrangement. Several to approximately 10 endo- 
dermal cells were arranged to form tubular structures 
(endodermal tubules), and a formation of microtubular 
structures also occurred within the cytoplasms of the 
endodermal cells (intracellular tubules). In the yolk sac 
of a 4-week pregnancy, many endodermal tubules and 
intracellular tubules were seen in the endodermal layer 
(Fig. 3). A structure in which the papillary endoderm 
protruded into the endodermal tubules was seen in 
some yolk sacs of 6- and 7-week pregnancies. Large 
blood cells were occasionally noted in the center of 
the papillary endoderm. This structure was found to 
be spherical when observed in the serial sections 
(Fig. 4). PAS staining after diastase digestion was pos- 
itive until approximately the seventh week of preg- 
nancy but negative thereafter. 

Electron microscopic findings. Short microvilli were reg- 
ularly arranged on the cell surface. Intercellularly, 
many slender cytoplasms protruded microvillously. 
The cells were bound by desmosomes and a tight junc- 
tion. The nucleus was generally ovoid and possessed 
nucleoli exhibiting nucleolonema. The cytoplasm was 
abundant in organelles, and the rough endoplasmic 
reticulum showed several 10-layered parallel arrange- 


ments. Glycogen granules were abundant. The for- 
mation of a glycogen field and a rosette by glycogen 
granules were observed. Ovoid mitochondria were 
present in close contact with the rough endoplasmic 
reticulum. Free ribosomes and Golgi apparatus were 
also observed as being dispersed. On the cell surface 
facing the endodermal tubules or intracellular tubules, 
microvilh were seen (Fig. 5). A basement membrane 
was noted between the endoderm and mesenchyme in 
some yolk sacs of 6- and 7-week pregnancies (Fig. 6). 
A spherical amorphous substance with a high electron 
density was observed in the cytoplasm of endodermal 
cells unul the fifth to ninth week of pregnancy (Fig. 5). 

a-Fetoprotein findings. Of 14 patients with yolk sac 
tumor, preoperative a-fetoprotein values in six patients 
(whose serum a-fetoprotein was measured by radio- 
immunoassay) were all found to be positive. a-Feto- 
protein values increased or decreased before and after 
surgery and at the time of chemotherapy as well as 
upon recurrence. A study of the immunohistochemical 
localization of a-fetoprotein produced negative results 
in the cervix uteri, endometrium, and dysgerminoma, 
which were selected as controls; a-fetoprotein, how- 
ever, was positive in the tumor cells of the yolk sac 
tumors. In the human yolk sac, a-fetoprotein was pos- 
itive in all the layers of the yolk sac endoderm until the 
seventh week of pregnancy (Fig. 7). There were a- 
fetoprotein—positive cases in some yolk sacs after 8 
weeks of pregnancy. Neither the mesothelium nor the 
mesenchyme gave positive findings. These modes of 
appearance of a-fetoprotein were nearly coincident 
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Fig. 5. Microvilli were seen on the cytoplasmic surface. Parallelly arranged rough endoplasmic 
reticulum was adjacent to mitochondria. Glycogen was abundant and distributed all over the cyto- 
plasma. A spherical amorphous substance was seen near the rough endoplasmic reticulum (sixth 
week of pregnancy). (x 5000.) 





Fig. 6. Basement membrane was observed at the border between the superior endoderm and the 
inferior mesenchyme (arrows) (sixth week of pregnancy). (x 16000.) 
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Fig. 7. a-Fetoprotein was observed as a brownish vellow granule in all the layers of the yolk sac 
endoderm of a 6-week pregnancy. Mesenchyme was a-fetoprotein—negative. 


with those of the substance that was PAS stain—positive 
after diastase digestion. 


Comment 


With respect to the histogenesis of the yolk sac tumor, 
Teilum et al.” ** compared the histologic picture with 
viviparous tissue and proposed a histogenesis theory of 
the germ cell tumor. Huntington and Bullock® 7 sup- 
ported Teilum’s theory, and at present Teilum’s theory 
is accepted as valid. 


Despite the indication of morphologic similarity of 


the tumor to the human yolk sac, there have been few 
comparative studies of the tumor and the human yolk 
sac. In the report by Gonzalez-Crussi and Roth,* it is 
difficult to detect by light microscopy in the human 
yolk sac the structure of the placenta of rats for which 
the term “endodermal sinus tumor” was proposed by 


Teilum. This may be due to the insufficient number of 


cases used in previous reports and the fact that until 


now no studies on the yolk sac in various stages of 


pregnancy have appeared in the literature. However, 
our study of yolk sacs in 27 cases showed a similarity 
between the yolk sac endoderm and the yolk sac tumor. 
By light microscopy both gave positive results in PAS 
staining after diastase digestion, and they were also a- 
fetoprotein—positive, The findings of the endodermal 
tubules and intracellualr tubules seen in the yolk sac 
endoderm of the 4-week pregnancy cases resembled 
those of the reticular pattern of the tumor. The struc- 
ture in which the papillary endoderm contained blood 
cells in the center and protruded into the endodermal 
tubules was spherical in the serial sections but closely 


resembled the Schiller-Duval body. Moreover, an elec- 
tron microscopic comparison between the yolk sac tu- 
mor and the yolk sac endoderm showed morphologic 
similarities such as a mode of cellular bonding, micro- 
villi, nucleoli-presenting nucleolonema, layered rough 
endoplasmic reticulum closely adjacent to mitochon- 
dria, rosette-forming glycogen, ovoid and amorphous 
granules, and basement membrane and basement 
membrane-like materials. As mentioned above, mor- 
phologically the tumor had a marked similarity to the 
volk sac endoderm. | | | 

Gonzalez-Crussi and Roth* reported that the mor- 
phologic change began at the tenth week of pregnancy. 
However, in our study the morphologic findings and 
the functional study of a-fetoprotein production of the 
yolk sac suggest that activity is present until approxi- 
mately the seventh week of pregnancy and declines 
toward degeneration and involution thereafter. 

In respect to the basement membrane of the human 
yolk sac, both Hoyes'* and Fukuda" have reported no 
observations of the basement membrane when the yolk 
sac was observed in the eighth and tenth week and in 
the fourth to fifth week of pregnancy, respectively. 
However, Nogales-Fernandez et al." have mentioned 
that when the yolk sac was observed in the seventh and 
twelfth week, the basement membrane was seen be- 
tween the endoderm and the mesenchyme in the yolk 
sac of a 7-week pregnancy, and its presence was the 
main characteristic of the young yolk sac. We also ob- 
served the basement membrane in the yolk sacs of 6- 
and 7-week pregnancies. This fact, as Nogales-Fernan- 
dez et al.” have indicated, suggests that the basement 
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membrane may be main characteristic of the young yolk 
sac. However, our observations of the yolk sacs of 4- 
and 5-week pregnancies showed the absence of the 
basement membrane, as was also reported by Fukuda.’ 
These findings suggest that the basement membrane is 
observable during a certain period, that is, the period 
of greatest activity in the human yolk sac. The basement 
membrane is presumably a material such as a-fetopro- 
tein produced in the yolk sac. 

In a study of the yolk sac tumor, Abelev et al. have 
suggested that the a-fetoprotein becomes one index of 
yolk sac tumors, including extragonadal ones, and No- 
gales-Fernandez et al.? have proved the production of 
a-fetoprotein by means of the tissue culture method. 
In our patients also the serum a-fetoprotein was pos- 
itive, and furthermore, a-fetoprotein was proved to be 
present in the tumor cells. With regard to human yolk 
sacs, Gitlin ‘et al. have proved the production of a- 
fetoprotein by culturing human yolk sacs and reported 
that the production was especially conspicuous in 
young yolk sacs. Our demonstration of the localization 
of a-fetoprotein has disclosed that a-fetoprotein is pos- 
itive in the yolk sac endoderm until the seventh week 
of pregnancy and that the production of a-fetoprotein 
is the most conspicuous in this period. Since this period 
is nearly coincident with the time of pregnancy at which 
the basement membrane was seen, the basement mem- 
brane presumably consists partly of a-fetoprotein. The 
electron microscopic findings of the endoderm exhibit 
vigorous protein synthesis, which supports these facts. 

As mentioned above, in view of the morphologic and 
functional aspects of a-fetoprotein production, it was 
concluded that the tumor resembles the human yolk 
sac endoderm before 7 weeks of pregnancy. 
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Effects of maternal anemia on uteroplacental and fetal 


oxidative metabolism in sheep 


Mary E. Paulone, M.D., Daniel I. Edelstone, M.D., and Ann Shedd, M.D. _ 


Pittsburgh, Pennsylvania 


We studied the effects of acute isovolemic maternal anemia on several variables of uterine and fetal 
oxygenation to answer these two questions: (1) Does maternal anemia cause reductions in oxygen 
delivery to the uterus, placenta, and fetus? (2) If so, what is the impact of such reductions on fetal 
oxidative metabolism? In 15 chronically catheterized pregnant sheep and fetal lambs, we measured uterine 
and umbilical blood flows and uterine and fetal oxygen deliveries, oxygen extractions, and oxygen 
consumptions at various, randomly selected maternal hematocrits ranging from 30% to 8%. We altered 
maternal hematocrit by performing isovolemic exchange transfusions with plasma or packed red blood 
cells. Uterine and umbilical blood flows were measured with the radionuclide-labeled microsphere 
technique, and the variables of oxygenation were calculated with modifications of the Fick principle. 
Decreases in maternal hematocrit led to linear reductions in oxygen delivery to the uterus, placenta, and 
fetus. Despite reductions in oxygen delivery of up to 50%, fetal oxygen consumption was maintained, 
because of compensatory increases in oxygen extraction. When hematocrit (and thus fetal oxygen 
delivery) was reduced by more than 50%, fetal oxygen consumption and the arterial blood base excess 
both decreased, indicating that, at these hematocrit levels, the supply of oxygen to fetal tissues was 
inadequate for the demands for oxygen by these tissues. (Am J OBsTET Gyneco. 1987;156:230-6.) 


Key words: Uterine blood flow, umbilical blood flow, fetal oxygen consumption, acute 


isovolemic anemia 


Anemia during pregnancy is acommon clinical prob- 
lem, affecting up to 5% of all pregnancies.’ Anemic 
women are more likely to be delivered of infants who 
are stillborn or hypoxic at birth. Although the adverse 
consequences of maternal anemia have been known for 
many years, the specific reasons for these poor out- 
comes are unknown. During anemia the delivery of 
oxygen to the fetus may be reduced. The ways in which 
uteroplacental or fetal tissues could adjust to a reduced 
oxygen delivery should be the same as those by which 
tissues in nonpregnant animals compensate for ane- 
mia.? Although the cardiovascular effects of anemia 
on nonpregnant animals have been systematically stud- 
ied,” * there are few experimental data on the circula- 
tory consequences of anemia when it occurs during 
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pregnancy.*° The purpose of our studies was to answe! 
the following two questions: (1) Does maternal anemi: 
cause reductions in oxygen supply to the uterus, pla 
centa, and fetus? (2) If so, what is the impact of these 
reductions on fetal oxidative metabolism? To answer 
these questions, we have designed experiments in preg: 
nant sheep to assess the effects of variations in materna 
hematocrit on the oxygen tensions and oxygen con: 
centrations of uterine and umbilical blood, the oxyger 
consumptions of the uterus and fetus, and the acid. 
base balance of fetal blood. 


Methods 


Preparation of animals. We surgically prepared 
15 singleton pregnant sheep whose gestational ages 
ranged from 105 to 130 days (term = 147 days).® After 
an epidural or spinal anesthetic (tetracaine hydrochlo- 
ride, 1%) was administered to the mother, we inserted 
catheters into two maternal hind limb arteries and a 
vein in all 15 sheep. These catheters were advanced 
into the descending aorta and inferior vena cava, re- 
spectively. In seven of the 15 sheep, a catheter was 
threaded retrograde into the maternal left ventricle by 
way of a carotid artery. Correct location of this catheter 
tip was established by observing the characteristic left 
ventricular pressure waveform. In 11 of the sheep, we 
opened the maternal abdomen and inserted a catheter 
into the uterine vein draining the horn containing the 
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fetus; the tip of this catheter was placed approximately 
4 cm caudad to the ovary.’ In 10 of the sheep, we incised 
the pregnant uterine horn and inserted catheters into 
two fetal hind limb arteries and a vein.®” These cath- 
eters were advanced into the fetal descending aorta and 
abdominal inferior vena cava, respectively. A catheter 
was also placed inte the common umbilical vein through 
a periumbilical skin incision. Anesthesia for catheter 
placements in the fetus was provided by local infiltra- 
tion with lidocaine hydrochloride, 0.5%. All incisions 
were closed and catheters were led subcutaneously to 
the ewe’s flank where they were stored in a pouch. The 
animals recovered for 2 to 7 days before any experi- 
ments were performed. We studied the unanesthetized 
mothers and fetuses as the ewes stood quietly in an 
open transport cage. 

Experimental procedures. We measured uterine and 
umbilical blood flows, uterine and fetal oxygen deliv- 
eries, Oxygen extractions, and cxygen consumptions 
and fetal acid-base balance at various, randomly deter- 
mined levels of maternal hematocrit ranging from 30% 
to 8%. From the 15 animals studied, we obtained data 
on the uterine bleod flow and uterine oxidative re- 
sponses to maternal anemia (uterine responses) in 
seven of the sheep and on umbilical blood flow and 
fetal oxidative responses (fetal responses) in 10 of the 
sheep. To produce maternal anemia of varying de- 
grees, we performed isovolemic exchange transfusions 
by infusing plasma or packed red blood cells, obtained 
from donor pregnant sheep, through one maternal 
catheter while withdrawing whole blood at the same 
rate from a second catheter. Hematocrits were changed 
slowly during | to 4 hours, during which time maternal 
and fetal aortic blood pressures (obtained with Sta- 
tham P23Db pressure transducers) and heart rates (via 
cardiotachometers) were continuously monitored and 
recorded (Beckman 611A polygraph). As the ex- 
change transfusions were progressing, we periodically 
obtained blood samples for the determination of ma- 
ternal hematocrit. When hematocrit had reached a pre- 
viously selected level, we discontinued the exchange 
transfusion and waited for maternal hematocrit and 
maternal and fetal heart rates and blood pressures to 
be stable for at least 30 minutes. 

In the studies on the uterine responses to maternal 
anemia, we withdrew 0.6 ml blood samples simulta- 
neously from the maternal descending aorta and 
uterine vein at each hematocrit studied. Then ap- 
proximately 5 to 10 x 10° radionuclide-labeled micro- 
spheres (15 um diameter) were injected into the ma- 
ternal left ventricle, while a reference blood sample was 
withdrawn from the descending aorta at 7.9 ml/min.’ 
We used this high withdrawal rate during the micro- 
sphere injections to ensure that blood flow measure- 
ments made in the anemic animals were accurate.” In 
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the studies on the fetal responses to maternal anemia, 
we obtained 0.6 ml blood samples simultaneously from 
the fetal descending aorta and umbilical vein, after 
which I to 2 x 10° microspheres were injected into the 
fetal inferior vena cava, while a reference blood sample 
was withdrawn from the fetal descending aorta at 3.9 
ml/min.* ’ The volume of fetal blood withdrawn was 
replaced with an equivalent amount of fresh maternal 
whole blood of similar hematocrit so that fetal blood 
volume could be kept constant. Maternal and fetal aor- 
tic blood pressures and heart rates were stable before, 
during, and after microsphere injections.” All blood 
samples were analyzed for blood gases and pH, he- 
matocrit, and blood oxygen concentration.” ’ Blood 
samples were kept on ice and were analyzed within 15 
minutes. Blood gases and pH were measured at 37° C 
with standard electrodes and a blood gas meter (In- 
struments Laboratories) and were then corrected to 
39° C for maternal blood samples and 39.5° C for fetal 
blood samples; hematocrit was measured in duplicate 
with the microcapillary technique; and blood oxygen 
concentration was measured with an oxygen analyzer 
(Lex-O,-Con, Lexington Instruments). When the blood 
sampling and blood flow measurements were com- 
pleted at any given maternal hematocrit, we changed 
hematocrit to a new level and repeated the measure- 
ments. For the uterine responses to maternal anemia, 
we made 27 observations in seven sheep; for the fetal 
responses, we made 33 observations in 10 sheep. 
Preparation of tissues and calculation and analysis 
of data. At the end of the study, the sheep and fetus 
were killed with an overdose of pentobarbital sodium, 
and all catheter locations were verified visually. The 
uterus, placental cotyledons, placental membranes, and 
fetus were removed and weighed. Uterine, placental, 
and membrane tissues were incinerated at 280° C for 
48 hours, after which the ashed tissues were packed 
into counting vials. The amounts of each radionuclide 
in the tissues and in the aortic blood reference samples 
were measured with a well-type gamma scintillation 
counter (Model 1185R, Tracor) and a 1024-channel 
pulse-height analyzer (Ultima II, Norland Corp).* Nu- 
clide isotope separation was performed by computer 
(Nova 3, Data General). Aortic blood reference samples 
and all tissue samples contained more than 1500 mi- 
crospheres to ensure that the error in any blood flow 
measurement was <5% at the 95% confidence limits.° 
We computed uterine (Qu) and umbilical (Qum) blood 


flows as follows: 
; CPM,, \ 
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Fig. 1. Uterine blood flow ( Ou), uterine oxygen delivery (DOs), 
uterine oxygen consumption (VO,,,), and uterine oxygen ex- 
traction as functions of maternal hematocrit. Qu, DOzu and 
VO24 are expressed per kilogram of uterus plus placenta plus 
fetus. A, Q,, versus hematocrit. y = 235 + 2.7x; r = 0.21, ns. 
B, DO2, versus hematocrit. y = ~4.5 + 1.73x; r = 0.78, 
p < 0.001. C, VO versus hematocrit. y = —2.2 + 3.9 Inx; 
r = 0.68, p < 0.001. D, Oxygen extraction versus hematocrit. 
y = 194x7°®; r = 0.79, p < 0.001. Analyses are based on 27 
observations made in seven sheep. 
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Fig. 2. Uterine venous blood oxygen concentration (C,,,02) and 
uterine venous blood oxygen tension (P,,,0,) as functions of 
maternal hematocrit. A, CaO: versus hematocrit. y = —1.4 + 
0.4x; r = 0.95, p< 0.001. B, PaO versus hematocrit. y = 
0.3 + 13.6 Inx; r = 0.91, p< 0.001. Analyses are based on 
27 observations made in seven sheep. 


ine muscle plus maternal portion of the placenta and 
CPM... = radioactive counts per minute in the ma- 
ternal aortic blood reference sample, both derived from 
a maternal injection of microspheres; CPM,,,,, = radio- 
active counts per minute in the fetal portion of the 
placenta plus the amniotic and allantoic membranes 
and CPM, = radioactive counts per minute in the 
fetal aortic blood reference sample, both derived from 
an injection of microspheres into the fetal inferior 
vena Cava; Qeu = maternal descending aortic refer- 
ence blood flow; and Qer = fetal descending aortic 
reference blood flow, determined by calibration of the 
withdrawal pumps. 

Three variables of uterine oxygenation were com- 
puted with modifications of the Fick principle’: 


Uterine oxygen delivery (DOn) = Ou (CaO,) 


Uterine oxygen eg E 
consumption (VO) Qu (CaO, — CutvO,) 


Uterine oxygen _ VO, DO, = 
extraction = oe 
(CaO, — CutvO,)/CaO, 


y TR eee 
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where CaO, = oxygen concentration in maternal ar- 
terial blood, CutvO, = oxygen concentration in uterine 


venous blood, and On = uterine blood flow. Quo DOzo 


and VO.,, were expressed per kilogram of uterus + 
placenta + fetus. 

We calculated three variables of fetal oxygenation, 
using the following formulas**: 


Fetal oxygen delivery (DO; jus) = Qun (CuvOz) 


Fetal oxygen _¢ B 
consumption (VO teu) Quum» (GuvO, — CuaQy) 


Fetal oxygen 


. ocd VO. ` /DO Fas = 
extraction 2 fetu: 2 fet 


(CuvO, — CuaO,)/CuvO, 


where CuvO, = oxygen concentration in umbilical ve- 
nous blood, CuaOQ, = oxygen concentration in fetal de- 


scending aortic (umbilical arterial) blood, and Qum» = 


umbilical blood flow. Q umb» DO, mws and VO; sem, Were 
expressed per kilogram of fetus. 

Uterine and umbilical blood flows, arterial and ve- 
nous blood oxygen concentrations and oxygen tensions, 
and uterine and fetal oxygen deliveries, oxygen con- 
sumptions, and oxygen extractions (dependent vari- 
ables) were plotted against maternal hematocrit (in- 
dependent variable). We analyzed the data statistically 
with a weighted least-squares method based on analysis 
of covariance, with which we could generate regression 
lines that took into account responses seen in individual 
animals." With this method of analysis, we could define 
mathematically the relationships that existed between 
the various dependent variables and the independent 
variable. Linear, logarithmic, and power functions were 
all tested for best fit; the function selected as best de- 
scribing each relationship had the greatest correlation 
coefficient associated with the least residual sum of 
squares.'' For all analyses, p values <0.01 were used to 
indicate statistically significant correlations. 


Results 


In the 15 animals studied, gestational age was 
122 + 5 (mean + SD) days on the day of study, ma- 
ternal weight was 43 + 6 kg, and fetal weight was 
2.6 + 0.4 kg. Maternal hematocrit before the start of 
the studies was 27% + 2%. The data are presented in 
six figures, which illustrate the effects of maternal ane- 
mia on uterine blood flow and uterine oxygenation, the 
transfer of oxygen from uterine blood to umbilical 
blood, and the delivery of oxygen to and the con- 
sumpticn oT oxygen by the fetus. 

Uterine blood flow (Fig. 1, A) was independent of 
maternal hematocrit over the range of hematocrits 
studied, and therefore uterine oxygen delivery de- 
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Fig. 3. Relationship of umbilical venous blood oxygen tension 
(P,,,02) to uterine venous blood oxygen tension (P02) during 
acute maternal anemia. y = — 14.2 + 0.98x; r = 0.85, p< 
0.001. Analysis is based on 24 observations made in six sheep. 
The dashed line represents the line of identity. 


creased linearly as a function of decreasing maternal 
hematocrit (Fig. 1, B). Despite large reductions in uter- 
ine oxygen delivery, oxygen consumption by the uterus 
and its contents, the placenta and fetus, decreased 
only slightly as hematocrit was reduced to about 15% 
(Fig. 1, C), because oxygen extraction by these tissues 
increased (Fig. 1, D). The increase in uterine oxygen 
extraction was reflected in decreases in uterine venous 
blood oxygen concentration and oxygen tension (Po) 
(Fig. 2, A and B). Furthermore, the decrease in uterine 
venous blood Po, was associated with equivalent de- 
creases in umbilical venous blood Po, (Fig. 3). Umbilical 
venous blood Po, was about 14 mm Hg less than uterine 
venous blood Po, over the range of maternal hema- 
tocrits studied (30% to 8%). 

The reductions in umbilical venous blood Po, re- 
sulting from maternal anemia led to reductions in um- 
bilical venous blood oxygen concentration (Fig. 4, A). 
Umbilical blood flow, however, was unaffected by any 
level of maternal anemia produced (Fig. 4, B). Thus 
fetal oxygen delivery fell as a direct function of ma- 
ternal hematocrit (Fig. 4, C). In response to this fall in 
fetal oxygen delivery, oxygen extraction (Fig. 5, A) in- 
creased sufficiently for fetal oxygen consumption to be 
maintained despite reductions in maternal hematocrit 
from 30% to about 15% (Fig. 5, B). When hematocrit 
was reduced to levels below about 15%,. fetal oxygen 
consumption fell, because the further increases in oxy- 
gen extraction were insufficient to fully compensate for 
the further declines in fetal oxygen delivery. Since fetal 
oxygen extraction = (CuvO, — CuaQ,)CuvOs,, it fol- 
lows that CuaO, = CuvO, (1 — fetal oxygen extrac- 
tion). Thus increases in fetal oxygen extraction were 
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Fig. 4. Umbilical venous blood oxygen concentration (C,,02), 
umbilical blood flow (Que), and fetal oxygen delivery (DO; ptn) 
as functions of maternal hematocrit. Ques and DO; fau are ex- 
pressed per kilogram of fetus. A, CuvO, versus hematocrit. 
y = 0.24 + 0.44x; r = 0.84, p < 0.001. B, Qum versus hema- 
tocrit. y = 224 — 0.66x; r = 0.08, NS. C, DO2 gue versus he- 
matocrit. y = —0.15 + 0.94x; r = 0.81, p < 0.001. Analyses 
are based on 33 observations made in 10 sheep. 


associated with reductions in fetal arterial blood oxygen 
concentration: Arterial blood oxygen concentration 
was linearly related to maternal hematocrit (y = 
— 1.38 +0.36x; r = 0.90, p < 0.001). 

Because maternal anemia led to reductions in fetal 
oxygen delivery and arterial blood oxygen concentra- 
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tion, we were also interested in identifying how thes 
reductions affected fetal acid-base balance. Fig. 6 shov 
that, as long as oxygen delivery to the fetus was greate 
than approximately 14 ml O,/min/kg of fetus, whic 
corresponded to maternal hematocrits greater tha 
about 15%, fetal oxygen consumption and arteri: 
blood base excess remained within normal limits. Hov 
ever, when fetal oxygen delivery was <14 ml/min/k 
of fetus (maternal hematocrit <15%), oxygen cor 
sumption and arterial blood base excess both fell, ir 
dicating that, at these severities of maternal anemi: 
delivery of oxygen to the fetus was inadequate for th 
demands for oxygen by the fetus. 


Comment 
The data in this report establish that acute matern 


anemia causes reductions in the delivery of oxygen | 
the uterus, placenta, and fetus. Despite such reductior 
in oxygen delivery, fetal oxidative metabolism can t 
sustained over a wide range of maternal hematocrit 
In our studies anemia had no significant effect on ute 
ine blood flow. Uterine perfusion could have change 
as a consequence of direct rheologic effects of the an 
mia on blood viscosity’ or as a result of secondary effec 
of anemia on neural or endocrine vascular regulation. 
It is possible that both of these factors were affecte 
equally but in opposite directions, with the net resu 
being that uterine blood flow did not change. Sine 
anemia was associaied with reductions in arterial bloo 
oxygen concentration, the delivery of oxygen to tł 
uterus (uterine blood How x arterial blood oxyge 
concentration) decreased linearly as a function of m: 
ternal hematocrit. Regardless of this decrease, oxyge 
consumption by the uterus and its contents, the pl: 
centa and fetus, was only minimally affected by redu 
tions in hematocrit, and thus in oxygen delivery, of ; 
much as 50% below normal levels. Wilkening an 
Meschia® noted similar responses when uterine oxyge 
delivery was reduced <50% as a result of decreases i 
uterine blood flow. In our studies uterine oxygen cor 
sumption was maintained at or near normal levels whe 
maternal hematocrits were greater than about 15% 
because oxygen extraction increased as compensatioi 
Oxygen extraction is a measure of two diffusion var 
ables, the capillary-to-cell Po, gradient and the capillar 
surface area (capillary density) available for oxygen e: 
change.” The increase in uterine oxygen extractio 
that we observed during acute anemia could have ri 
sulted from an increase in the Po, gradient betwee 
maternal-placental and fetal-placental capillaries c< 
from an increase in the density of maternal or fet: 
placental capillaries or both. Our data do not indica 
which of these diffusion variables was more likely to t 
affected by maternal anemia. 
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Fig. 5. Relationship of fetal oxygen extraction and fetal oxygen 
consumption (VO; pw) to maternal hematocrit. VO; p is ex- 
pressed per kilogram of fetus. A, Oxygen extraction versus 
hematecrit. y = .165x~"°; r = 0.86, p< 0.001. .B,: VO; fit 
versus hematocrit. y = (27.2 Inx — 50. 6) Vx; r = 0.69, p< 
0.001. Data analyses are based on 33.observations made in 10 
sheep. 


The increase in uterine oxygen extraction we noted 
was reflected in reductions in uterine venous blood OXY- 
gen concentration and Po,. Bissonette et al.‘ observed 
similar responses to anemia in experiments on anemic 
pregnant goats. Such reductions in uterine venous 
blood Po, have important implications insofar as the 
transfer of oxygen from mother to fetus via the pla- 
centa is concerned." The placentas of several species, 
including sheep’ and man, function as concurrent ex- 
changers for oxygen. Ina concurrent gas exchanger, 
the Po, of the blood in the donor. effluent (maternal- 
placental venous blood, approximated by measuring 
Po, in uterine venous blood) must always equal or ex- 
ceed the Po, of the blood in the recipient effluent (fetal- 
placental venous blood, approximated by measuring 
Po, in umbilical venous blood).'* Our data showed that 
uterine venous blood Po, exceeded umbilical venous 
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Fig. 6. Fetal oxygen consumption ( VO, fu) and fetal arte- 
rial blood base ‘excess. as functions of fetal oxygen delivery 
(DO; jud. VO: jews and DO, faus ATE expressed per kilogram of 
fetus. A, VO, faw VETSUS DO pu Y = — 3:99 + 3.74 lnx; 
r= 0.84, p< 0. 00]. B, Base excess versus DO: pme Y = 
NO Gt 7.29 ‘lnx; r = 0.69, p< 0.001. Data analyses are 
based on 33 observations made in 10 sheep. 


blood Po, by about 14 mm Hg over the range at ma- 
ternal hematocrits studied, 30% to 8%. This rélation- 
ship is similar to- that observed by Wilkening and 
Meschia® and by Rankin et al., who used widely dif- 
fering methods to reduce uterine venous blood Po». 
Many factors could have contributed to this uterine 
venous- -umbilical venous blood Po, difference, includ- 
ing uneven perfusion within the maternal- -placental 
and fetal- -placental circulations, : differing hemoglobin 
types and hemoglobin-oxygen affinities in the maternal 
and fetal bloodstreams, shunting of uterine and um- 
bilical blood flows away from placental gas exchange 
surfaces, and the high rate of oxygen consumption by 
the placenta itself. * Although any or all of these fac- 
tors could have been affected by. acute maternal ane- 
mia, our data indicate that, overall, anemia had no ef- 
fect on the function of the placenta as an oxygen ex- 
changer. 

Because umbilical venous and uterine venous blood 
Po, values were closely linked during acute maternal 
anemia, umbilical venous blood oxygen concentration 
was directly related to maternal hematocrit. Since um- 
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bilical blood flow was unaffected by any level of anemia 
produced, our studies indicate that oxygen delivery to 
the fetus (umbilical venous blood oxygen concentra- 
tion X umbilical blood flow) was a linear function of 
maternal hematocrit. However, despite reductions in 
maternal hematocrit and thus in fetal oxygen delivery, 
of up to about 50%, fetal oxygen consumption was kept 
constant as a result of compensatory increases in fetal 
oxygen extraction.** As a consequence of this greater 
oxygen extraction, fetal arterial blood oxygen concen- 
tration was reduced. Cefalo et al.? also observed hy- 
poxemia in fetal lambs whose mothers were made ane- 
mic acutely. Since oxygen supply to fetal tissues is a 
function of the arterial blood oxygen concentration and 
the tissue blood flow, fetal hypoxemia induced by ma- 
ternal anemia will be associated with decreases in oxy- 
gen delivery to some fetal organs and tissues. When 
these decreases are severe enough, tissue anaerobic me- 
tabolism will result." 

The stable fetal oxygen consumption we observed 
during reductions in fetal oxygen delivery of up to 50% 
was not due to an improvement in the efficiency of 
placental gas exchange during maternal anemia (see 
Fig. 3).* Rather it was an indication that, under normal 
conditions, the delivery of oxygen to the fetus is con- 
siderably in excess of the demands for oxygen by the 
fetus (see Fig. 6). Reductions in fetal oxygen delivery 
from about 28 to about 14 ml O;/min/kg of fetus were 
not associated with significant decreases in either fetal 
oxygen consumption or arterial blood base excess. 
However, when oxygen delivery was decreased to less 
than about 14 ml O,/min/kg, both oxygen consumption 
and base excess fell as oxygen delivery became inade- 
quate for oxygen demands. These responses are qual- 
itatively and quantitatively the same as the responses 
that have been observed when fetal oxygen delivery has 
been reduced by other maneuvers, such as reductions 
in uterine blood flow? or umbilical blood flow’ or the 
development of fetal anemia.’ Taken, together all of 
these experiments strongly support the concept that 
the level of fetal oxygen delivery, rather than the spe- 
cific condition that may adversely affect oxygen deliv- 
ery acutely, is more important in predicting the rate of 
fetal oxidative metabolism.® 7 

Our current data cannot and should not be extrap- 
olated to encompass chronic degrees of anemia in an- 
imal or human pregnancies. It is unknown how chronic 
anemia might affect fetal oxygenation. We do, however, 
have preliminary data from chronically anemic preg- 
nant sheep that indicate that fetal oxygen delivery can 
be reduced sufficiently to affect not only fetal oxidative 
metabolism but also fetal growth. 
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In summary, the data in the present report indica 


that acute maternal anemia causes reductions in fet 
oxygen delivery, for which the fetus can compensate | 
ensure that oxygen delivery to fetal tissues is adequa 
for oxidative metabolism. When maternal anemia 
sufficiently severe, however, the delivery of oxygen | 
the fetus becomes inadequate for the demands for ox 
gen by fetal tissues. If similar responses were to t 
observed in human pregnancies, these responses mig] 
help to explain why anemic pregnant women are mo} 
likely to be delivered of infants who are stillborn í 
hypoxic at birth. 
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Triiodothyronine receptors in porcine granulosa cells 


Najib G. Wakim, M.D., Natarajan Ramani, Ph.D., and Ch. V. Rao, Ph.D. 


Louisville, Kentucky 


Triiodothyronine has been found to enhance gonadotropin- and insulin-stimulated morphologic luteinization 
and progesterone production by porcine granulosa cells in culture. The role of triiodothyronine in the above 
events is rot well defined. One possibility is that triiodothyronine effects are direct and are receptor 
mediated. To test this concept, we undertook this study to investigate the presence of triiodothyronine 
receptors in granulcsa cells aspirated from large (6 to 12 mm), medium (3 to 5 mm), and small (1 to 

2 mm) porcine ovarian follicles. Crude nuclei were isolated and tested for iodine 125~triiodothyronine 
specific binding. Binding was time and temperature dependent and maximal in cells from smali follicles at 
pH 8. Scatchard analysis yielded a mean apparent dissociation constant of 5.5 x 107° mol/L and a mean 
apparent total number of binding sites of 1.0 pmol/mg of deoxyribonucleic acid. Competition experiments 
revealed the following relative binding affinities: triiodothyronine > L-thyroxine > reverse triiodothyronine. 
Gonacotropins, prostaclandins, epidermal growth factor, and insulin did not compete with 
'21-triiodothyronine for binding. We conclude that there are nuclear binding sites in porcine granulosa cells 
with characteristics expected of a triiodothyronine receptor which rright mediate a direct action of 
triiodothyronine on granulosa cells. (AM J OssteT GYNECOL 1987;156:237-40.) 


Key words: Triiodothyronine receptor, granulosa cells 


Nongonadotropic hormones, specifically insulin, cor- 
tisol, and thyroid hormones, have been found to affect 
luteinization and growth of granulosa cells in vitro in 
humans,'* as well as in animals.** Channing et al.' 
found that insulin, cortisol, and thyroxine acted syn- 
ergistically with luteinizing hormone and follicle-stim- 
ulating hormone in cultured porcine granulosa cells to 
enhance morphologic luteinization and progestin se- 
cretion.* They also found that insulin, thyroxine, and 
cortisol increased luteinizing hormone/human chori- 
onic gonadotropin receptors in porcine granulosa cell 
cultures exposed to follicle-stimulating hormone. Thus 
it appears that thyroid hormones play a direct effect 
on granulosa cells in vitro. This role may be receptor 
mediated. The presence of triiodothyronine receptors 
in granulosa cells nas never been described as far as we 
know. It is the purpose of this paper to demonstrate 
the existence of triiodothyronine binding sites in por- 
cine granulosa cells. 


Material and methods 


Reagents. Unlabeled triiodothyronine and reverse 
triiodothyronine were purchased from Calbiochem 
(San Diego, California), thyroxine was obtained from 
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Sigma Chemical Company (St. Louis, Missouri), and 
23] triiodothyronine with a specific activity of 135 to 
165 wCi/jzg was purchased from New England Nuclear 
(Boston, Massachusetts). All other reagents were of the 
highest grade that is commercially available. 

Harvesting of follicles. Porcine ovaries were ob- 
tained from freshly slaughtered pigs in a local meat 
packing plant. The ovaries were placed in 0.9% sodium 
chloride solution and transported to the laboratory on 
ice. Granulosa cells were harvested from small (1 to 3 
mm), medium (3 to 5 mm), and large (6 to 12 mm) 
follicles immediately on arrival in the laboratory with 
the use of a 27-gauge needle and a tuberculin syringe. 
In the case of medium and large follicles the follicles 
were reflushed repeatedly with their follicular fluid 
during the same puncture. 

Isolation of nuclei. Nuclei were extracted with salt 
according to a slight modification of a method de- 
scribed previously.' The follicular fluid was kept on ice 
while being harvested from the follicles and was cen- 
trifuged immediately after collection at 500 gm for 5 
minutes at 4° C. The pellet was suspended in homog- 
enizing buffer, pH 7.6, containing 10 mmol of Tris- 
hydrochloride, 3 mmol of calcium chloride, 1 mmol of 
dithiothreitol, and 0.25 mol of sucrose and then ho- 
mogenized with use of a Teflon glass homogenizer with 
12 strokes. The homogenate was centrifuged at 800 gm 
for 10 minutes at 4° C. Part of the crude nuclear prep- 
aration was used for deoxyribonucleic acid content es- 
timation by means of the diphenylamine reaction with 
use of calf thymus deoxyribonucleic acid as the stan- 
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Fig. 1. Temperature dependence of '*I-triiodothyronine 
binding by granulosa cell nuclei after 3 hours of incubation 
at 4° C, 22° C, and 37° C. Each assay was performed in tri- 
plicate. The vertical bars indicate the SEM. 
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Fig. 2. 'I-triiodothyronine binding as a function of time. 
Nuclei were isolated from granulosa cells obtained from small 
(1 to 2 mm) follicles as described. Aliquots of nuclear suspen- 
sions containing 14 to 15 wg of deoxyribonucleic acid were 
incubated in triplicate at 4° C for the indicated time periods. 


dard.’ The rest of the homogenate pellet was resus- 
pended in the assay buffer. 

Triiodothyronine binding assays. All experiments 
were performed on the same day of the collection of 
the porcine ovaries. Neither ovaries nor follicular fluid 
were frozen overnight. The triiodothyronine binding 
studies were performed by addition of 0.2 ml of the 
nuclear suspension (containing 14 to 15 wg of deoxy- 
ribonucleic acid in all experiments) to 12 by 75 mm 
tubes containing '*I-triiodothyronine (at the concen- 
trations indicated in individual experiments) in 0.2 ml 
of the assay buffer. A thousandfold excess of unlabeled 
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Fig. 3. 'I-triiodothyronine binding to granulosa cells from 
porcine follicles of different sizes. § = Small follicles (1 to 
2 mm), M = medium (3 to 5 mm), and L = large (6 to 
12 mm). Mean + 1 SD is shown. Each assay was performed 
in triplicate. There was a significant difference in binding 
between granulosa cells from small follicles and large follicles 
(p < 0.01). 


triiodothyronine was used to assess nonspecific bind- 
ing in parallel samples. After completion of incuba- 
tions, 1 ml of assay buffer was added to each tube. The 
tubes were then centrifuged at 3000 gm for 20 minutes 
at 4° C. The supernatant was discarded, and the pellets 
were counted in a Beckman Auto Gamma counter with 
a counting efficiency of 85% for '*I. Each point in the 
assays was determined in triplicate. Statistical signifi- 
cance was determined by the Student ż test. 


Results 


Temperature dependence studies revealed that after 
3 hours of incubation, at <° C, 22° C, and 37° C, maximal 
binding occurred at 4° C, as shown in Fig. 1. 

To determine the optimal time for triiodothyronine 
binding, the samples were incubated at 4° C for 3, 6, 
20, and 24 hours. It was found that incubation of the 
samples for 20 hours yielded maximal binding, as seen 
in Fig. 2. 

Granulosa cell nuclei from smail (1 to 2 mm), medium 
(3 to 5 mm), and large (6 to 12 mm) follicles were 
incubated for 20 hours at 4° C to determine which 
population of granulosa cells would show maximal 
binding. There was no statistical significant difference 
in the binding of '*I-triiodothyronine to granulosa cells 
obtained from small and medium follicles. However, — 
granulosa cells from small follicles bound significantly 
higher amount of 'I-triiodothyronine compared to 
granulosa cells from large follicles (Fig. 3). 

Tissue dependence of triiodothyronine binding was 
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Fig. 4. Deoxyribonucleic acid dependence of triiodothyronine 
(T;) binding. Nuclei were isolated from granulosa cells of small 
follicles (1 to 2 mm). Each assay (in triplicate) was incubated 
for 20 hours at 4° C. 


Table I. Specificity of '*I-triiodothyronine 
binding to porcine granulosa cells obtained 
from small follicles 






Inhibition 

of binding 

Hormone {%) 

Triiodothyronine 

Thyroxine 

Reverse triiodothyronine 

Follicle-stimulating hormone, 
lutemizing hormone 

Prolactin 

Prostaglandins Es, Foa 

Insulin 

Epidermal growth factor 


or 
D o a e 


moe 


The concentrations of the different hormones are equiva- 
lent to the concentrations of triiodothyronine that caused 50% 
inhibition of binding (5.0 nmol/L). 


determined over a range of deoxyribonucleic acid con- 
centrations. As shown in Fig. 4, maximal binding was 
achieved at 14.44 pg. 

The pH dependence of '*I-T3 binding to nuclei of 
granulosa cells is shown in Fig. 5. The optimal pH for 
binding was 8. 

As a result of the above findings, all further studies 
were done with nuclei obtained from granulosa cells of 
small follicles at a concentration of 14 to 15 wg of de- 
oxyribonucleic acid. Incubations were done at 4° C for 
20 hours at pH 8. 

A representative saturation curve is shown in Fig. 6. 
This illustrates that the system is saturated under the 
conditions of the experiment. The Scatchard plot of 
*5]-triiodothyronine specific binding of the same data 
shown in the insert of Fig. 6 is linear, indicating the 
presence of a single set of binding sites. The mean 
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Fig. 5. '?I-triiodothyronine binding as a function of pH. Nu- 
clei were isolated from granulosa cells obtained from small (1 
to 2 mm) follicles as described. Each sample (in triplicate) 
contained 14 to 15 wg of deoxyribonucleic acid and was in- 
cubated for 20 hours at 4° C. 
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Fig. 6. Representative saturation curve of '*I-triiodothyronine 
specific binding to nuclei of granulosa cells obtained from 
small follicles. Each sample (in triplicate) contained 14 to 15 
ug of deoxyribonucleic acid, incubated at 4° C for 20 hours 
at pH 8. Abscissa represents free hormone and ordinate bound 
hormone. The insert illustrates a Scatchard plot of the same 
data. 


dissociation constant (K,) for the binding sites obtained 
from several experiments was 5.5 + 1.6 (+SEM) nmol 
with a range of 2.3 to 7.8 nmol. The mean number 
of triiodothyronine binding sites obtained from sev- 
eral experiments was 1083 + 402.2 (+SEM) fmol/mg 
of deoxyribonucleic acid, with a range of 540 to 
1867 fmol/mg. 

Table I shows the results of specificity studies. In- 
cubation with epidermal growth factor, human prolac- 


AAR 8 uane 
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tin, follicle-stimulating hormone, luteinizing hormone, 
insulin, and prostaglandins E, and F,, in concentra- 
tions up to a 200- to 300-fold excess of unlabeled tri- 
iodothyronine showed no decrease in binding, whereas 
incubation with unlabeled thyroxine and reverse tri- 
iodothyronine at concentrations equivalent to the un- 
labeled triiodothyronine concentrations required to in- 
hibit the specific binding of labeled triiodothyronine by 
50% (about 5.0 nmol) showed only 8% and 2% inhi- 
bition of binding, respectively. 


Comment 


These studies demonstrate for the first time the pres- 
ence of triiodothyronine binding sites in porcine gran- 
ulosa cells. The affinity of these sites (Ky = 5.5 + 
1.6 x 107° mol/L) and the number (1083 + 402.2 
fmol/mg of deoxyribonucleic acid) are comparable to 
those observed for triiodothyronine receptors in other 
mammalian tissues.*'? Our finding that triiodothyro- 


nine binding to porcine granulosa cells was maximal at . 


pH 8 is consistent with the findings of others charac- 
terizing triiodothyronine receptors in other tissues. ®™" 
The affinity of the binding sites in porcine granulosa 
cells to thyroxine (one-sixth of triiodothyronine affin- 
ity) is similar to the affinity of triiodothyronine recep- 
tors to thyroxine in other tissues.'*'° This may reflect 
the relative contributions of truodothyronine and thy- 
roxine to hormonal activity. 

We have shown that '*J-triodothyronine binding to 
granulosa cells from small and medium follicles was 
similar, while the triiodothyronine binding to granulosa 
cells from large follicles was significantly lower (p < 
0.01) compared to those from small follicles. This sug- 
gests that triiodothyronine exerts maximal biologic ef- 
fects early in the follicular development. By the time 
the follicle is in the preovulatory phase the number of 
triiodothyronine receptors in the granulosa cells is di- 
minished, possibly by a down-regulating mechanism 
that is yet to be elucidated. 

Thyroid disorders have been associated with a variety 
of reproductive abnormalities ranging from menstrual 
disorders such as amenorrhea to infertility and fre- 
quent abortions. In long-standing postpubertal hypo- 
thyroidism the ovaries may be atrophied. If hypothy- 
roidism occurred before puberty, degenerative changes 
in the gonads may be found on histologic examina- 
tion.” Alterations in the metabolism of sex hormones 
and a decrease in the secretion of luteinizing hormone 
have been offered as explanations for these aberrations 
in reproductive physiology. However, the physio- 
logic significance of these alterations remains uncer- 
tain.” One interesting hypothesis resulting from our 
work is that in cases of thyroid disease, female repro- 
ductive physiology may be influenced by a direct effect 
of thyroid hormones on the granulosa cells. An increase 
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or a decrease in the amount of thyroid hormones may 


affect granulosa cell luteinization and thus changing 


progestin production by the putative corpus luteum. 
This may lead to reproductive failure and menstrual 
disturbances. 

In conclusion, we have demonstrated that porcine 
granulosa cells contain triiodothyronine binding sites. 
We have shown that granulosa cells obtained from small 
follicles have more of these binding sites relative to 
those cells obtained from large follicles. Although the 
biologic significance of these putative receptors is not 
elucidated in our experiments, the previous data sug- 
gest a role for these sites in the pathophysiologic 
changes that are seen in cases of thyroid disease. 
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Epidermal growth factor deficiency during pregnancy causes 


abortion in mice 


Osamu Tsutsumi, M.D., and Takami Oka, Ph.D. 
Bethesda, Maryland 


The concentration of epidermal growth factor in the submandibular gland and plasma of female mice 
increased substantially during pregnancy. Pregestational sialoadenectomy (rernoval of the submandibular 
glands) attenuated the rise in plasma epidermal growth factor during gestation and reduced the number of 
mice completing a term pregnancy by approximately 50%. Epidermal growth factor replacement therapy 
given to these mice during pregnancy improved the outcome of complete pregnancy to 86%. The 
administration of anti-epidermal growth factor. antiserum in a daily dose of 50 or 100 jal to 
sialoadenectomized pregnant mice increased the percentages of abortion to 67 and 100, respectively. 
These results suggest that epidermal growth factor may be necessary on the normal course of pregnancy. 


(Am J OBSTET GYNECOL 1987;156:241-4,) 


Key Worda; Epidermal growth factor, pregnancy, abortion, submandibular gland 


The polypeptide epidermal growth factor (molecular 
weight = 6045) is produced in large amounts in mouse 
submandibular glands and is also present in the cir- 
culation.’ Hormones such as testosterone and proges- 
tins increase the production of epidermal growth factor 
in the submandibular gland.’ Epidermal growth factor 
has been shown to stimulate cell proliferation in various 
types of mammalian cells in culture, but its physiologic 
function has not been well defined.’ The concentration 
of epidermal growth factor i in the submandibular gland 
and plasma has been found to increase during gesta- 
tion.* In this study we examined the possible physio- 
logic role of epidermal growth factor in pregnancy by 
assessing the effect of epidermal growth factor defi- 
ciency on the outcome of pregnancy. Epidermal growth 
factor deficiency was produced by either removal of the 
submandibular gland before gestation or administering 
anti—epidermal growth factor antiserum to pregnant 
mice. Epidermal growth factor deficiency during preg- 
nancy was found to increase the incidence of abortion, 
which suggests that epidermal growth factor is neces- 
sary for the normal course of pregnancy. 


Material and methods 


C3H/HeN virgin female mice were obtained from 
the Small Animal Section of the National Institutes of 
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Health. At 5:to 6 weeks of age, sialoadenectomy (sur- 
gical removal of submandibular glands) was performed 
with the mice under ether anesthesia. Three weeks af- 
ter the operation, when they were fully recovered, they 
were mated with mature C3H/HeN male mice of estab- 
lished fertility. Age- and weight-matched female mice 
with sham operation were also mated at the same time. 
The presence of a vaginal plug was checked daily in 
the morning, and the day of its detection was desig- 
nated as day 1 of pregnancy. Pregnant mice were caged 
individually and maintained under controlled tem- 
perature (25° C) with 12 hours of light (8:00 am to 
8:00 pm) and ‘12 hours of darkness. Pregnancy was de- 
fined as complete when the pregnant mice gave birth 
to live pups. The number and weight of newborn pups 
were determined at the time of birth. Mice that did not 
complete the pregnancy were put to death on day 21 
and the uteri were examined with a dissecting micro- 
scope. The number of implantation sites, if present, 
was checked at various times during pregnancy. The 
crown-rump length of the fetus was measured by a 
microscope fitted with a graduated eyepiece. 
Epidermal growth factor concentrations in the sub- 
mandibular gland and plasma of virgin and pregnant 
mice were determined by radioimmunoassay with the 
use of the liquid phase double-antibody method as re- 
ported before.‘ Blood was obtained from the trunk 
vein with the animal under ether anesthesia and cen- 
trifuged. The plasma was aspirated and stored at 
— 20° C until use. Submandibular gland tissues were 
excised, weighed, and homogenized in phosphate- 
buffered saline. The homogenate was centrifuged at 
12,000 g for 20 minutes at 4° C and the supernatant 
was removed and stored at — 20° C until use. 
Antimouse epidermal growth factor antibody pre- 
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Table I. Epidermal growth factor concentrations in the submandibular gland and plasma of mice 


during pregnancy 





Epidermal growth factor concentrations 


` Mice with 
Submandibular gland Plasma detectable levels 
Mice n (ngimg wet tissue) (ngiml) (>0.1 ng/ml) (%) 
Normal virgin 8 43 + 13 0.16 + 0.07 38 
Pregnant, day 1 7 52 + 20 0.19 + 0.12. 57 
Pregnant, day 3 7 64 + 13 0.31 + 0.32 57 
Pregnant, day 5 7 13 212 0.25 +022 57 
Pregnant, day 7 7 105 + 30 0.23 + 0.13 71 
Pregnant, day 9 7 113 + 30 0.26 + 0.12 86 
Pregnant, day 11 6 164 + 36 0.52 + 0.58 100 
Pregnant, day 15 6 195: 35 0.76 + 0.63 100 
Pregnant, day 19 6 197 + 29 0.67 + 0.77 100 
Sialoadenectomized 
virgin 7 None <0.1 0 
Pregnant, day 7 7 None <0. 0 
Pregnant, day 11 4 None <0 0 





Results are given as mean + SD. 


pared in rabbit (Collaborative Research, Waltham, Mas- 
sachusetts) was administered subcutaneously to sia- 
loadenectomized mice and normal controls in a volume 
of 50 to 100 pl daily between days 5 and 10 of preg- 
nancy. The anti-epidermal growth factor antiserum 
was capable of binding 200 pg of epidermal growth 
factor per 100 pl as determined by a modified Ouch- 
terlony® double immunodiffusion method. Normal rab- 
bit serum was injected in the same way. Epidermal 
growth factor (Collaborative Research, culture grade), 
5 wg dissolved in 100 pl of physiologic saline, was ad- 
ministered subcutaneously to sialoadenectomized mice 
daily from day 7 to 19 of pregnancy. The dose and 
timing of anti-epidermal growth factor antibody and 
epidermal growth factor injections yielding optimal ef- 
fects were determined by preliminary experiments. 
The mice weighed 20 to 25 gm at the time of treatment. 


Results 

‘The concentration of epidermal growth factor in the 
submandibular gland and plasma increased progres- 
sively during pregnancy (Table I). In virgin mice 38% 
had detectable levels of plasma epidermal growth factor 
but the incidence increased to 100% on day 11 of preg- 
nancy and thereafter. The plasma epidermal growth 
factor levels of the sialoadenectomized virgin and preg- 
nant mice were below the level of sensitivity of the assay 
(<0.1 ng/ml). These results suggested that the sub- 
mandibular gland may be the major source of plasma 
epidermal growth factor. 

All of the normal mice completed 20 days of preg- 
nancy and gave birth to an average of 7.2 + 1.6 (SD) 
pups per mother (Table I}. The average weight of the 
pups was 1.35 + 0.13 (SD) gm at birth. In contrast, 
52% of the sialoadenectomized, pregnant mice com- 


pleted term pregnancy; the average number of pups 
decreased to 4.2 + 1.5 (SD) per mother, and the av- 
erage birth weight was 1.24 + 0.09 (SD) gm. These 
values were significantly lower than those of pups born 
to normal mice (p < 0.01). However, the pups born to 
sialoadenectomized mothers grew normally. Exami- 
nation of the uteri of sialoadenectomized mice who.did 
not complete term pregnancy revealed that the resorp- 
tion sites were found in only 20%, whereas eight of 10 
sialoadenectomized pregnant mice apparently had no 
resorption sites. | 

Administration of anti-epidermal growth factor anti- 
serum to sialoadenectomized pregnancy mice further 
decreased the number of mice completing term preg- 
nancy (Table II). Daily injection of 50 or 100 pl anti— 
epidermal growth factor antiserum reduced the preg- 
nancy success levels to 33% and 0%, respectively. Ad- 
ministration of normal serum had no adverse effects 
on the outcome of pregnancy. Furthermore, treatment 
of normal pregnant mice with 100 wl of anti~epidermal 
growth factor antiserum did not appreciably affect the 
outcome of the pregnancies. 

Table II shows the fetal size on day 11 of pregnancy: 
The fetal crown-rump length was 4.12 + 0.30 (SD) mm 
in normal pregnant mice’ and 3.34 + 0.58 (SD) mm 
in sialoadenectomized pregnant mice. Anti-epidermal 
growth factor treatment given to sialoadenectomized 
pregnant mice further reduced the fetal crown-rump 
length to 3.10 + 0.42 ‘SD) mm. 

The uteri of sialoadenectomized mice were found to 
develop normally up to day 7 of gestation and con- 
tained approximately the same number of implanted 
sites as those of normal mice, 8.2 + 1.0 and 8.4 + 1.5, 
respectively. Thus it appeared that epidermal growth 
factor deficiency produced by sialoadenectomy affected 
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Table II. The effect of pregestational sialoadenectomy, epidermal growth factor replacement, and 
administration of anti-epidermal growth factor antiserum on the outcome of completed pregnancies 


in mice 











Mice 


Treatment 








Incidence of 
complete pregnancy 
Significance 


Normal | 18 None 100 

Sialoadenectomized 2] None 52 p < 0.001 
Sialoadenectomized 9 Anti-epidermal! growth factor, 50 pl* 33 p < 0.001 
Sialoadenectomized 7 Anti~epidermal growth factor, 100 pl* 0 p < 0.001 
Normal 9 Anti—-epidermal growth factor, 100 pl* 89 NS 
Normal 7 Normal rabbit serum, 100 yl* 100 NS 
Sialoadenectomized 7 Epidermal growth factor 5 ugt 86 NS 


The data were analyzed by x? test and the probability that the differences from normal mice were significant is shown. 


*Given daily on day 5 to day 10 of pregnarcy per mouse. 
+Given daily on day 7 to day 19 of pregnancy per mouse. 


Table III. The number and size of fetuses in normal, sialoadenectomized, and anti-epidermal growth 
factor treated, sialoadenectomized 1 1-dav-pregnant mice © 






Normal a 2:15 
Staloadenectomized 7.3 + 1.0 
Sialoadenectomized and 7.34 1.34 


anti-epidermal growth 
factor treatedt 


Total No. 


of fetuses 
4.12 + 0.30 31 
3.34 + 0.58* 29 
3.10 + 0.42* 29 


*Significant differences were found between normal and sialoadenectomized mice (p < 0.05) or anti-epidermal growth factor 


treated sialoadenectomized mice (p < 0.01). 


'+Anti-epidermal ‘growth factor treatment was given to sialoadenectomized pregnant mice daily at a dose of 100 ul from day 
5 to day 10 of gestation. Data represent mean + SD. Four pregnant mice were used in each group. 


neither the fertilization and implantation of oocytes nor 
the embryonic development until day 7 of gestation but 
at some later stage it induced abortion. Therefore, it is 
conceivable that epidermal growth factor replacement 
therapy begun on day 7 might reduce the rate of abor- 
tion. The data in Table II indicated that 86% of 
epidermal growth factor—treated, sialoadenectomized 
mice completed term pregnancies. Epidermal growth 
factor replacement therapy, however, did not signifi- 
cantly increase the number and weight of pups at birth. 


Comment 


The concentration in the submandibular glands and 
plasma of female mice increased during pregnancy, 
and sialoadenectomy was found to reduce the circu- 
lating level of epidermal growth factor to undetectable 
levels. These results confirm the previous findings and 
support the view that the submandibular gland is a 
major source of plasma epidermal growth factor in 
mice.* It is likely that the increase in submandibular 
gland epidermal growth factor during pregnancy is 
caused by a rise in the circulating levels of progestins 
and/or androgens® inasmuch as these steroid hormones 


have been shown to increase the concentration of epi- 
dermal growth factor in the gland.** 

Our study also shows that a significant number of 
sialoadenectomized pregnant mice were unable to com- 
plete a term pregnancy. However, this defect was 
largely corrected by epidermal growth factor replace- 
ment therapy during pregnancy. In addition, admin- 
istration of anti~epidermal growth factor antiserum to 
sialoadenectomized pregnant mice decreased the like- 
lihood of completing a term pregnancy. These results 
suggest that epidermal growth factor is important to 
the normal course of pregnancy in-mice. 

Anti—epidermal growth factor antiserum given to sia- 
loadenectomized mice further exacerbated the unfa- 
vorable outcome of pregnancies. The plasma levels of 
epidermal growth factor in these mice were too low to 
be detectable. These findings raise the possibility that 
there may be other source(s) of epidermal growth fac- 
tor beside the submandibular gland. Indeed, the pres- 
ence of immunoreactive epidermal growth factor-like 
substance in the ‘uterus has been reported.” It is con- 
ceivable that the uterus produces such a substance that 
plays a role in the process of pregnancy. 
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At present, the mode of involvement of epidermal 


growth factor in pregnancy is not known. The finding ` 


that epidermal growth factor replacement therapy was 
largely effective when it was started on day 7 of preg- 
nancy, at which time implantation has already taken 
place,® suggests that epidermal growth factor plays a 
role in the postimplantation period. Our data indicate 
that deficiency of epidermal growth factor results in 
reduced development of the fetus and an increased rate 
of abortion. Possible target organs for epidermal 
growth factor include the fetus and the uterus, both of 
which have been shown to possess epidermal growth 
factor receptors.*? It is also possible that epidermal 
growth factor helps to maintain pregnancy by facili- 
tating the production of temale sex steroid hormones 
in the ovary. : 

Previously, epidermal growth factor has been impli- 
cated in the growth of the mammary gland, another 
organ that undergoes extensive development during 
pregnancy.’ * These studies, together with the present 
findings, suggest that epidermal growth factor is an 
important physiologic agent for cellular Brow and 
development during pregnancy. 
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Intrauterine growth retardation after long-term maternal 
salicylate administration in the rabbit 


Jeffrey C. Lukas, M.D., Ted S. Rosenkrantz, M.D., John R. Raye, M.D., 


Patricia J. Porte, and Anthony F. Philipps, M.D. 
Farmington, Connecticut 


The effects of chronic maternal salicylism on fetal growth were studied in chronically catheterized pregnant 
rabbits. Graded intravenous infusions of sodium salicylate were given continuously between days 22 and 
29 of gestation. Maternal plasma salicylate concentrations (mean + SD) of 12.0 + 1.6 mg/dl (low-dose 
group) or 24.1 + 5.3 mg/dl (high-dose group) were achieved. Control rabbits were infused with saline 
solution. Pups were delivered by hysterotomy on day 29. Fetal/maternal salicylate concentration ratios 
were near unity for both infusion groups. There were significant dose-related reductions (mean + SD) in 
fetal weight (control, 39.7 + 6.7 gm; low-dose group, 34.4 + 6.4 gm; high-dose group, 22.2 + 7.1 gm; 

p < 0.001) and in crown-rump length (control, 9.7 + 0.45 cm; low-dose group, 9.1 + 0.68 cm; high-dose 
group, 7.7 + 0,86 cm; p < 0.001). There was a significant reduction in fetal brain weight only in the 
high-dose group, and brain weight/fetal weight ratios were increased, suggesting relative sparing of brain 
growth. Liver weight was significantly reduced in both low- and high-dose groups. In contrast to results in 
previous animal studies, standardized intravenous maternal salicylate administration in rabbits induced a 
reproducible and dose-dependent asymmetrical fetal growth retardation. (Am J OssteT GYNECOL 1987; 


156:245-9.) 
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The widespread use of aspirin during pregnancy' has 
prompted several investigations of the effects of salic- 
ylate ingestion during pregnancy on fetal development. 
Reduced fetal growth has been reported as one such 
consequence in several animal studies? * but was an in- 
consistent finding in others.’ Clinical studies in humans 
regarding the effects of salicylates on fetal growth are 
conflicting as well. An Australian study reported a sig- 
nificant reduction in birth weight associated with high- 
dose maternal salicylate ingestion” ê while a large ret- 
rospective study in the United States’ with less use of 
medication by mothers could find no such relationship. 
In both animal and clinical studies various parameters 
describing drug exposure, including route and length 
of salicylate administration, dosage, and amount ab- 
sorbed, were inconsistent in some cases and poorly de- 
fined in others. Given this variability in both methods 
and results, the purpose of the present study was to 
investigate the role of salicylates as a possible retardant 
of fetal growth in late gestation. A chronically cathe- 
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terized pregnant rabbit preparation was used with de- 
ñned sodium salicylate intravenous infusions in the last 
trimester of gestation to examine the fetal effects of 
salicylate exposure during this period of rapid fetal 
growth. | 


Material and methods 


Eleven New Zealand White does were studied ac- 
cording to the guidelines for care and use of labora- 
tory animals of the Department of Health and Hu- 
man Services. At operation, with the animals under 
light ketamine anesthesia, polyvinyl catheters were im- 
planted into the external jugular vein. The catheters 
were tunneled subcutaneously to the nape of the neck, 
leaving approximately 1 cm of catheter exposed. After 
z recovery period of 7 days, the does were mated and 
divided into three groups: a low-dose group with target 
maternal plasma salicylate levels of 10 to 15 mg/100 ml 
(four does), a high-dose group with target salicylate 
concentrations of >20 mg/100 ml (three does), and a 
saline-infused control group (four does). On day 19 of 
gestation, the rabbits were placed into an infusion har- 
ress consisting of a vinyl neck collar attached to a vest 
attached around the thorax of the animal. An extension 
of the catheter coursed from the infusion harness 
tnrough a protective metal spring tether loosely at- 
tached to the top of the cage, allowing for free access 
to food and water. After 3 days’ acclimation to the har- 
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Table I. Maternal and fetal study characteristics 


No. of litters 

No. of offspring 

Average litter size 

No. of fetal deaths 

Maternal weight change during pregnancy (kg) 
(mean + SD) 


Table II. Salicylate concentrations in maternal 


and fetal plasma 


Maternal sodium salicylate 12.0 + 1.59 24.1 + 5.28 


level (mg/dl) (n = 4) (n = 3) 
Fetal sodium salicylate 13.7 + 6.69 27.6 + 10.72 
level (mg/dl) (n = 35) (n = 23) 


Fetal/maternal concen- 1.02 + 0.32 0.86 + 0.98 


tration ratio 


ness, the does were weighed and preinfusion blood 
samples were drawn from an ear vein as blanks for 
plasma salicylate determinations. 

Continuous intravenous infusions were conducted 
from day 22 to day 29, ‘with the use of an external 
syringe pump (Orion Instruments, Cambridge, Mas- 
sachusetts). The four control does were infused with 
normal saline solution at a rate of 1.2 ml/hr. The four 
low-dose rabbits were infused with 60 mg of sodium 
salicylate (Torigian Laboratories, Queens Village, New 
York) per milliliter of sterile water solution at the same 
rate to attain a target maternal plasma salicylate level 
of 10 to 15 mg/dl. For the infusions of the three does 
in the high-dose group, higher concentrations of the 
infusate (80 to 120 mg/dl) were infused at the same 
rate to attain a target level of >20 mg/dl. Daily maternal 
blood samples were drawn to monitor maternal plasma 
salicylate levels, which also allowed for adjustment of 
the high-dose infusate concentration to maintain ma- 
ternal plasma sodium salicylate levels near the target 
value for that group. 

On day 29, each doe was weighed and final maternal 
blood samples were drawn before the animals were put 
to death. The fetuses were delivered by hysterotomy 
and the following measurements were recorded for 


-each fetus: body weight, crown-rump length, brain 


weight, liver weight, and placental weight. Fetal blood 
samples were obtained via cardiac puncture for deter- 
mination of plasma salicylate concentration. 

The salicylate assay performed on plasma samples 
was done by spectrophotometric analysis of the chela- 
tion of iron by salicylic acid. All data are presented as 
the mean + SD. Statistical significance of the results 
was determined with the one-way analysis of variance, 


— 0.012 + 0.045 
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High-dose 
4 4 | 3 
39 26 
7.8 9.8 8.7 


3 
— 0.129 + 0.256 — 0.369 + 0.486 


Student’s unpaired ¢ test, and x’ analyses. Linear regres- 
sion analysis was performed by means of the least- 
squares method. 


Results 


Table I presents the pertinent maternal and fetal 
study characteristics. There was a total of 96 fetuses 
from 11 gestations. The average litter size was not sta- 
tistically different between groups. Fetal mortality was 
noted only for the high-dose group; however, when 
survivability was compared by x’ analysis, the groups 
were not significantly different. Maternal weight de- 
creased slightly during pregnancy in all three groups; 
the magnitude of this loss was not significantly different 
between groups. 

As demonstrated in Table II, maternal plasma salic- 
ylate levels averaged during the infusion period were 
significantly different for the two experimental groups: 
12.0 + 1.59 mg/dl for the low-dose group and 
24.1 + 5.28 mg/dl for the high-dose group. When fetal 
plasma salicylate levels were compared with maternal 
levels obtained at delivery, fetal: maternal ratios close 
to l were attained. 

The fetal growth parameters are presented in 
Table III. Mean fetal weight was significantly de- 
creased for the salicylate-treated groups (34.4 + 6.4 
and 22.2 + 7.1 gm for low-dose and high-dose groups, 
respectively), when compared with the mean fetal 
weight of 39.7 + 6.7 gm for saline-treated controls. As 
shown in Fig. 1, when all fetal data were pooled, a 
negative relationship between fetal plasma salicylate 
concentration and fetal weight was observed (r = 
—0.64, p< 0.001). In addition, fetal crown-rump 
length was significantly decreased for both experimen- 
tal groups when compared with controls. A dose-de- 
pendent response, similar to that noted for the reduc- 
tion in. fetal weight, was observed (Fig. 2). Calculated 
ratios of fetal weight per centimeter of crown-rump 
length (Table III, Fig. 3), however, revealed significant 
and dose-related decrements below the control values. 

Selected fetal organ weights were compared between 
control and salicylate-treated groups, as shown in Ta- 
ble III. Placental weight was significantly decreased for 
both experimental groups. The placental weight: fetal 
weight ratio was unchanged for the low-dose group and 
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Table II. Fetal growth parameters compared between control and treated groups 


Control Low-dose 
(n = 31) (n = 39) 


Fetal weight (gm) 39.7 + 6.7 
Crown-rump length (cm) 9.7 + 0.45 
Weight: length ratio (gm/cm) 4.07 + 0.54 
Placental weight (gm) 6.40 + 1.49 
Placental: fetal weight ratio 0.16 + 0.033 
Liver weight (gm) 3.03 + 0.42 
Liver: fetal weight ratio 0.078 + 0.012 
Brain weight (gm) 1.00 + 0.08 
Brain: fetal weight ratio 0.026 + 0.003 


High-dose 
(n = 26) 
34.4 + 6.4 22.2 + 7.1 
(p < 0.001) (p < 0.001) 
9.1 + 0.68 7.7 + 0.86 
(p < 0.001) (p < 0.001) 
3.75 + 0.48 2.81 + 0.64 
(p < 0.001) (p < 0.001) 
5.34 + 1.4] 4.49 + 1.03 
(p < 0.001) {p < 0.001) 
0.16 + 0.040 0.21 + 0.045 
(NS) (p < 0.001) 
2.37 + 0.73 1.50 + 0.27 
(p < 0.001) (p < 0.001) 
0.068 + 0.013 0.072 + 0.018 
(p < 0.001) {p < 0.05) 
1.04 + 0.11 0.77 + 0.17 
(NS) (p < 0.001) 
0.031 + 0.005 0.037 + 0.009 
(p < 0.001) (p < 0.001) 





was significantly increased for the high-dose group 
compared with that of controls. A striking reduction in 
liver weight was apparent, with 22% and 50% decre- 
ments observed in low-dose and high-dose groups, re- 
spectively. The liver weight: fetal weight ratios for both 
experimental groups were significantly lower than the 
control group value. A decrease in brain weight (24% 
decrement) was noted only in the high-dose group. The 


fetal brain:body weight ratio increased significantly | 


from a control value of 2.6% + 0.3% of body weight 
to 3.1% + 0.5% and 3.7% + 0.9% of body weight for 
low- and high-dose groups, respectively (p < 0.001). 


Comment 

Aspirin (sodium acetylsalicylic acid) is a ubiquitous 
medication. Several surveys have suggested that it is the 
most commonly used drug during pregnancv.' Exper- 
imental animal and clinical human studies addressing 
the possible effects of maternal aspirin ingestion on 
fetal deveiopment have recently been reviewed.® ° 
Among the adverse effects reported are an increased 
incidence of congenital anomalies,° reduced fetal 
growth,” *° increased length of gestation,’ deleterious 
effects on the fetal circulation (premature ductus ar- 
teriosus closure, pulmonary arterial hypertension), 
and decreased neonatal hemostasis.'’ Studies of the ef- 
fects of salicylate use on fetal growth in animals have 
produced varying results. A significant decrease in fetal 
body weight after maternal ingestion of 250 mg of as- 
pirin per kilogram per day throughout gestation has 
been reported in rats.” A significant reduction in the 
birth weight of rabbit pups born to does ingesting 250 
mg of aspirin per kilogram per day from day 8 to day 


12 of a 32-day gestation has been reported.* However, - 


other animal studies have found no significant reduc- 


tion in litter weight, litter size, or individual fetal 
weights’ attributable to aspirin. 

Human studies are also inconclusive regarding the 
effect of salicylate ingestion during pregnancy on fetal 
growth. An Australian study®° focused on 64 mothers 
who ingested large quantities of aspirin through ha- 
bituated use (two to 12 daily doses) of “headache pow- 
ders” containing 600 to 700 mg per dose of aspirin or 
related salicylates. A significant reduction in birth 
weight was found, and this decrease was found to be 
related to the number of years the preparation had 
been taken before pregnancy. A dose-dependent re- 
sponse was also suggested. The U.S. Collaborative Peri- 
natal Project’ examined the birth weight of infants born 
to 1515 mothers described as experiencing “heavy” ex- 
posure to aspirin during pregnancy (defined as aspirin 
taken at least 8 days a month for at least 6 months 
during the pregnancy). No significant decrease in birth 
weight was found in this group. The authors recog- 
nized, however, that the magnitude of ingestion of as- 
pirin was less for study mothers than for the subjects 
in the Australian study. 

Significant problems with data interpretation are ap- 
parent when the information available from both ani- 
mal and human salicylate studies is evaluated. Vari- 
ability in dosage of drug ingested, inconstancy of blood 
salicylate concentrations, and variation in length of ex- 
posure to salicylates during pregnancy make it difficult 
to draw firm conclusions from these studies regarding 
the effects of maternal salicylate exposure on fetal 
growth. In contrast to previous animal studies, this se- 
ries of experiments performed in chronically catheter- 
ized rabbits was designed to assess changes in fetal 
growth related to a state of chronic and stable maternal 
salicylism, as defined by serial measurements of ma- 
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Fig. 1. Relationship between fetal plasma salicylate concen- 
tration and fetal weight (fetal weight = —0.51 sodium salic- 
ylate, in milligrams per 100 ml, + 40.10, n = 88,r = —0.64, 
p < 0.001). 
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CROWN-RUMP LENGTH (cm) 





O I5 30 45 
FETAL SALICYLATE CONCENTRATION (mg/dl) 


Fig. 2. Relationship between fetal plasma salicylate concen- 
tration and fetal crown-rump length (crown-rump length = 
—0.05 sodium salicylate, in milligrams per 100 ml, + 9.77, 
n = 88, r = —0.70, p < 0.001). 


ternal salicylate concentrations in blood. Intravenous 
administration of salicylates bypassed the inherent vari- 
ability of oral ingestion and gastrointestinal absorption. 
Sodium salicylate was used in these series of experi- 
ments because of its relative solubility in water when 
compared with the acetyl ester. Many pharmacologic 
actions are shared by both drugs, including depression 
of prostaglandin synthesis via inhibition of the enzyme 
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Fig. 3. Relationship between fetal plasma salicylate concen- 
tration and fetal weight-length ratio (weight/length = — 0.03 
sodium salicylate, in milligrams per 100 ml, + 4.06, n = 89. 
r= —0.60, p < 0.001). 


cyclo-oxygenase.' '* Most importantly, aspirin is rapidly 
converted to salicylate after ingestion with 30% to 50% 
hydrolyzed to salicylate before systemic distribution, 
both during transport through gut epithelium and dur- 
ing first pass through the liver." In addition, sodium 
salicylate has little effect on fetal ductal closure® "“ and 
on uterine blood flow,’ ° significant causes of fetal 
mortality in experimental animals" in studies with the 
use of aspirin. The third-trimester infusion period was 
chosen as a time of most rapid fetal growth. 

This series of graded continuous infusions of sodium 
salicylate in the pregnant rabbit during late gestation 
resulted in a level of exposure to salicylates in the fetus 
similar to that in the mother, in agreement with pre- 
vious observations’ of fetal: maternal salicylate concen- 
tration ratios similar to unity. The present study found 
a dose-dependent decrement in fetal growth. Fetal 
weight was affected in greater proportion than skeletal 
growth as demonstrated by decreased weight: length 
ratios. There was relative sparing of fetal brain growth 
with increased brain weight: fetal weight ratios. Liver 
growth appeared most affected, as shown by significant 
decreases in liver weight: fetal weight ratios. Placental 
weights were significantly decreased for both experi- 
mental groups, while placental weight: fetal weight ra- 
tio was increased only for the high-dose group. This 
pattern of reduction in fetal body weight and, to a lesser 
degree, length with relative sparing of brain growth is 
typical of the asymmetrical intrauterine growth retar- 
dation seen in late gestation. 
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The mechanisms responsible for the inhibition of 
fetal somatic growth are unclear. Maternal weight gain 
was poor.during pregnancy in this study but no dif- 
ferences between salicylate-treated or saline-infused 
mothers were observed. It is of interest, however, that 
previous investigators have noted poor maternal weight 
gain during salicylate exposure in animals despite ad- 
equate food intake.* Both aspirin and sodium salicylate 
are known to be potent inhibitors of aerobic glycolysis 
and oxidative phosphorylation.'* Experimental evi- 
dence suggests that these effects are not mediated by 
inhibition of prostaglandin synthesis and that aspirin 
may be an inhibitor of glycolysis only after conversion 
to salicylate. Thus a salicylate-induced defect in fuel 
utilization and/or energy production may haye been 
responsible for the inhibition of both the maternal and 
the fetal weight gain observed. Alternatively, salicylates 
have been shown to impair glucose-induced insulin 
secretion from the fetal pancreas in a dose-related 
manner. This salicylate-mediated inhibition of insulin 
release could result in decreased growth, as fetal in- 
sulinopenia has been associated with fetal growth re- 
tardation in experimental rats’ and in human case 
studies." 

One can only speculate as to the relevance of this 
salicylate effect found in rabbits to the human situation. 
In the human adult, total salicylate concentration | 
hour after ingestion of two standard tablets, or 650 mg, 
is approximately 7 mg/dl.” After ingestion of three 
tablets, or 975 mg, one could expect a 1-hour post- 
ingestion level of at least 10 mg/dl. Thus three aspirins 
taken every 4 hours could provide peak maternal and 
fetal plasma salicylate concentrations in the range cho- 
sen for the low-dose rabbit infusions in this experiment. 
This level of ingestion is comparable with that of moth- 
ers in the Australian study. 

In summary, the present study suggests that chronic 
sodium salicylate intake in the last trimester of gestation 
causes a dose-dependent reduction in fetal weight with 
the development of asymmetrical growth retardation. 
The mechanisms for the salicylate-induced growth re- 
tardation are unclear but may relate to the effects of 
salicylates on economy of fuel utilization by mother and 
fetus. 
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A monoclonal antibody to a cell surface determinant in human 
endometrial epithelium: Stage-specific expression in the 


menstrual cycle 


Jobn } D. Aplin, Ph. D., and Mourad W. Seif, M.D. 
Manchester; England 


A monoclonal sity (CC25) was obtained after immunization of mice with intact glandular epithelial 
cells from secretory phase endometrium. Here we report a preliminary immunohistologic study in the 
endometrium of 29 patients in different phases of the menstrual cycle and early pregnancy. In 
immunofluorescence, CC25 binds to a basolaterally oriented ‘epithelial cell surface antigen that is absent 
during the proliferative phase and appears suddenly in both glandular and uteriné surface locations soon 
after ovulation. In mid and late secretory phase, the lével of expression diminishes slowly. The epitope is 
absent from glandular epithelial cells in first-trimester decidua. However, it is associated with vascular 
smooth muscle cells in endometrium and decidua. CC25 promises to be a useful reagent for the analysis 
of endometrial function during the menstrual cycle. (AM J Ossrer GyNecot 1987;156:250- -3.) 


Key words: Monoclonal antibody, endometrium, céll surface, epithelium, menstrual cycle 


Hormone-driven alterations in the structure of the 
human uterine endometrium during the menstrual cy- 
cle are well documented in the histologic literature. ' 
Such changes reflect the preparation of the ‘tissue to 
accept and support an implanting blastocyst 6 or 7 days 
after ovulation. Relatively little, however, is known 
about the biochemical. changés underlying this remod- 
eling process. Maternal influences over the epithelium, 
which may occur by hormonal mechanisms or by direct 
interaction with endometrial stroma, are likely to be 
exerted at basal epithelial cell surfaces.-In contrast, the 
blastoéyst miust attach initially to components of apical 
cell surfaces. Thus functional requirements in the tissue 
suggest the likelihood of compositional variations bė- 
tween different cell surface domains. The cell surface 
acts as ‘an’ important intermediary in the process of 
preparation for. implantation, and so changes in its 
composition are to be expected corresponding to the 
different phases of the menstrual cycle. 

We have made monoclonal antibodies against cell 
surface determinants of endometrial epithelial cells and 
have already démonstrated, using these probes, that 
the expected asymmetry-of composition is present be- 
tween apically and basally disposed areas of the cell 
surface’ (Seif. MW, Aplin JD. A monoclonal.antibody 
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recognising apical surfaces of glandular but not luminal 


epithelial cells in human endometrium. Unpublished 


observations). We now report on an antibody that rec- 
ognizes an epitope, the expression of which varies dra- 
matically during the menstrual cycle. This marker has 
considerable diagnostic potential in assessing the re- 
sponse of the target tissue- to hormonal changes and 
ovulation, as well as its preparation to accept the 1 im- 
planting blastocyst. 


` Material and methods 


Endometrial tissue was obtained at curettage in the 
secretory phase, as judged initially from the last men- 
strual period and confirmed later by histologic studies. 
Epithelial cells were isolated and used as immunogen 
in mice, and antibody-secreting hybridoma cell clones 
were isolated and recloned as described’ previously.” 
Screening was by double immunofluorescence on ace- 
tone-fixed air-dried cryostat sections of snap-frozen hu- 
man endometrium from’ various stages of the men- 
strual cycle. Scoring (as shown in Fig. 4) was made by 
comparing intensities of fluorescence of slides stained 
under identical conditions in which positive and ‘neg- 
ative control specimens were included in each series. 
Scoring was on a scale of — to44+. With practice, scores 
are reproducible between different observers. Decidua 
was obtained at termination of pregnancy at 8 to-10 
weeks’ gestation. It was snap-frozen in liquid nitrogen 
and sectioned and examined as for endometrium. The 
epitope recognized by monoclonal antibody CC25 is 
destroyed by procedures: involved in paraffin em- 
bedding. 
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Fig. 1. Immunofluorescent staining of early secretory phase endometrium with monoclonal antibody 
CC25. Note fluorescence associated with basolateral surfaces of glandular cells. {x 600.) 








Fig. 2. Immunofluorescence of mid secretory phase endometrium demonstrating the CC25 epitope 


in the media tunica of small blood vessels. {x 600) 


Results 
Antibody CC25 recognizes an epitope associated with 
the basolateral surfaces of epithelial cells both in glan- 
dular (Fig. 1) and uterine luminal endometrium. Stain- 
ing is absent from apical cell surfaces of epithelial cells 
and the underlying stroma is also negative. Smooth 
muscle cell layers in the wails of small and medium 
sized blood vessels are also positive (Figs. 2 and 3). 
The CC25 epitope shows a strong menstrual cycle 
coc variation (Fig. 4), being completely absent from glan- 
< dular and luminal epithelial cells in the proliferative 
s -phase and making a sudden appearance shortly after 
ovulation (Figs. 1 and 4). 





The exact timing of this appearance in the epithelium 
in response to ovulation must await further study, since 
curettings from early secretory phase are obtained in- 
frequently. In mid and late secretory phases, staining 
with CC25 shows a gradual reduction in intensity 
(Fig. 4) and a slightly more diffuse distribution based 
on scoring of different phase endometria stained under 
the same conditions. The epitope is still confined to 
basolateral areas of epithelial cells, however, being ab- 
sent from apical surface. By the time of the menstrual 
phase, it is lost. In one case of “variable secretory ac- 
tivity” (as assessed by standard histologic examination) 
the intensity of staining also varies in different glands 
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(Fig. 4). This variation (from moderately to strongly 
positive) is apparent between adjacent glands in the 
same field of view. Vascular smooth muscle cell layers, 
in contrast, stain throughout the menstrual cycle with 
equal intensity (Fig. 2). This staining persists in first- 
trimester decidua (Fig. 3), where some scattered stain- 
ing is also associated with a subpopulation of interstitial 
cells. 


Comment 

The present study represents an attempt to analyze 

at a molecular level the changes that occur in the struc- 

ture of endometrial tissue during the menstrual cycle 
to provide new parameters for the evaluation of func- 


> tion. The epitope recognized by CC25 undergoes a 
-rapid increase of expression in glandular cells from an 





Fig. 3. Immunofluorescence demonstrating the presence of CC25 epitope in a decidual blood vessel. 
Some interstitial staining is also visible. (x 600.) 





Fig. 4. Expression of CC25 in glandular endometrial epithelial cells assessed by imunofluorescence 
in 29 patients at different stages of the menstrual cycle and in the first trimester of pregnancy: p, 
proliferative; o, ovulation; e, early secretory; m, mid secretory; ml, mid-late secretory; 4, late secretory; 
mn, menstrual; v, variable secretory activity; d, first-trimester decidua. 


undetectable level in proliferative phase to a maximal 
level after ovulation. The exact timing of this change 
and the nature of its hormonal control requires further 
study with use of carefully selected groups of patients 
in whom hormonal measurements are also available. 
However, the observation that in a sample of 12 pro- 
liferative phase endometria (as assessed clinically and 


histologically) all were negative suggests strongly that = ~ 


the appearance of the CC25 epitope represents an early _ 


response to hormonal changes occasioned by ovulation, 


Simple dependence on progesterone is ruled out by the — 


absence of the marker from. gland cells in the first. 
trimester of pregnancy and by its association with vas- K = 
cular smooth muscle throughout the cycle and in the ic. 8 
first trimester. CC25 therefore recognizes a novel © 
marker of endometrial function. The location of the 
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epitope at basolatleral cell surfaces in glandular as well 
as surface epithelium suggests a function associated 
with the response of the epithelial cells to the maternal 
environment, and biochemical characterization of the 
carrier molecule may provide insight into its function. 

As a marker related to the earlier secretory phase 
endometrium, however, the CC25 epitope provides a 
tool for the assessment of endometrial function in a 
range of clincial situations. These include the detection 
of ovulation, the staging of the endometrial response, 
and the diagnosis of abnormal endometrial function. 
Such approaches may aid in evaluation of patients un- 


Secretory phase endometrial cell surface marker 


dergoing artificial insemination and in vitro fertiliza- 
tion, as well as in assessment of subsequent ability of 
the endometrium to support a pregnancy. They may 
also add a new parameter to the diagnosis of infertility 
arising from endometrial dysfunction in response to 
ovulation. 
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Comparison of serum progesterone levels in dogs after 
administration of progesterone by vaginal tablet and 


vaginal suppositories 


L. David Fulper, M.S., Robert W. Cleary, Ph.D., Ernest C. Harland, D.V.M., 


Ahmed H. Hikal, Ph.D., and Alan B. Jones, Ph.D. 
University, Mississippi 


Serum progesterone levels from a vaginal tablet formulation and six different vaginal suppository 
formulations, each containing 25 mg of progesterone, were evaluated in mongrel dogs. Bioavailabilities 
relative to an intravenous dose of progesterone were calculated. The vaginal tablet was found to have a 
significantly higher bioavailability compared with the vaginal suppositories. (AM J OBSTET GYNECOL 


1987;156:253-6.} 


Key words: Progesterone, suppositories, vaginal tablets 


Absorption of progesterone from the intestinal tract 
_ Is prompt, but the compound is rapidly transformed 
as a result of the first-pass effect of the liver and possibly 
also during absorption through the intestinal mucosa.' 
In the 1950s, orally effective compounds with proges- 
tational activity (progestins) became available. How- 
ever, the actions of these compounds differ in some 
respects from that of progesterone.’ For this reason 
progesterone supplementation is often accomplished 
via vaginal suppository." 

The vehicle used in the manufacture of a suppository 
can intluence the bioavailability of progesterone.*° Wa- 
ter-soluble polyethylene glycol bases and fatty type 
bases such as cocoa butter have been used in proges- 
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terone suppository formulations. Vaginal tablets have 


- been used to deliver drugs such as nystatin and clo- 


trimazole; however, no progesterone vaginal tablet for- 
mulations have been reported in the literature. 

To assess the performance of a vaginal tablet for- 
mulation of progesterone, the in vivo release of pro- 
gesterone from a vaginal tablet and six suppository for- 
mulations have been compared. 


Material and methods 


Progesterone vaginal tablets containing 25 mg of pro- 
gesterone were prepared by wet granulation on a 
Korsch single-punch tablet press (Eweka-G.m.b.H., 
Frankfurt, Germany) with the use of a 15 mm double 
concave punch and die set. The tablet weights were 
1 gm nominal. Tablet hardness was 8 to 10 kp (kilo- 
pond) nominal. 

Suppositories containing 25 mg of progesterone were 
prepared by the fusion method.’ Micronized proges- 
terone (Paddock Laboratories, Inc., Minneapolis, Min- 
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Time hrs. 
Fig. 1. Serum progesterone levels for vaginal formulations. 


x = Cetomacrogol 1000; 0 = Polybase; X = vaginal tablet; 
® = polyethylene glycol. 


Table I. Mean area under the curve for 


progesterone formulations* 












Area under 
curve 
(ng - hriml) 






Bioavailability ` 
(%) 


Base 


Cocoa butter 15.28 + 4.70 15.08 + 4.93 
Fattibase 18.03 + 9.60 17.65 + 9.40 
Witespol H-15 13.90 + 6.88 13.64 + 6.52 


Cetomacrogol 1000 27.78 + 6.77 27.02 + 6.58 
Polybase 27.50 + 11.46 26.74 + 11.15 


Polyethylene glycol 18.36 + 8.86 17.89 + 8.61 
Vaginal tablet 
Group | 56.52 + 5.78 55.82 + 4.08 
Group 2 54.31 + 12.00 52.83 + 11.67 


Groups l and2 55.42 + 8.80 54.30 + 8.25 
Intravenous 98.40 + 9.23 100.00 


O98 CO oe A Ss e ra > e aa a 


*Complete data available on request.’ 


nesota) was dissolved in the melted base and poured 
into a mold (Armstrong, Millville, New Jersey). The 
resulting suppositories were 2.8 cm long and 1.1 cm in 
diameter. The following bases were used for the man- 
ufacture of fatty type suppositories: Witespol H-15 
(Riches-Nelson, Inc., Greenwich, Connecticut), Fatti- 
base (Paddock Laboratories, Inc., Minneapolis, Min- 
nesota), and cocoa butter (Woltra, New York, New 
York). The following bases were used to manufacture 
water-soluble suppositories: Cetomacrogol 1000 (Pflatz 
and Bauer, Inc., Waterbury, Connecticut), Polybase 
(Paddock Laboratories, Inc.) and a polyethylene glycol 
suppository with a base composition of polyethylene 
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Fig. 2. Serum progesterone levels for vaginal formulations. 
* = Fattibase; ®© = Witespol H-15; X = cocoa butter. 


glycol 1500, United States Pharmacopeia, 96% (Fisher 
Scientific Co., Fair Lawn, New Jersey), and polyethyl- 
ene glycol 4000, United States Pharmacopeia, 4% (Jef- 
ferson Chemical Co. Inc., Houston, Texas). 

The water-soluble suppositeries and the vaginal tab- 
let formulations were assayed for content uniformity 
by use of a method reported by Roffe et al.* The fatty 
suppositories were assayed for content uniformity by a 
modification of the same assay method, whereby the 
suppository was first dissolved in hexane and an aliquot 
of this solution was evaporated and reconstituted with 
methanol before assay. 

An intravenous progesterone solution was prepared 
by dissolving 50 mg of micronized progesterone in 25 
ml of ethanol. This solution was diluted 1:1 with nor- 
mal saline solution immediately before injection. 

The vaginal formulations were evaluated in female 
mongrel dogs weighing between 13 and 23 kg. The 
ovaries and uterus were removed from each dog ap- 
proximately 4 weeks before the study and the dogs 
allowed to acclimate before the study began. The dogs 
were divided into two groups. Group 1 received fatty- 
type suppositories and the vaginal tablet. Group 2 re- 
ceived water-soluble suppositories and the vaginal tab- 
let. Dosing order for each group was according to stan- 
dard Latin square protocol. A 7-day washout period 
was observed between doses. The dogs were fasted the 
night before dosing. They were anesthetized with so- 
dium thiamylal and the suppository or tablet was in- 
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serted vaginally with a plastic tampon applicator. The 
dogs were allowed to recover from anesthesia and blood 
was drawn by venipuncture at time 0 and nominally at 
0.5, 1, 2. 4, 6, 8, 12, and 24 hours for assay. 

Progesterone, 0.25 mg/kg tntravenously, was admin- 
istered to male dogs. The dogs were anesthetized with 
pentobarbital sodium for the entire experiment. Blood 
was drawn by venipuncture at time 0 and nominally at 
0.08, 0.15, 0.25, 0.50, 1, 2, 4, and 6 hours for assay. 

The blood was allowed to clot, and the serum was 
separated by centrifugation and stored at — 40° C, un- 
less the assay was to be performed within 48 hours, in 
which case it was stored at 10° C. Radioimmunoassay 
was done with Coat-A-Count progesterone radioim- 
munoassay kits (Diagnostic Products Corp., Los An- 
geles, California) according to the manufacturer’s pro- 
tocol.? The tubes were counted with an AutoGamma 
Counter 500C (Packard Instruments, Downers Grove, 
Illinois). 


Results 


Because of problems associated with the assay both 
groups were actually assayed twice. Dog 6 expelled the 
suppository on week 2 of the second run and died on 
week 3 of the second run. Inasmuch as the order of 
dosing was identical in both runs, data from the first 
run for weeks 2 to 4 were used for this dog in order 
to maintain a balanced Latin square. 

A terminal disposition rate constant for progesterone 
was calculated from data generated in a separate in- 
travenous study in male dogs. Male dogs were used for 
the study instead of female dogs mainly for conve- 
nience. The data from this study supported prelimi- 
nary results obtained in female dogs. 

Representative plots of the serum data are presented 
in Figs. 1 and 2. The data for each dog were normalized 
with respect to dose. The area under the curve from 
time 0 to infinity was calculated by the trapezoidal rule 
and the terminal disposition rate constant (obtained 
from intravenous data). The percent bioavailability was 
calculated relative to an intravenous dose. The mean 
and standard deviation for the area under the curve 
and bioavailability for each formulation are presented 
in Table I. 

Analysis of the combined data from both groups with 
the use of a one-way analysis of variance resulted in 
the resolution of two homogeneous subsets of formu- 
lations that were statistically different (p < 0.05) from 
each other. Subset 1 contained only suppositories. Sub- 
set 2 contained only vaginal tablets. Because there was 
no statistical difference observed between the vaginal 
tablets that were common between both groups, the 
data were pooled and analyzed with a single one-way 
analysis of variance. 
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The times to attain peak plasma concentration for 
the suppositories ranged from 0.6 to 1.3 hours and 
peak plasma concentration for the vaginal tablet was 
seen after 1.9 hours. 


Comment 


Although no statistical difference was demonstrated 
between the different suppository bases, a clear trend 
can be seen with respect to bioavailability of proges- 
terone from the water-soluble and fatty type supposi- 
tories. It is interesting to note the apparent lower per- 
formance of the polyethylene glycol formulation com- 
pared with the Polybase formulation, which is also a 
blend of polyethylene glycols. 

The decline in serum concentration of progesterone 
with the vaginal tablet was slower than that for the 
suppositories. This behavior is typical of absorption 
rate—limited elimination. With absorption rate—limited 
elimination the rate constant for absorption is smaller 
than the rate constant for elimination, and the time 
course of the drug in the body becomes a reflection of 
its absorption from the dosage form. Absorption rate— 
limited elimination would be expected for drugs with 
a short half-life such as progesterone. 

Assuming concentration-independent kinetics, if two 
formulations of equal dose are administered by the 
same route and different areas under the curve are 
noted, the formulation with the lesser bioavailability is 
being eliminated before complete absorption can take 
place. In the case of vaginal administration this is most 
likely by vaginal expulsion of the formulation. With the 
exception of dog 6, as noted, no intact suppositories 
were found in the pens. However, vaginal discharges 
were occasionally noted after insertion of both sup- 
positories and vaginal tablets. It may be possible that 
as the suppositories disintegrated, either by dissolution 
or by melting, they were discharged from the vagina. 
The faster the disintegration, the sooner the formu- 
lation could be expelled from the vagina. This expla- 
nation gains some basis when one considers that the 
polyethylene gylcol formulation, a water-soluble for- | 
mulation, was designed to dissolve in the same time 
period that it took the fatty type bases to melt, hence 
its similarity in performance to cocoa butter, Witespol 
H-15, and Fattibase formulations.® The vaginal tablet, 
on the other hand, would be expected to absorb fluids 
as it disintegrates and not form a sufficient amount of 
fuid to induce an excessive discharge. Cetomacrogol 
and Polybase, being slower dissolving water-soluble 
bases, tend to fall between the fast-disintegrating sup- 
positories and the vaginal tablet with its extended res- 
idence time. 

When a drug is being evaluated for the treatment of 
z condition, the release profiles of the formulation de- 
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livering this drug should be considered. The evaluation 
of the formulations in this study indicates a significant 
advantage in terms of bioavailability for the vaginal 
tablet (approximately twice the area under the curve 
of the next highest formulation) over vaginal suppos- 
itories. Increasing the ability of a formulation to resist 
expulsion from the vagina should be considered to in- 
crease the residence time in the vagina and hence the 
bioavailability. 
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Papanicolaou smears in diagnosis of 
endocervical chiamydial infection 


To the Editors: 

We wish to support Dr. Shafer and colleagues (AM J 
OBSTET GYNECOL 1985;151:765-71) in concluding that 
Papanicolaou- -stained cervical smears have no place in 
the definitive diagnosis of endocervical chlamydial in- 
fection. 

In our study, of 45 women who were chlamydia pos- 
itive by either culture, monoclonal antibody- stained 
smears (Microtak, Syva UK), or both, only six (13%) 
had inclusions in Papanicolaou smears suggesting chla- 
mydial infection.’ Furthermore, such abnormalities 
were also found in Papanicolaou smears from 10 (13%) 


of 76 chlamydia-negative patients. The highly specific. 


and sensitive chlamydial monoclonal antibody test’ was 
used to support culture, reducing the likelihood of false 
negative results. Chlamydial inclusions may be dis- 
rupted while obtaining endoceryical material or pre- 
paring specimens for analysis, but epithelial cells with 
intact cytoplasmic chlamydial inclusions are seen in 
<5% of specimens by the monoclonal technique.' 
Therefore it is not surprising that inclusions, charac- 
teristic Of chlamydial infection, are rarely seen in Pa- 
panicolaou smears, 
G. E. Forster 
I. Cookey, M.B. 
Departmert of Genitourinary Medicine 
' P. I. Richman, M.B. 
= R. Jha, M.D. 
D. Coleman, M.D. 
Department of Pathology 


St. Mary’s Hospital and Medical ee 
London W2, England 
P. E. Munday, M.D. 
B. J. Thomas, Ph.D. 
D. A. Hawkins 
R. T. Evans, M.I.Biol. 
D. Faylor-Robinson, M.D. 
Division of Sexually Transmitted Diseases 
MRC Clinical Research Center 
Harrow, Middlesex, England 
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Midforceps deliveries 


To the Editors: 
I am constrained to reply to the article of Dierker 
et al. (Midforceps delivery: Long-term outcome of in- 


fant. AM J OBSTET GYNECOL 1986;154:764-8). No- 
where, either in this well-written paper or in the dis- 
cussion that followed (although there were a number 
of caveats), did I see any mention of the importance of 
evaluation of pelvic architecture in assessing the po- 
tential outcome of the labor and delivery. ‘Over the 
years there has been ample documentation of the role 
of subtle variations in the bony pelvis (android and 
anthropoid) productive not only of disproportion but 
of secondary soft tissue insufficiency as well. Clinical 
evaluation of this structure, it seems to me, should play 
an important part in a resident’s training to better pre- 
pare him to make a seasoned judgment in those in- 
stances in which reasonable progress in labor is not 
being made. 

Alex S. Tulsky, M.D. 
111 North Wabash Avenue 
Chicago, Illinois 60602 


Reply 
To the Editors: 

I appreciate Dr. Tulsky’s comments regarding our 
article on midforceps delivery. Maternal pelvic archi- 
tecture plays a significant role in second-stage dystocia 
along with other factors such as epidural anesthesia. As 
mentioned in the article, the role of epidural anesthesia 
was not prospectively evaluated, so the relationship be- 
tween epidural anesthesia and the need for midforceps 
delivery could not be adequately evaluated in our study. 

In a similar fashion, pelvic architecture—ranging 
from clinical adequacy of the pelvis to pelvic type (an- 
droid, platypellic, etc.)}—-was infrequently described in 
the delivery note. Consequently the association between 
pelvic architecture, difficulty of delivery, and neuro- 
logical sequelae in the infant could not be addressed. 
A discussion of pelvic architecture and forceps delivery 
has been well covered by authors such as Pierce and 
Danforth in Danforth’s text on obstetrics and gyne- 
copy 

LeRoy J. Dierker, Jr., M.D. 
Diparas of Obstetrics and Gynecology 
Cleveland Metropolitan General Hospital 
Case Western Reserve University 
3395 Scranton Road 
Cleveland, Ohio 44109 


Preeclampsia 

To the Editors: 

- Sibai et al. (Maternal and perinatal outcome of con- 
servative management of severe preeclampsia in mid- 
trimester. AM J’ OBSTET GYNECOL 1985;152:32-7.) 
quote our paper' as demonstrating the adverse fetal 
outcome of conservatively managed preeclampsia. No- 
where in our paper is it stated that the 24 patients were 
“treated conservatively with bed rest and anti-hyper- 
tensive therapy.” In fact, as stated in the paper, six 
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Table I. Outcome of all pregnancies complicated by sustained proteinuria and ny pertension managed by 
the high-risk team at mie John Radcliffe Maternity Hospital in 1984 


No. of pregnancies ` 

Mean maximum 182 + 
antenatal blood 
pressure (mm Hg) 


Mean maturity at 215 £ 25 231 21 
delivery (days) i 
Range 168-254 199-257 
Survival (n) 10 10 
Percent 83 100 
Reasons for deliveryt 
Spontaneous labor l Q 
Maternal 3 3 
Fetal | 3 l 
Maternal plus fetal ] j 
Prophylactic 3 5 
Intrauterine death l 0 


*All known to have proteinuria béfore pregnancy. ` 


Duration of proteinuria (days) 


6* 


ne + i 178 + 1/199 + 12 178 £ AE +1] 185 10/193 +5 154 + 31/102 + 20 


229 + 25 991 + 27 263 + 2 
197-260 180-238 294-281 
10 3 6 
100 75 100 
0 0 i 
3 0 l 
3 0 
0 0 0 
4 2 4 
0 0 


tA “maternal” or “fetal” reason for delivery was one where it was considered that the continuation of the pregnancy carried 
an immediate risk to the safety of mother or child. A “prophylactic” reason was one where it was considered better to deliver 
than to continue with the pregnancy, but there was no immediate risk to mother or child. 


women were delivered within 24 hours of admission 
and four of these were within ’6 hours of admission. 
Fetal loss occurred in only four cases. Two cases of 
intrauterine death occurred before the women’s, ad- 
mission ‘to -the hospital. One case of neonatal death 
occurred in a woman delivered within hours of admis- 
sion on fetal and maternal grounds, and one neonatal 
death occurred at 32 days of age in the case of a woman 
who had been admitted and treated with Labetalol for 
3 days before delivery that was eee by a de- 
teriorating nonstress test. | 

It is our policy to undertake conservative manage- 
ment of proteinuric preeclampsia occurring before 36 
weeks only if the following criteria are met: (1) The 
mother is asymptomatic. (2) Her blood pressure can be 
controlled at safe levels. (3) There are no biochemical 
or hematologic abnormalities indicating the pregnancy 
cannot safely be continued. (4) There is no evidence of 
fetal distress sufficient to require delivery on nonstress 
tests, which are usually performed daily. 

Failure to ‘apply these criteria will inevitably result 
in major maternal morbidity as- experienced by Sibai 
et al. The outcome of pregnancies with sustained pro- 
teinuria and hypertension managed by the high- -risk 
team at the John Radcliffe Hospital in 1984 is given in 
Table I. No significant maternal morbidity was expe- 
rienced. 

We would agree with Sibai et i that much of the 
maternal. morbidity experienced in their. study oc- 
curred because of delayed delivery, although clearly 
some of the complications related to inadequate blood 
pressure control. We believe, however, that in many 
pregnancies.complicated by preeclampsia it is possible 
to safely undertake conservative management with 


close maternal and fetal monitoring and immediate de- 
livery when any of the above criteria for conservative 
management are no longer met. 
M. P. Moore, M.B. 

Depariment of Medicine 
Princess Margaret Hospital 
Christchurch, New Zealand 

. = C. W. G. Redman, M.B. 
Nuffield Department of Obstetrics and Gynaecolo D 
John Radcliffe Hosjntal 
Headington, Oxford, England OX3 9DU 
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Reply 
To the Editors: 

We would like to apologize to both Drs. Moore and 
Redman regarding the above misquote, which actually 
applies to another reference. This must have happened 
during the procéss of revision and reduction of the 
number of references in the manuscript. The main 
reason their study was included in the references is to 
refer. to the four perinatal deaths they reported for 
gestations <29 weeks. This holds true also for other 
references in our paper. : 

The rest of the material and data TERT in their 
letter is irrelevant to the substance of our report. Their 
suggestion that some of the complications were related 
to inadequate blood pressure control is not based on 
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any solid clinical or casera data. In fact, fees is no 
evidence to suggest that reducing maternal diastolic 
blood pressure to <90 mm Hg in these patients will 
reduce the incidence of any of the complications listed 
in our report. However, lowering the diastolic blood 
pressure .to <90 mm Hg as suggested by them, will 


increase the incidence of. fetal growth retardation, as - 


demonstrated ‘in. their report (82% were <10 percen- 
tile). The patients included in their table are far from 
béing comparable to the patients studied in our report. 
The definition of preeclampsia used by them applies 
to mild-to-moderate preeclampsia and not severe 
(blood pressure 2140/90 mm Hg or systolic increased 
by 30 mm Hg and/or diastolic increased by =15 mm 
Hg; 24-hour urine protein >1 gm). The patients had 
severe preeclampsia at time of delivery (as reflected in 
their maximum antenatal blood pressure values). In 
addition, the authors excluded all cases of <24 weeks’ 
gestation, while 31 patients studied in our report had 
disease at <25 weeks’ gestation. 

. Moreover, 34 of the 60 patients reported by us re- 
ceived their management elsewhere-and then were re- 
ferred to us because of maternal or fetal complications. 

The average gestational age at delivery in our pa- 
tients was 26.5 + 1.9 weeks whereas it ranged between 
31 + 3.5 to 33 + 3.0 weeks in the groups listed in their 
table. In fact, during a l-month period in 1984 we 
encountered a.similar number of patients with gesta- 
tional ages comparable to those listed in that table. 
Hence the information in that table is irrelevant, since 
it applies mainly to mild preeclampsia developing dur- 
ing the third trimester. 

. Pa n Baha M. Sibai, M.D. 
Division of Maternal/Fetal Medicine 

The University of Tennessee, Memphis 

853 Jefferson Avenue 

Memphis, Tennessee 381 63 
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Fetal lung maturity 
To.the Editors: l T 

I read with great interest the article entitled “Am- 
niotic fluid phosphatidylglycerol and phosphatidylcho- 
line phosphorus as predictors of fetal lung -maturity” 
(Kogon et al. AM J OBSTET GYNECOL 1986; 154:226-30). 

The authors state that the analysis of their data was 
made with the use of standard diagnostic test para- 
meters. However, sensitivity is usually defined -as the 
likelihood that a test will be positive if the disease is 
present. Conversely, specificity is the likelihood that the 
test will be normal or negative if the disease is absent.’ 

In this application, the occurrence of respiratory dis- 
tress syndrome (RDS) is the disease. The positive test 
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Table I. RDS in relation to | 
phosphatidylglycerol determination 


(<2 days before delivery) 


` Phosphatidylglycerol No RDS ' . RDS 








Present `’ 592 10 
| alb | 
Absent . 28 © 36. 
Sensitivit ae 73 3% 
pad S 
a 
ifici = 95, 
Speci ae! n 95.5% 





: s: l C | 
False positive rate = 4.5% 
atc 





= 21.7% 


False negative rate 2 
Pg ne TE 





: d ’ 
Positive predictive value = 56.3% 
c+d i 





a 
I icti l = 98.3 
Negative predictive value We % 


Prevalence 
? a 


result which indicates the possibility of RDS is the ab- 
sence of phosphatidylglycerol. 
In this light, the results of the authors’ Table I might 
be better presented as shown in the Table I of this letter. 
William R. Walker, M.D. 
Nicolas V. Simon, M.D. 
b of Obstetrics and Gynecology 
York Hospital 
1001 S. George Street | 
York, Pennsylvania 17405 
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Reply 
To. the Editors: 

Drs. Walker and Simon make a good aon one which 
was given great consideration by myself and my co- 
authors during the writing of the paper. 

Sensitivity and specificity are used in the assessment 
of a test to predict an outcome. This outcome generally 
is the presence of a disease but not aways as our paper 
attests. 

_ The presence of the aa phospholipids i in am- 
niotic fluid as predictive of an outcome was assessed. 
That outcome in this case is ‘health (fetal pulmonary: 
maturity) as opposed to disease. In fact, the measure 
of the outcome was lack of disease (neonatal respiratory 
distress syndrome). So, although this does not conform 
exactly to the more usual use of sensitivity and speci- 
ficity, the format is more appropiate for this study, 
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inasmuch as the test is to determine a healthful state 
as opposed to a diseased state. 

Drs. Simon arid Walker make the point that “the pos- 
itive test result which indicates the possibility of RDS” 
is the absence of phosphatidylglycerol. This is not only 
very different from what we. found and wish to state, 
which is that the positive test result that indicates the 
improbability of RDS is the presence of phosphatidyl- 
glycerol, but it is also very untrue. The results showed 
that the absence of phosphatidylglycerol i is not a good 
predictor of RDS. That is why the quantification of 
phosphatidylcholine phosphorus and its correlation to 
RDS was assessed. In the absence of phosphatidylglyc- 
erol, fetal pulmonary maturity could be determined by 
the measurement of phosphatidylcholine phosphorus. 

For this reason it was felt data were best presented 
as they appeared, but I do thank Drs. Simon and Walker 
for their time and concern. 

David P. Kogon, M.D. 
P. O. Box 697 
Amherst, Nova Scotia, Canada B4H 4B8 


Preterm labor 


To the Editors: | 

In their article (Preterm labor: Its diagnosis and man- 
agement. AM J OBSTET GYNECOL 1986;154:3-8) Drs. 
Gonik and Creasy state “no increased | iatrogenic risks 
from. preterm serial examinations of the cervix have 
thus far been identified.” Perhaps this depends ; on the 
technique of examination (paracervical versus intra- 
cervical), because Lenihan’ showed a significant rela- 
tionship between antepartum pelvic examinations and 
premature rupture of the membranes. This may largely 
explain the failure of. Main et al.’ to reduce premature 
birth by their interventions; an astounding 50% of the 
women in their Preterm Labor Prevention Clinic pop- 
ulation in Philadelphia had premature rupture of the 
membranes. Similar pathophysiologic conditions may 
underlie the threefold increase in premature rupture 
of membranes caused by recent coitus,’ and also explain 
the reported ability of erythromycin to extend gestation 
in women treated for idiopathic preterm labor.’ A study 
looking at the method of cervical examination and re- 
cent intercourse in relationship to premature rupture 

_of membranes might be very fruitful. 
l Jefrey Arlen, M.D. 

Mercy Medical Center 
1650 Fillmore Street 
Denver, Colorado 80206 
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Reply 
To the Editors: . 

"We welcome Dr. Arlen’s interest in our article and 
appreciate the opportunity to respond to his comiments. 
The basis for our statement “no increased iatrogenic 
risks from preterm serial examinations of the cervix” 
comes from the personal experiences of one of us with 
this approach to the high-risk preterm labor candidate. 
As mentioned in our manuscript, Holbrook et al.' could 
demonstrate no deleterious effect from this approach 
and was able to identify 18% of high-risk subjects in 
premature labor by cervical examination alone. In the 
article by Main et al., which was cited by Dr. Arlen, 
there were no differences in premature rupture of 
membranes between those patients. serially examined 
and the control subjects. Additionally, in the article by 
Lenihan, his data refer to term rather than preterm 
subjects. We agree with Dr. Arlen that local cervical and 
vaginal factors may play some role in preterm labor 
and premature rupture of membranes. However, as 
pointed out, only a limited amount of aah is currently 
available. 

Robert K. TA M.D. 
"E Bernard Gonik; M.D. 
The University of Texas 
Health Science Center at Houston 
Department of CeCe, Gynecology and Reproductive 

Sciences . | 
6431 Fannin, Suite 3.270 
Houston, Texas 77030 
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Ritodrine or terbutaline—The optimal dosage in 
`- the treatment of preterm labor 


To the Editors: 

After reading the report by Beall et al., “A compar- 
ison of ritodrine, terbutaline, and magnesium sulfate 
for the suppression of preterm labor” (AM J OBSTET 
GYNECOL 1985;153:854-9), we would like to comment 
on the use of B-sympathomimetic drugs in tocolysis and 
especially the use of unreasonably high doses of ter- 
butaline. Beall et al. used terbutaline in an infusion rate 
varying between 20 and 79 pg/min and ritodrine in a 
maximum dose of 350 pg/min. They present more fre- 
quent side effects. when using terbutaline compared 
with ritodrine but otherwise similar results in terms of 
preventing preterm delivery. 

In a recently presented double-blind study compar- 
ing ritodrine and terbutaline in the treatment for pre- 
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term labor, Caritis et al.’ used maximum terbutaline 
infusion rates of 17.5 and 350 pg/min of ritodrine. 
These infusion rates correspond more closely to infu- 
sion rates used in northern Europe. 

According to Swedish experience, a maximum in- 
fusion rate of terbutaline is 25 »g/min® although in 
clinical practice an infusion rate higher than 10 to 15 
wg/min is rarely called for.’ 

The maternal side effects of 8-mimetics are most 
likely correlated to the amount of drug administered. 

The mechanism of B-adrenoceptor—stimulating 
agents has been thoroughly studied. Recently we pre- 
sented a study on the down regulation of B-adreno- 
ceptors in the myometrium after treatment of preterm 
labor with terbutaline.* In a recent study we also mea- 
sured the concentration of terbutaline in plasma and 
myometrium from women treated with terbutaline for 
preterm labor and delivered with cesarean section 
(Berg G, Rydén G, Andersson RGG, Lindberg C. Down 
regulation of B-adrenoreceptors in human pregnant 
myometrium. Unpublished observations). We found 
an inverse correlation between the concentration of 
terbutaline in the myometrial tissue and the number 
of B-adrenoceptors (r = —0.84) indicating that the 
higher the dose administered, the more pronounced 
the degree of down regulation of the B-adrenoceptor 
system. Furthermore, as has also been shown by Beall 
et al., the higher the dosage cf B-mimetics, the more 
frequent and probably the more severe the side effects. 
Equipotent doses of terbutaline and ritodrine are dif- 
ficult to state, but an infusion rate of 15 to 20 pg/min 
of terbutaline probably better corresponds to 350 
g/min of ritodrine than does 70 g/min of terbutaline. 

In conclusion we would like to point out that massive 
doses of B-mimetics, whether terbutaline or ritodrine, 
hardly improve the results in treatment of preterm la- 
bor but certainly endanger the mother’s health. When 
terbutaline infusion rates >20 g/min are called for, 
the mechanisms triggering preterm labor must be se- 
riously looked for and the indication for preventing a 
preterm birth must be thoroughly scrutinized. 


[Editoria: note: Comments on dosage were given in 
the reply to Caritis et al. (Beall MH, Paul RH) Am J 
OBSTET GYNECOL 1986;155:1357.] 

Géran Berg, M.D. 
Gunnar Rydén, M.D. 
Department of Obstetrics and Gynecology 
Linköping Untversity 


S-581 85 Linköping, Sweden 
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Effect of calcium supplementation on the 
vascular sensitivity to angiotensin Il in 
pregnant women 


To the Editors: 

Kawasaki et al. (AM ] OBSTET GYNECOL 1985;153: 
576-82) have demonstrated that calcium supplemen- 
tation reduces vascular sensitivity to angiotensin IT and 
that pregnancy-induced hypertension incidence was 
less (4.5%) in relation to a control group (21.2%), a 
difference that is statistically nonsignificant. 

In the past 2 years we have been involved in a 
double-blinded study in which supplementation of 
2 gm of elemental calcium (gluconate) was given, be- 
ginning at the twenty-fourth week of gestation until 
delivery, to primiparous patients, who were <25 years 
of age and normotensive at the beginning of gestation 
and who presented no important pathologic alterations. 
This study was carried out in patients who attended 
the prenatal clinic in the Obstetrics and Gynecology 
Hospital Isidro Ayora, Quito, Ecuador. We have dem- 
onstrated that pregnancy-induced hypertension, de- 
fined in the same terms as those used by the authors 
mentioned, was present in only 6.5% (n = 46) of 
the calcium-supplemented group. Meanwhile the in- 
cidence of pregnancy-induced hypertension in the 
control group, those who took placebo tablets, was 
28.2% (n = 46), a difference statistically significant 
(p < 0.001). These results differ from that reported by 
Kawasaki et al., who in their study only used 156 mg 
of elemental calcium, in light of the fact that Belizan 
et al.' had suggested earlier the necessity of 2 gm of 
daily calcium supplementation to maintain constant 
normal levels of arterial tension during pregnancy. 

The high incidence of pregnancy-induced hyperten- 
sion observed in the control group could be due to 
known risk factors for these patients, who were pri- 
miparous and young (18.6 + 0.7 years) and had a low 
daily calcium intake of approximately 300 mg. In the 
calcium-supplemented group, ionic calcium values, de- 
termined by calcium-specific electrode method (Nova 
II Biomedical, Massachusetts) was maintained constant 
(1.18 mmol/L + 0.02) during the pregnancy. In the 
nonsupplemented group there was an important de- 
crease of the ionic calcium concentration (1.12 + 0.06 
mmol/L) in weeks 28 and 32 of pregnancy. 

On the other hand, it has been suggested that pros- 
taglandin I, participates in the etiopathogenesis of 
pregnancy-induced hypertension.” * However, the pro- 
duction of prostaglandin I, by the maternal-fetal tissues 
may be involved in the modulation of the pressor effect 
of infused angiotensin II.*° We have demonstrated that 
extracellular calcium concentration directly affects the 
synthesis of prostaglandin I, in vascular tissue while the 
parathyroid hormone does not, but it can influence the 
generation of prostaglandin I, through changes in ex- 
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tracellular calcium levels (Lépez-Jaramillo P, Guar- 
ner F, Moncada S. Effects of calcium and parathyroid 
hormone on prostacyclin synthesis by vascular tissue. 
Life Sci. Unpublished observations). This interesting 
possibility should be further studied in order to estab- 
lish the mechanism by which calcium supplementation 
influences the behavior of blood pressure. 


Patricio Lopez-Jaramillo, M.S., M.D. 
Marcelo Narvaez, M.D. 
Rodrigo Yepez, M.D. 
Hosptial Gineco-Obstetrico Isidro Ayora 
Laboratorio de Investigaciones Facultad de Medicina 
Iquique y Sodiro 
Quito, Ecuador 
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Cesarean sections 


To the Editors: 

The communique from Boylan and Frankowski (AM 
J OBSTET GYNECOL 1986;155:455-6), in which they sug- 
gested that the frequency of abdominal delivery be also 
categorized as to parity, inspired me to look closely at 
the comparable figures generated in our institution. 

St. Mary’s Hospital in San Francisco is a 550-bed 
community facility operated by the Sisters of Mercy. 
The obstetric service is about equally divided between 
“private” and “clinic” patients, the latter including a 
high percentage of individuals previously residing in 
Vietnam, Cambodia, and Laos. Obstetrically, the pa- 
tients are ones of low- and moderate-risk status, in- 
cluding some who may be considered to be in the high- 
risk group. 

From January 1, 1984, through July 31, 1986, there 
were 1797 deliveries at St. Mary’s. Of these, 340 were 
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delivered by cesarean section, an overall incidence of 
19% (the same, in fact, as the overall rate at Hermann 
Hospital, where Boylan and Frankowski are located). 

More pertinent to this missive, 684 of the deliveries 
were of patients who were para 0. This constitutes 38% 
of the total. The cesarean section rate in those 634 
patients was 23%. 

Of the remaining 1113 who were multiparous, the 
cesarean section rate was 17%. 

The fact that there is a difference between rates of 
abdominal delivery at our hospital and at Hermann 
Hospital, when viewed by parity, is probably of no great 
significance. The important reality is that there is a 
differing section rate between primiparous and mul- 
tiparous women. I would urge, as do Boylan and Fran- 
kowski, that all institutions look more closely at the 
occurrence of cesarean sections, with regard to the pa- 
tients’ parity. 

Now if I may wander a bit, I have long felt that one 
of the reasons for the alarming increase in cesarean 
section rates in recent years may be the fact that an 
ever-expanding proportion of the obstetric population 
is composed of primiparous women. This fact, in and 
of itself, would be expected to explain some of the 
apparent increase in absolute rates of abdominal de- 
livery. 

Having said that, I looked back at St. Mary’s obstetric 
population and found tc my surprise that 34% of cur 
patients in 1955 were para 0. In other words, the in- 
cidence of primiparous women at our hospital is not 
really much greater now than it was then. (In fact, in 
1955 it was slightly higher in proportion than is Her- 
mann Hospital’s even now; 32% of all their deliveries 
in the first half of 1985 constituted primiparcus 
women.) 

Presumably, at least at St. Mary’s, there is not truly 
an increasing proportion of primiparous women. That 
“fact” then is disqualified as a major explanation for 
the increasing section rate, as I had postulated earlier. 
(It is interesting but no surprise to those of us who go 
back a way that the section rate at St. Mary’s in 1955 
in the case of those primiparous women was only 3%. 
The overall rate was 4%.) 

It would be of interest for other institutions to look 
at their “ancient” statistics in this manner. 

None of these meanderings would, however, mitigate 
against readers segregating their cesarean section rates 
as to parity, as did Boylan and Frankowski. 

. Henry J. Soldati, M.D. 
595 Buckingham Way, Suste 500 
San Francisco, California 94132 
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Changes in definitions of clinical staging for carcinoma of the 
cervix and ovary: International Federation of Gynecology 


and Obstetrics 


The Oncology Committee of the International Fed- 
eration of Gynecology and Obstetrics at its last meet- 
ing (1985) made changes in the definition of some of 
the stages of carcinoma of the cervix and ovary. These 
changes, are not in the nineteenth annual report on 
the results of treatment in cases of gynecologic cancer 
published by FIGO in 1985. Since the twentieth an- 
nual report, which will reflect these changes, will not 
be available until 1988, it was deemed appropriate to 
make this information available to the readership of 
the AMERICAN JOURNAL OF OBSTETRICS AND GYNE- 
COLOGY. 

The following are the changes in the definition of 
clinical staging for carcinoma of the cervix and ovary. 


Definition of Stage | carcinoma of the cervix 
Stage I. The carcinoma is strictly confined to the cer- 

vix (extension to the corpus should be dis- 

regarded) 
Stage IA. Preclinical carcinomas of the cer- 
vix, that is, those diagnosed only 
by microscopy 
Stage IA]. Minimal microscopi- 
cally evident stromal 
invasion 

Stage IA2. Lesions detected mi- 
croscopically that can 
be measured. The 
upper limit of the 
measurement should 
not show a depth 
of invasion of more 
than 5 mm taken 
from the base of the 
epithelium, either 
surface or glandular, 
from which it origi- 
nates, and a second 
dimension, the hori- 
zontal spread, must 
not exceed 7 mm. 


Larger lesions 
should be staged 
as IB 


Stage IB. Lesions of greater dimensions 
than Stage IA2 whether seen clin- 
ically or not. Preformed space 
involvement should not alter 
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the staging but should be specifi- 
cally recorded so as to determine 
whether it should affect treatment 
decisions in the future 

Notes on staging. Stage [A carcinoma should include 
minimal microscopically evident stromal invasion as 
well as small cancerous tumors of measurable size. Stage 
IA should be subdivided into those lesions with minute 
foci or invasion visible only microscopically as Stage IA] 
and the macroscopically measurable microcarcinomas 
as Stage IA2 in order to gain further knowledge of the 
clinical behavior of these lesions. The term IB occult 
should be omitted. 

The diagnosis of both Stage [A] and IA2 should be 
based on microscopic examination of removed tissue, 
preferably a cone, which must include the entire lesion. 
As noted above, the lower limit of Stage IA2 should be 
that it can be measured macroscopically (even if dots 
need to be placed on the slide before measurement) 
and the upper limit of IA2 is given by measurement 
of the two largest dimensions in any given section. The 
depth of invasion should not be more than 5 mm taken 
from the base of the epithelium, either surface or glan- 
dular, from which it originates. The second dimension, 
the horizontal spread, must not exceed 7 mm. Vascular 
space involvement, either venous or lymphatic, should 
not alter the staging but should be specifically recorded 
as it may affect treatment decisions in the future. 

Lesions of greater size should be staged as IB. 

Asa rule, it is impossible to estimate clinically whether 
a cancer of the cervix has extended to the corpus. Ex- 
tension to the corpus should therefore be disregarded. 


Stage grouping for primary carcinoma of 
the ovary 


These categories are based on findings at clinical ex- 
amination and/or surgical exploration. The histologic 
characteristics are to be considered in the staging, as 
are results of cytologic testing as far as effusions are 
concerned. It is desirable that a biopsy be performed 
on suspicious areas outside the pelvis. 


Stage I. Growth limited to the ovaries 

Stage 1A. Growth limited to one ovary; 
no ascites. No tumor on 
the external surface; capsule 
intact 

Stage 1B. Growth limited to both ova- 
ries; no ascites. No tumor on 
the external surfaces; capsules 
intact 
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Stage IC.* Tumor either Stage IA or IB 
but with tumor on the surface 
of one or both ovaries; or with 
capsule ruptured; or with as- 
cites present containing ma- 
lignant cells or with positive 
peritoneal washings 

Stage II. Growth involving one or both ovaries with 
pelvic extension 

Stage ITA. Extension and/or metastases 
to the uterus and/or tubes 

Stage IIB. Extension to other pelvic 
tissues 

Stage IIC.* Tumor either Stage IIA or 
IIB but with tumor on the sur- 
face of one or both ovaries; or 
with capsule(s) ruptured; or 
with ascites present containing 
malignant cells or with posi- 
tive peritoneal washings 
Stage III. Tumor involving one or both ovaries with 
peritoneal implants outside the pelvis and/ 


*In order to evaluate the impact on prognosis of the differ- 
ent criteria for allotting cases to Stage IC or IIC it would be of 
value to know if rupture of the capsule was (1) spontaneous 
or (2) caused by the surgeon and if the source of malignant 
cells detected was (1) peritoneal washings or (2) ascites. 


Corrections 


Stage IV. 
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or positive retroperitoneal or inguinal 
nodes. Superficial liver metastasis equals 
Stage III. Tumor is limited to the true pelvis 
but with histologically verified malignant 
extension to small bowel or omentum 
Stage IIIA. Tumor grossly limited to 
the true pelvis with negative 
nodes but with histologically 
confirmed microscopic seed- 
ing of abdominal peritoneal 
surfaces 
Stage IIIB. Tumor of one or both ovaries 
with histologically confirmed 
implants of abdominal peri- 
toneal surfaces, none exceed- 
ing 2 cm in diameter. Nodes 
negative 
Stage IIIC. Abdominal implants >2 cm 
in diameter and/or positive 
retroperitoneal or inguinal 
nodes 
Growth involving one or both ovaries with 
distant metastasis. If pleural effusion is 
present there must be positive cytologic test 
results to allot a case to Stage IV. Paren- 
chymal liver metastasis equals Stage IV 


In the article by Hadgu et al., entitled “Predicting acute pelvic inflammatory disease: 
A multivariate analysis” (AM J OBSTET GYNECOL 1986;155:954-60), on page 958 under 
the heading “Prediction outside estimation data,” the 500 observations referred to in the 
second sentence should have read 599 observations. 


In the article by Krebs, entitled “Intestinal injury in gynecologic surgery: A ten-year 
experience” (AM J] OBSTET GYNECOL 1986;155:509-14), in Table II, on page 511, under 
the heading “Adnexal disease,” Total No., given as 1450, should have been 1920; Small 
bowel %, given as 1.0, should have been 0.7; Large bowel %, given as 0.6, should have 
been 0.4; Total %, given as 1.5, should have been 1.1. 
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Roster of American obstetric and gynecologic societies* 


(Appears annually in the January issue) 


American Board of Obstetrics and Gynecology, Inc. 
(1930) President, Daniel R. Mishell, Jr. Executive 
Director, James A. Merrill, 4507 University 
Way, N.E.. Seattle, WA 98105. Meeting, De- 
cember 7-11, 1987. 


American Gynecological and Obstetrical Society. 
President, Frederick Zuspan. Secretary, Henry 
Thiede, University of Rochester, 601 Elm- 
waod Ave., Rochester, NY 14642. Meeting, 
September 10-12, 1987. 


Central Association of Obstetricians and Gynecolo- 
gists. (1929) President, Stacy R. Stephens. Sec- 
retary, James H. Maxwell, 320 East Fontanero, 
Suite 106, Colorado Springs, CO 80907. Meet- 
ing, October 15-17, 1987. 


Pacific Coast Obstetrical and Gynecological Society. 
(1931) President, Charles F. Langmade. Secre- 
tary, Walter S. Keifer, 215 Calle Leandro, Ca- 
thedral City, CA 92234. Meeting, Sept. 27-Oct. 
2, 1987. 


American College of Obstetricians and Gynecologists. 
(1951) President, Harry S. Jonas. Secretary, Ezra 
C. Davidson, Jr., 600 Maryland Ave., S.W., 
Suite 300E, Washington, DC 20024-2588. 
Meeting, April-27-30, 1987. 


American Society for Psychosomatic Obstetrics and 
Gynecology. President, Miriam B. Rosenthal. 
Secretary, Dennis H. Smith, University Hospi- 
tals, University Circle, Cleveland, OH 44106. 
Meeting, March 25-29, 1987. 


*Changes. omissions, and corrections must be received by 
the publisher two months in advance (by November 1) for 
the Roster. Please address the Journal Editing Department, 
The GC. V. Mosby Company, 11830 Westline Industrial Drive, 
St. Louis, Missouri 63146. The number after the society’s 
name is the year of founding. For further information, address 
the respective secretaries. 


Society for Gynecologic Investigation. President, Ed- 
ward Wallach. Secretary, Anne Colston Wentz, 
Vanderbilt University Medical Center, Nash- 
ville, TN 37232. Meeting, March 18-21, 1987. 


Society of Obstetricians and Gynaecologists of Can- 
ada. (1945) President, Douglas W. Cudmore. 
Secretary, Patrick T. Mohide, 14 Prince Arthur 
Ave., Suite 210, Toronto, Ontario, Canada 
M5R IAQ. Meeting, June 23-27, 1987. 


Society of Perinatal Obstetricians. President, Amelia 
Cruz. Secretary, Richard Paul, Los Angeles 
County/University of Southern California 
Medical Center, Women’s Hospital, 1240 N. 
Mission Road, Los Angeles, CA 90033. Meet- 
ing, February 4-7, 1987. 


South Atlantic Association of Obstetricians and Gy- 
necologists. (1938) President, Leo J. Dunn. Sec- 
retary, Hobart C. Hortman, Jr., 10 Hospital 
Circle, Rome, GA 30161. Meeting, January 25- 
28, 1987. 


Bronx Gynecological and Obstetrical Society. Presi- 
dent, George J. Kleiner. Secretary, Joanna Shul- 
man, 3424 Kossuth Ave., Bronx, NY 10467. 
Meetings, Jan. 19, March 16, and May 18, 
1987. 


Brooklyn Gynecological Society, Inc. President, Spiro 
Gallousis. Secretary, Frederick H. Sillman, 
Health Science Center at Brooklyn, 450 Clark- 
son Ave., Box #24, Brooklyn, NY 11203. 


Buffalo Gynecologic and Obstetric Society. (1945) 
President, James J. A. Fraser. Secretary, Camille 
M. Perla, 77 Livingston St., Buffalo, NY 
14213. Meetings, Jan. 13, Feb. 10, March 10, 
April 21, and May 12, 1987. 


Chicago Gynecological Society. President, Arthur L. 
Herbst. Secretary, Ulisse P. Cucco, 221 W. Pros- 
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pect Ave., Mount Prospect, IL 60056. Meet- 
ings, third Friday of Jan.-June. 


Cleveland Society of Obstetricians and Gynecologists. 
President, George Goler. Secretary, Gita P. Gid- 
wani, 9500 Euclid Ave., Cleveland, OH 44106. 
Meetings, Jan. 27, Feb. 18, March 25, and May 
27, 1987. 


Greater Hartford Obstetrical and Gynecological So- 
ciety, Inc. President, Ashbel G. Gulliver. Sec- 
retary, David J. Nochimson, University of 
Connecticut Health Center, OB/GYN, 263 
Farmington Ave., Farmington, CT 06032. 
Meetings, Jan. 3 and April 14, 1987. 


Infectious Disease Society. for Obstetrics and Gyne- 
cology. (1973) 


Kansas City Gynecological Society. (1932) 


Memphis and Shelby County Obstetrical and Gyne- 
cologic Society. President, Albert Alexander. 
Secretary, Robert Sauter. Meetings, six times 
yearly. i 


Miami Obstetrical and Gynecological Soctety. (1946) 
President, Chester Morris. Secretary, Alex Bez- 
jian, 1150-N.W. 14th St., Suite 214, Miami, FL 
33136. Meetings, Thursdays, Jan. 8, March 12, 
and May 14, 1987. 


Milwaukee Gynecological Society. (1951) President, 
William E.: Martens. Secretary, Mr. Robert 
Herzog, 850 Elm Grove Rd., Elm Grove, WI 
53122. Meetings, Feb. 9, March 9, April 13, 
Oct. 6, and Nov. 3, 1987. 


Montana OB-GYN Society and Montana Section of 
American College of Obstetricians and Gy- 
necologists. (1948) President, William J. Peters. 
Secretary, Thomas C. Olson, P.O. Box 35100, 
Billings, MT 59107. Meeting, March 5-7, 
1987. 


Nassau Obstetrical and Gynecological Society, Inc. 
President, Seymour Siegel. Secretary, Paul Maz- 
zarella, 179 Community Drive, Great Neck, 
NY 11021. Meetings, Feb. 8 and April 27, 
1987. . 


New Jersey Obstetrical and Gynecological Society. 
(1947) President, Bernard Pekala. Secretary, 
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Gerard Hansen, 2 Princess Rd., Lawrenceville, 
Nj 08648. Meeting, June 5-6, 1987. 


New York Gynecological Society, Inc. President, 
M. Leon Tancer. Secretary, Gerson Weiss, 100 
Bergen St., Newark, NJ 07103. Meetings, Jan. 
28, March 25, and May 27, 1987. 


North Dakota Society of Obstetrics and Gynecology. 
(1938) President, Robert Bury. Secretary, 
Thomas Herzog, 737 Broadway,. Fargo, ND 
58123. Meeting, Sept. 11-12, 1987. 


Obstetrical Society of Boston. President, Charles F. 
Eades. Secretary, Richard K. Kennedy, 1180 
Beacon St., Brookline, MA. Meetings, Jan. 12, 
Feb. 9, March 16, and April 20, 1987. 


Oklahoma City Obstetrical and Gynecological Soci- 
ety. (1940) President, Mike Seikel. Secretary, Ste- 
ven D. Jimerson, 1407 N. Porter, Norman, OK 
73071. Meetings, Feb. 9, April 13, and May 
11, 1987. 


Pittsburgh Obstetrical and Gynecological Society. 
(1935) President, Eberhard Mueller-Heubach. 
Secretary, Charles Diez, Ohio Valley Hospital, 
McKees Rocks, PA 15136. Meetings, first Mon- 
day of Oct.-Dec. and Feb.-May. 


San Diego Gynecological Society. (1929) President, 
Ehzabeth L. Wilder. Secretary, William Que- 
senberry, 15525 Pomorado Road, Poway, CA 
92064. Meetings, fourth Tuesday of Sept.- 
May. 


San Francisco Gynecological Society. (1929) President, 
Emmet Lamb. Secretary, Gordon Peacock, 
3838 California St., San Francisco, CA 94118. 
Meetings, Jan. 13, Feb. 10, March 10, April 
14, and May 12, 1987. 


Seattle Gynecological Society. President, Douglas Der- 
Yuen. Secretary, Stig Andersen, c/o Helen Ros- 
berg, Executive Secretary, Dept. OB-GYN 
RH-20, University Hospital, Seattle, WA 
98195. Meeting, Sept. 18-19, 1987. 


Texas Association of Obstetricians and Gynecolo- 
gists. (1931) President, Bob Shull. Secretary, 
R. H. Wernecke, #403 Medical Park Tower, 
Austin, TX 78705. Meeting, Feb. 25-27, 1987. 


Wisconsin Society of Obstetrics and Gynecology. Pres- 
ident, Thomas Hofbauer. Secretary, William 
Martens, 10425 W. North Ave., Wauwatosa, 
WI 53226. Meeting, July 16-18, 1987. 


BOOKS 





Books received 


Abortion and the Private Practice of Medicine. Jon- 
athan B. Imber. 164 pages. New Haven, Con- 
necticut, 1986, Yale University Press. $15.95. 

A Classified Bibliography of Controlled Trials in Peri- 
natal Medicine 1949-1984. Prepared by the 
National Perinatal Epidemiology Unit, Ox- 
ord, United Kingdom, with the support of 
the World Health Organization. New York, 
1985, Oxford University Press. $39.95. 

Clinical Ethics. Second Edition. Albert R. Jonsen, 
Mark Siegler, and William J. Winslade. 202 
pages. New York, 1986, Macmillan Publishing 
Company. $22.50. 

Clinical Obstetrics: A Public Health Perspective. Ed- 


ited by Benjamin P. Sachs and David Acker. 


308 pages. Littleton, Massachusetts, 1986, PSG 
Publishing Company, Inc. No price listed. 

Clinics in Obstetrics and Gynaecology. New Clinical 
Issues in In Vitro Fertilization. C. Wood and 
A. Trounson, Guest Editors. 172 pages. Phil- 
adelphia, 1985, W. B. Saunders. $24.95. 

Colposcopy. A Scientific and Practical Approach to the 
Cervix, Vagina and Vulva in Health and Dis- 
ease. Malcalm Coppleson, Ellis Pixley, and Be- 
van Reid. 581 pages, illustrated. Springfeld, 
Illinois, 1936, Charles C Thomas, Publisher. 
$64.75. 

The Complete Pregnancy Workbook. Philip D. Sloane, 
Salli Benedict, and Melanie Mintzer. 268 
pages, illustrated. Chapel Hill, North Caro- 
lina, 1986, Algonquin Books of Chapel Hill. 
$13.95 (soft cover). 

Infertility, Contraception and Reproductive Endocri- 
nology. Second Edition. Edited by Daniel R. 
Mishell and Val Davajan. 704 pages, illus- 
irated. Oradell, New Jersey, 1986, Medical 
Economics Books. $54.95. 


Major Ambulatory Surgery. Edited by James E. Davis. 
494 pages, illustrated. Baltimore, 1986, Wil- 
liams & Wilkins. $69.50. 

Middle of the Night Baby Book. Nancy Belbas, Ju- 
lienne Smerlinder, and Mary Kay Stranik. 97 
pages, illustrated. Tucson, 1986, The Body 
Press. $4.95 (soft cover). 

Modern Obstetrics in General Practice. Edited by 
G. N. Marsh. 448 pages. New York, 1986, Ox- 
ford University Press. $29.95 (soft cover). 

Prepregnancy Care. Edited by Geoffrey Chamberlain 
and Judith Lumley. 279 pages, illustrated. 
New York, 1986, John Wiley & Sons. $25.00. 

Progress in Obstetrics & Gynaecology. Volume 5. Ed- 
ited by John Studd. 412 pages, illustrated. 
New York, 1985, Churchill Livingstone, Inc. 
$35.00 (soft cover). 

Recherches Recentes sur L’Epidemiologie de la Fer- 
tilite. J. Henry-Suchet, M. Mintz, and A. Spira. 

- 280 pages, illustrated. Paris, 1986, Masson. 
330 F. 

Sensory Disorders of the Bladder and Urethra. Edited 
by N. J. R. George and J. A. Gosling. 181 
pages, illustrated. New York, 1986, Springer- 
Verlag. $39.00. 

Standardization and Quantitation of Diagnostic Stain- 
ing in Cytology. Edited by Mathilde E. Boon . 
and L. P. Kok. 155 pages, illustrated. Leiden, 
The Netherlands, 1986, Coulomb Press Ley- 
den. $40.00. 

Undergraduate Obstetrics and Gynaecology. M. G. R. 
Hull, D. N. Joyce, and Gillian Turner. 321 
pages. Littleton, Massachusetts, 1986, PSG 
Publishing Company, Inc. $15.00 (soft cover). 
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ITEMS 





Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
_nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C. V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146. 


Silver Anniversary Symposium on Critical Care Med- 


icine, March 23-26, 1987, Caesars Palace Ho- 
tel, Las Vegas, Nevada. Presented by the Uni- 
versity of Southern California School of Med- 
icine, The University of Health Sciences/The 
Chicago Medical School, and The Institute of 
Critical Care Medicine. For information con- 
tact: Associate Dean, USC School of Medicine, 
Postgraduate Division, 1975 Zonal Ave., KAM 
307, Los Angeles, CA 90033. Tel.: (213) 224- 
7051 or (800) 421-6729 (outside California) or 
(800) 321-1929 (within California). 


Obstetrical Anesthesia: 1987, March 19-22, 1987, Ho- 


tel Meridien, San Francisco, California. Spon- 
sored by the University of California, San 
Francisco, Department of Anesthesia. For fur- 
ther information contact: Anesthesia Research 
Foundation Registration Office, Attention: 
Mark A. Rosen, M.D., University of California, 
San Francisco, C-450, San Francisco, CA 
94143-0648. Tel.: (415) 476-2273, 


Intrauterine Diagnosis and Treatment: A New Fron- 


tier, April 2-4, 1987, Hotel Inter-Continental, 
San Diego, California. AMA/CMA accredita- 
tion: up to 19.5; ACOG and American Acad- 
emy of Pediatrics, pending. Contact: Office of 
Continuing Medical Education, M-017, UC 
San Diego School of Medicine, La Jolla, CA 
92093. Tel.: (619) 534-3940 or (619) 452-3940. 


Current Concepts in Obstetrics and Gynecology Fo- 


cusing on Endometriosis, March 27-28, 1987, 
Inn on the Park, Four Riverway, Houston, 
Texas. Presented by Baylor College of Medi- 
cine, Department of Obstetrics and Gynecol- 
ogy. For information contact: Lila K. Lerner, 
Program Coordinator, The Office of Contin- 
uing Education, Baylor College of Medicine, 
One Baylor Plaza, Houston TX 77030. Tel.: 
(713) 799-6020. 


High-Risk Obstetrics, April 2-4, 1987, Chicago, Illi- 
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nois. Sponsored by the Cook County Graduate 
School of Medicine. For additional informa- 
tion contact the Registrar’s Office. Toll-free 
number: Illinois 1 (800) 621-4649, outside H- 
linois 1 (800) 621-4651. 


XIIth Latin American Congress of Obstetrics and Gy- 


necology, October 25-30, 1987, Camino Real 
Hotel, Guatemala City, Central America. For 
further information please contact: Dr. Carlos 
Raul Juarez, Secretary Organizing Commit- 
tee, 7a. Ave. 6-53, Zona 4, Edificio El Trian- 
gulo, Local 48, 2°nivel, P. O. Box 2967, Gua- 
temala City, Central America. 


Annual Scientific Program and Postgraduate Courses, 


May 6-10, 1987, the Americana Canyon Hotel, 
Palm Springs, California. Sponsored by the 
Pacific Coast Fertility Society. For information 
contact: Pacific Coast Fertility Society, 5820 
Wilshire Blvd., #500, Los Angeles, CA 90036. 
Tel.: (213) 937-5514. 


2nd Heidelberg International Symposium on New 


Aspects in Female Contraception—Update 
and Trends, under the patronage of the VIII 
World Congress of Sexology, June 13-16, 
1987, Heidelberg, West Germany. President: 
Prof. Benno Runnebaum, M.D. For further 
information contact the Organizing Secretar- 
iat: Thomas Rabe, M.D., or Ludwig Kiesel, 
M.D., Universitats-Frauenklinik, VoBstr. 9, D- 
6900 Heidelberg, West Germany. Tel.: 62 21/ 
56 50 72. 


II Panamerican Symposium on Perinatal Medicine, 


Hotel Miramar, Viña del Mar, Chile, April 
8-11, 1987. For further information contact: 
Organización TRES Ltda., Ms. Marcela Tor- 
res, Casilla 16522, Correo 9, Santiago, Chile. 
Telex: 340436 PB VTR CL Tres Ltda. Tel.: 
2319103-2518211. 


Contemporary Obstetrics and Neonatology: Partners 


in Prematurity, February 25-27, 1987, Dou- 
bletree Hotel, Orange, California. Sponsored 
by the University of California, Irvine, College 
of Medicine, Division of Neonatal/Perinatal 
Medicine. For further information contact: 
Mari Jo Craft, RNC, Program Director, Uni- 
versity of California, Irvine, Medical Center, 
101 City Dr., Route 81, Orange, CA 92668. 
Tel.: (714) 634-6162. 


PERINATOLOGIST 
Denver, Colorado 


Rose Medical Center, Denver, Colorado, is seeking 
a BE/BC perinatologist to work full-time in a 400- 
bed private community hospital adjacent to the 
University of Colorado Health Sciences Center. 
With 3600 deliveries per year, and thirty-six Univer- 
sity residents rotating through the department an- 
nually, Rose is the major private teaching affiliate of 
the University. 


Responsibilities would include private consulta- 
tion, physician, resident, and nursing education, 
clinical research, and a limited private practice in 
perinatology. This individual can expect frequent 
interaction with the Maternal/Fetal Medicine divi- 
sion at the University of Colorado and would be 
eligible for an appropriate clinical appointment at 
the University. 


A competitive salary guarantee is being offered with 
excellent fringe benefits including malpractice in- 
surance. 


Qualified applicants, including individuals complet- 
ing fellowship in June, 1987 should forward CV's 
to: Robert E. Wall, M.D. 
Chairman, Department of OB/GYN 
Rose Medical Center 
4567 E. Ninth Avenue 
Denver, Colorado 80220 



























COMMUNITY HEALTH CENTER 
Westchester County, New York 


Seeking OB/GYN specialist due to ex- 
pansion of services of established Com- 
munity Health Center located 30 miles 
north of New York City. Board certified or 
eligible. Beautiful facility, excellent hospi- 
tal affiliations, good benefits, including 
malpractice insurance. Full-time or Part- 
time beginning early 1987. Salaried. 
Spanish language helpful. Equal Oppor- 
tunity Employer. 


Submit C.V. to 


K. Thompson 
Administration 
6 Furnace Street 
Cold Spring, NY 10516 










Subspecialist 
Positions 


REPRODUCTIVE 
ENDOCRINOLOGIST 


Pennsylvania Hospital seeks Board Certified or eli- 
gible specialist with fellowship training in reproduc- 
tive endocrinology and infertility. Responsibilities 
include participation in IVF program, resident and 
medical student education and active clinical prac- 
tice. Appointment is at the Assistant Professor 
level. Previous experience in academic medicine is 
desirable. 


Pennsylvania Hospital is an affiliate of the Univer- 
sity of Pennsylvania and is an Affirmative Action 
Equal Opportunity Employer. 


interested candidates should send curriculum vitae 
to: 


Esther Eisenberg, M.D. 
Department of Obstetrics and Gynecology 





615-bed tertiary care facility is seeking several 
board eligible or board certified subspecialists 
for the following areas within an expanding 
Department of Obstetrics and Gynecology. 


è Maternal/Fetal Medicine 
Two new positions available in our estab- 
lished division of Maternal/Fetal Medicine. 
Ultrasound experience desirable. 


® Reproductive Endocrinology 
An exceptional growth opportunity is 
available for a physician to direct this new 
division. 


These positions offer excellent opportunities 
for professional development to qualified 
physicians interested in subspecialty practice, 
resident training, and research/faculty status 
in a large university affiliated hospital. 


Please submit your Curriculum 
Vitae or contact Dr. David B. 

















Pennsylvania Hospital 
Eighth and Spruce Streets 
Philadelphia, PA 19107 


Schwartz, Chairman, Depart- 
SINAI ment of Obstetrics and 
Ann Gynecology, Sinai Hospital of 


HOSPTTAL Detroit, 6767 W. Outer Drive, 
OF DETROIT Detroit, MI 48235, or call (313) 


493-5220. 












POSITIONS AVAILABLE 
BOARD ELIGIBLE, BOARD CERTIFIED 


OBSTETRICIANS/GYNECOLOGISTS 


FOR PERMANENT POSITIONS 
IN MID AND SOUTH FLORIDA 


SOME DIRECTORSHIP RESPONSIBILITIES 
AVAILABLE 


MATERNAL-FETAL MEDICINE 
(Board eligible or Certified) 


600 Bed University-affiliated Level Ill Hospital 
with 3,000 deliveries/year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB/GYN 
residency program has immediate opening for 
a full-time position in perinatology. Duties to 
include residency teaching, maternal transfer 
care, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- 
lent public school system, housing, and Lake 
St. Clair in very close proximity. 
CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 


CONTACT: 

Harvey Gardy, M.D., FAC.OG. 

Broward General Medical Center 

1600 South Andrews Avenue, Room 319 West 
Ft. Lauderdale, FL 33316 

305-463-4368 


OR: 

Steven Scott, M.D., FAC.O.G. 
PO. Box 3079 

Durham, NC 27705 


919-383-0355 


SUNLIFE 
OB/GYN 
o SERVICES, INC. 





GYNECOLOGIC 
ONCOLOGIST 


The Allentown Hospital, with the 5th largest obstet- 


Full Time 
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UNIVERSITY 


SN 


Faculty Position 
Maternal-Fetal Medicine 


The department of OB/GYN at Temple University 
Health Science Center is seeking a Board Cer- 
tified/Board Eligible Perinatologist. Clinical and 
academic activities are integrated in a depart- 
ment providing tertiary services, including 
genetic counseling. Newly opened Temple 
University Hospital houses a modern Labor & 
Delivery suite and large Neonatal Intensive Care 
unit. Approved Fellowship program. Candidates 
should have an active interest in Research, 
Clinical Practice, and Resident and Medical stu- 
dent education. Salary and academic rank com- 
mensurate with experience. Opportunity for 


- qualified person to become Section Chief. Sub- 


mit CN. to: 
P. Hanjani, M.D., Professor, OB/GYN 


Temple University 
Health Science Center 
3401 N. Broad St. 
Philadelphia, PA 19140 


An equal opportunity, 
affirmative action employer 


rical service in Pennsylvania, is actively seeking a 
board certified or board eligible gynecologic on- 
cologist for private practice and to provide leader- 
ship and medical education in gynecologic oncol- 
ogy. 

The Hospital, e comsonent of the HealthEast Sys- 
tem, is located in the very desirable Lehigh Valley, 
in close proximity to all major East Coast cities, It 
sponsors a fully accredited OB/GYN residency pro- 
gram and has a major medical school affiliation. 
The Hospital co-sponsors a Comprehensive Com- 
munity Cancer Center and offers a special interest 
gynecology group from multi-disciplinary spe- 
cialties. There are no Board certified or Board eligi- 
ble gynecologic oncologists in the Lehigh Valley, 
and the position provides a superb opportunity to 
establish a subspecialty practice and be integratly 
involved in a major regional teaching program. 


Submit C.V. in complete confidence to: 


Sze-ya Yeh, M.D. 
Chairman, Department of Obstetrics/Gynecology 
The Allentown Hospital 
17th & Chew Streets 
Allentown, Pennsylvania 18102 
(215) 778-2412 


OBSTETRICIAN 
GYNECOLOGIST 


Position available with The Permanente 
Medical Group, Inc., San Jose, California. 
Sixteen member OB/GYN Department 
seeking Board Certified/Eligible physi- 
cians for immediate openings. Excellent 
professional environment, competitive 
salary, outstanding beneftts. Located in 
the San Francisco Bay Area, with superb 
educational, cultural and recreational ac- 
tivities. 
Contact: 
Jerome L. Nehemiah, M.D., Chief 
Department of OB/GYN 
The Permanente Medical Group, Inc. 
260 International Circle 
oan Jose, CA 95119 


OBSTETRICIAN/ 
GYNECOLOGIST 


Board eligible or board certified 
obstetrician / gynecologist sought to 
join an established two-physician 
practice. Excellent opportunity in a 
progressive, appealing community, 
one hour south of Atlanta. Competitive 
salary and benefits. Recreational 
facilities in area include hunting, fish- 
ing, boating, water skiing, golf, tennis, 
and skeet. Excellent hospital facilities, 
schools, and housing. 


Submit cirriculum vitae and references 
to: 
OB/GYN 
P. O. Box 486 
LaGrange, GA 30241 





ASSISTANT PROFESSOR 


(tenure earning) 


Department of Obstetrics and Gynecology, 
Division of Maternal and Fetal Medicine. 
Board Certified or Board Eligible Ma- 
ternal and Fetal Medicine subspecialist. 
Large volume indigent and referral obste- 
trical service with a major 4-year resi- 
dency program. Primary responsibilities 
in teaching, service and research. Compe- 
titive salary and fringe benefits commen- 
surate with experience. 


Deadline for applications: 
January 31, 1987 


‘Contact: 


Mr. Robert H. McCorkle 
Executive Administrator 
Department of Ob/Gyn 
UAB 
University Station 
Birmingham, Ala. 35294 


An Affirmative Action/Equal Opportunity Employer 





ASSISTANT DIRECTOR 
OB/GYN SECTION 
FAMILY PRACTICE RESIDENCY 
UNIVERSITY OF MASSACHUSETTS 
LOWELL GENERAL HOSPITAL 


The University of Massachusetts and its affiliated 
obstetrical section in Lowell, Massachusetts is re- 
cruiting for a full-time Assistant Director. This sec- 
tion includes a large obstetrical clinic, a smaller 
GYN component, and training in high risk and nor- 
mal obstetrics for Family Practice residents and 
fellows. There is a strong affiliation with the Univer- 
sity of Massachusetts Medical School in Worches- 
ter, located 45 minutes from Lowell. 


Qualified applicants should be board certified/ 
board eligible in Family Practice or in Obstetrics and 
Gynecology. Salary and benefits are through the 
University and will be commensurate with previous 
training, skills, and level of appointment. 


Applicants should submit letters of inquiry and/or 
CV to: 


stanley Warner, M.D. 
Director for Obstetrical Training 
Lowell General Hospital 
295 Varnum Avenue 
Lowell, MA 01845 
(617) 937-6396 


An equal opportunity employer 












CONFIDENTIAL APPLICATIONS 
ARE NOW BEING CONSIDERED FOR A 


DIRECTOR OF MEDICAL EDUCATION, 
DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 










St. John’s Mercy Medical Center, in St. Louis, MO. is accepting 
applications for an experienced academician/administrator to assume 
major responsibility for the four-year, fully-accredited residency pro- 
gram in Obstetrics and Gynecology as well as physician and nursing 
continuing medical education. This position will report to James G. 
Blythe, M.D., Chairman of the Department of Obstetrics and 
Gynecology. 









Candidates for this position will: 





@ be board certified by the American Board of Obstetrics 
and Gynecology; 





@ have proven abilities in administration and teaching as 
well as excellent clinical skills; 





© practice at an 859 bed facility with an obstetrical service 
delivering approximately 6,000 babies annually; 





@ enjoy an attractive compensation and benefit package as 
well as medical school affiliation and a private practice 
component. 






For additional information, call or write in confidence: 





Phil Gilbert, Administration 
St. John’s Mercy Medical Center 
615 South New Ballas Road 
St. Louis, MO 63141 
314-569-6116 















PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


. Constructed of durable, reinforced binder‘'s board 
covered in a rich simulated leather, each is designed to 
hold an entire year’s issues. The Journal name is 
stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.5.A.). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Cub, call toll-Free: 
1-800-972-5858. 























Please send me library cases for 


AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


at $7.95 each: 3 for $21.95; å far $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A}. 


Name 








{please print legibly or type} 






{no PO. boxes, please) Jesse Jones Industries 


Address 
City/State/Zip 499 East Erle Avenue 
Philadelphia, PA 19134 


PA residents add 6% sales tax Department Code: Mosby 















The Latest News in Obstetrics and 
Gynecology... 







New! 
‘LAPAROSCOPIC COMPLICATIONS: 
Prevention and Management 


By Max Borten, M.D. 

Written by a recognized authority, this book gives you first- 
hand knowledge on both medical and surgical management 
of laparoscopic complications. From indications and 
contraindications, it guides you through detailed discussions 
of failures of procedure and equipment, to the medicolegal 
aspects of both the procedure and its complications. 
Intraoperative slides and line drawings fully illustrate the text. 
Once you see it, you won't let it go! Order your copy today! 
1986. 464 pages. (D-0723-X) Mosby distributes this B.C. 
Decker, Inc. publication. About $79.50 

OUTLINE OF CONTENTS: INTRODUCTION: Instrumentation, Tech- 


nique, Diagnostic incications for Laparoscopy, Operative Indications for 
Laparoscopy, Laparoscopic Sterilization, Contraindications to Laparoscopy, 
Nongynecologic indications fo- Laparoscopy, Choice of Anesthesia, Circulatory 
Changes, Respiratory Changes, Postoperative Recovery COMPLICATIONS: 
Equipment Failure. Procedural Failure, Complications of Anesthesia, Complica- 
tions of Pneumoperitoneum, Complications of Trocar insertion, Vascular Injuries, 
intestinal Tract Injuries, Urinary Tract injuries, Tegumentary Injuries, Complications 
due to infection, Complications of Sterilization, Electrical Complications, 
Postoperative Complications, !Aedicolegal Aspects of Laparoscopy APPENDIX: 
Translapa-oscopic Photography 
day, 7 days a week. mus Ll 
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FREE for 30 days! Please send me ... copies of: 
Borten, LAPAROSCOPIC COMPLICATIONS: Prevention 
and Management (D-0723-X) About $79.50 

Please print or type. 

(1 Bill me, plus shipping charges C] Payment enclosed 

Q MasterCard O VISA 



























Save time, call FREE 1-800-345-8500, 
ext. 15. Our hotline is open 24 hours a 








Card # Exp. date 2 
Name trst, midd o, last) 

Address 
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Bus. phone - - Specialty 








To properly process purchase orders and for more personal service, mail this coupon to: 
Dennis Carson, The OM. Mosby Ccmpany, 11830 Westline Industrial Dr., St. Louis, MO 63146. 
30 day approval good in U.S. and Canada. PRICES SLIGHTLY HIGHER OUTSIDE U.S. Outside 
U.S. and Canada, please pay by check or monsy order in dollar equivalent. ALL PRICES SUB- 


JECT TO CHANGE, Add applicable sales tax. AMS-93 8-031-03 
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Here’s what 
MOSBY’S 
BOUND 
VOLUMES 
can add to 
your practice! 


ma 


MOSBY 


TIMES MIRROR 


Handsomely bound in durable buckram with rich 


gold stamping, bound journal reference volumes are 


important to every successful practice. 


e gives quick and easy access to important journal 
articles 
e eliminates problems with missing issues or pages 


e makes your regular subscription a “working” copy 


to mark up, tear from, or file 
e offers an inexpensive and easy way to guarantee 


bound reference volumes—prices include shipping 


You Must Order Now! 

Bound volumes are made up from over-run copies 
of each journal issue. You never worry about 
sending out your personal copies. But over-run 
quantities are limited. We need your order todav! 
Bound volumes are only available to current 
subscribers and may not be ordered in place of a 
regular journal subscription. Payment must 
accompany your order. 


Credit Card Orders In The U.S. Call FREE: 
1-800-325-4177, ext. 351 
(In Missouri, call collect: (314) 872-8370, ext. 351) 


YES! Send me the 1987 bound 
volumes of: 


[] AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


Jan.-June, 1987 (Vol. 156, No. 1-6) 
July-Dec., 1987 (Vol. 157, No. 1-6) 


Total 1987 Price, Two Volume Set 
USA International 
$51.00 $74.00 


All orders must include payment. Bound 
volumes are non-returnable. 


My check for $ 
L] VISA 
Card No. 
Exp. date 


O MasterCard 


Name 
Address 


{Please Print) 


City 

Staten D 

Clip and return coupon to: The C.V. 
Mosby Company, Attn: Bound Volumes, 


11830 Westline Industrial Dr., St. Louis, 
MO 63146. Outside the U.S. please pay 


by check drawn on a U.S. bank in U.S. ` 
ABS-227 


dollars or use credit card. 


is enclosed. 
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TRADEMARK 


(norethindrone/ethinyl estradiol) 


Each white tablet contains 0.5 me norethindrone and 0 035 mg ethinyl estradiol. Each tight peach tablet contains 0.75 mg 
norethindrone and 0.035 mg ezhiny! estradiol. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethiny! 
estradiol. Each green tablet in 26-day regimen contains inert ingredients 


HAPORTANT NOTE—This information is a BRIEF SUMMARY af the complete intormation provided with the 
product and therefore should set be used as the basis for pres the product. summary was by 
deleting trom the complete prescribing information certain text, t and references. The physician k be 
thoroughly familiar with the complete prescribing information belore prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY, 
OOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
association between the dose o? estrogens in oral contraceptives and the risk of thromboembolism. For this reason, its 
prudent and in keeping with good principles of therapeutics to minimize exposure to estrogen. The oral contraceptive 
product prescribed for any given patient shouid be that product which contains the least amount of estrogen that :s 
compatible with an acceptable pregnancy rate and patient acceptance. it is recommended that new acceptors of oral 
contraceptives be started on preparations containing 05 mg or less of estrogen. 
CONTRAINDIC ; Oral contraceptives should not be used in women with any of the following conditions: 1 
Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic 
disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or 
suspected estrogen-dependent neoplasia. 6. Undiagnosed, abnormai genital bleeding. 7. Ora! contraceptive tablets may 
| cause fetai harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in women who 
i are pregnant. If the patient becomes pregnant while taking this drug, the patient should be apprised ot the potential hazard 
i to the fetus (see WARNINGS. No 5). B. Benign or malignant liver tumor which developed during the use of orai 
: Contraceptives or other estragen- containing products. 


WARNINGS 















baretie smoking increases the risk of serious cardiovascular cide effects from oral contr: use. This risk 
pelea padi ata lial TT (O E MT } and is quite marked in women over 35 
of age. Women whe use oral contrac should song 2 not fo smoke. 
use of orai ig associated with increased of several serious conditions iactuding 
thromboambolism, stroke, myocardial infarction, tic adenoma, galibtadder disease, h ion. Practi- 
tioners prescribing orai contraceptives should be familiar with the following information relating to these risks. 





1, THROMBOEMBOLIC DISGRDERS AND OTHER VASCULAR PROBLEMS. An increased nisk of thromboembolic ang 
thrombotic disease associated with the use of orat contraceptives is well established. Four principal studies in Great 
Britain and three in the Unded States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism 
and stroke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 1 times 
more likely than nonusers tc develop these diseases without evident cause. Overall excess mortatity due to pulmonary 
embolism or stroke ts on the order of 10 to 3.5 deaths annually per 100.000 users and increases with age. 
CEREBROVASCULAR DISORDERS: in a collaborative American study of cerebrovascular disorders in women with and 
without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in 
nonusers and the risk of thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. A prospective study 
conducted in Great Britain estimated that former users have a tisk for all cerebrovascular disease 2.6 times greater than 
that of nonusers. This nsk remained elevated for at jeast six years after last oral contraceptive use. A prospective study 
conducted in the United States found that past use of ora! contraceptives was associated with increased sk of 
subarachnoid hemorrhage. the relative risk being 5.3. There was also some evidence trom this study that the degree of risk 
may be related to duration of orai contraceptive use. MYOCARDIAL INFARCTION: An increased risk of myocardial 
infarchon associated with the use of ofa contraceptives has been reported confirming a previously suspected 
association. These studies. conducted m the United Kingdom. found, as expected, that the greater the number of 
aati risk factors for coronary artery disease icegarette smoking. hypertension, hypercholesteroiemia, obesity, 
diabetes, history of preeclamiptic toxemia), the higher the risk of developing myocardial infarchon, regardiess of whether 
the patient was an orai contraceptive user cr not. Grail contraceptives, however, were found to be a clear additional risk 
factor, The annual excess case rate (increased rsk} of myocardial infarction (fatal and nonfatal) in oral contraceptive 
users was estimated to be approximately 7 cases per 100.000 women users in the 30-39 age group and 67 cases per 
100.000 women users in the 40-44 age group. in terms of relative risk, it has been estimated that crai contraceptive users 
who do not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as 
tikely to have a fatal myocardial infarction as nonusers who do not smoke. Orai contraceptive users who are also smokers 
have about a 5-fold increased tisk of fatal -nfarctton compared to users who do not smoke, but about a 10- to 12-fold 
increased risk compared ta nonusers who do not smoke. Furthermore, the amount of smoking is also an important factor. 
in determining the importance of these relative rsks, however, the baseline rates tor various age groups must be given 
serious consideration. The importance of other predisposing conditions mentioned abeve in Getermining reiative and 
absolute risks has not as yet been quantified: tis quite hkely that the same synergistic action exists, but perhaps to a 
lesser extent. A study suggests that some increased risk of myocardial infarction in oral contraceptive users persists 
following discontinuation of oral contraceptives and that the degree of the residual nsk is related to the duration of the 
past use. Risk of Dose: in an analysis of data derived from several national adverse reaction reporting systems. British 
investigators concluded that the risk of thromboembolism including coronar y thrombosis is directly related to the dase of 
estrogen used in orai contraceptives, Preparations containing 106 meg or more of estrogen were associated with a mgher 
risk of thromboembousm than those containing 50-80 meg of estrogen. Their analysis did suggest. however, that the 
quantity of estrogen may not be the sole factor involved. This finding has been confwmed in the United States. Careful 
epidemiological Studies to determine the degree of thromboembolic nsk associated with progestagen-only oral 
contraceptives have not been performed. Gases of thromboembolic disease have been reported in women using these 
products. and they should not be presumed to be free of excess risk. The nisk of thromboembolic and thrombotic 
disorders, m Doth users ard nonusers of oral contraceptives, increases with age. Oral contraceptives are, however, an 
independent risk factor for these events ESTIMATE DF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A iarge 
prospective study carriec out in the United Kingdom estimated the mortaity rate per 100,000 women per year from 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking habits. and 
duration of use. The overall excess death rate annually trom circulatory diseases tor oral contraceptive users was 
estimated to be 20 per 100.000 (ages 15-34—5, 100.000: ages 35-44 -—33/ 100,000; ages 45-49 140/ 100,000), the nsk 
being concentrated in olcer women, io those with a long duration of use, and in cigarette smokers. It was not possible, 
however, to exarnine the mterreiationships of age. smoking, and duration of use, nor to compare the effects of continuous 
versus intermittent use. Although the study showed a 10-foid increase in death due to circulatory diseases in users for 
five or more years. all of these deaths occurred in women 35 or cider. Until larger numbers of women under 35 with 
continuous use for five oF more years are avaiable, it is not possible to assess the magnitude of the relative risk for this 
. younger age group. This study reports thal the mereased nsk of cuculatory disease mortality may persist after the pill is 
discontinued. Another study published at the same time confirms a previously reported increase of mortality in pili users 
from cardiovascular disease. The study concluded that the mortality associated with all methods of birth control is low 
and below that associated with chidbirth, with the exception of oral contraceptives in women over 40 who smoke. (The 
rates given for piff only/smokers for eacn age group are for smokers as a class. For “heavy” smokers Lari than 15 
cigarettes a day}, the rates given would be about double: for “light” smokers {less than 15 cigarettes a day}. about 50 
percent.) The mortality associated with oral contraceptive use in nonsmokers over 401s higher than with any other 
method of contracephor n that age groug. The lowest mortality is associated with the condom or diaphragrn backed up 
by early abortion. The msk of thramboembohe and thrombotic disease associated with orai contraceptives increases with 
age after approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterole- 
mia, obesity, diabetes. ar history of preeclamotic toxemia and especially by cigarette smoking. The risk of myocardial 
infarction in oral contraceptive users 1s substantially increased in women age 40 and over, especially those with other risk 
factors. The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic 
disorders feg. thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
immediately. A four- to sax-foid increased risk of postsurgery thromboembolic complications has been reported in oral 
contraceptive users. |f feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
associated with an increased risk of thromboembolism or protonged immobilization. 2. OCULAR LESIONS here have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use of ora! 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, par tia! or complete 
loss of vision, onset of proptosis or diplopia, papiiledema_ or retinal vascular lesions and institute appropriate diagnostic 
and therapeutic measures. 3. CARCINOMA Long-term continuous administration of either natural or synthetic estrogen 
in certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
progestogens, none currently contained in oral contraceptives, nave Deen noted to increase the incidence of mammary 
nodules, bemgn and mahgnant, in cots. in humans, three case control studies have reported an increased risk of 
endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women. One 
publication reported on the first 2t cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
for adenocarcinoma ct the endometrum (e.g. iregular bleeding at the time oral contraceptives were first given. 
polycystic ovaries}, nearly all occurred in women who had used a sequential oral contraceptive. These products are no 
longer marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
conventional combination or progestogen-only oral contraceptives. Several studies have found no increases in breast 
Cancer in women taking oral contraceptives of estrogens. One study, however, while also noting no overall increased risk 
of breast cancer in women treated with oral contraceptives. found an excess risk in the subgroups of oral contraceptive 
users with documented benign breast disease. A reduced occurrence of benign breast tumors in users of ora! 
contraceptives has been well-documented. is summary, there is at present no confirmed evidence from human studies of 
an increased nSk of Cancer associated with oral contraceptives. Close clinical surveillance of ali women taking oral 
contraceptives :5, nevertheless, essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding. 
appropriate diagnostic measures shoud be taken to rule out malignancy. Women with a strong family history of breas? 
cancer of who have breast nodules. fibrocystic disease or abnormal mammograms should be monitored with particular 
care if they elect to use oral contraceotives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
hepatic adenomas have been found to be associated with the use of oral contraceptives. One study showed that orai 
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contraceptive formulations with high hormonal potency were associated with a higher nisk thar iower potency 
tormutations and use of oral contraceptives with gn hormonal potency and age over 30 years may further increase the 

woman's nsk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of oral contraceptives. Two 
studies relate risk with duration of use of the contraceptive, the risk being much greater after four or more years of oral 
contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain 
and tenderness. abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women takin 
oral contraceptives. The relationship of these drugs to this type of malignancy is not known at tus ime 5. USE INO 
IMMEDIATELY PRECEDING PREGNANCY. BIRTH DEFECTS IN OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING 
The use of temale sex hormones—both estrogenic and progestational agents—dunng early pregnancy may seriously 
damage the offspring. thas been shown that females exposed in utero to diethyistilbestroj, a nonsterowal estrogen, have 
an increased risk of developing in later ife a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk 
has been estimated to be on the order of tto 4in 1000 exposures. Although there is no evidence at the present ime that 
ofa’ contraceptives further enhance the risk of developing this type of malignancy. such patients should be monitored 
with particular care if they elect to use oral contraceptives instead of other methods of contraception. Furthermore. a mgh 
percentage of such exposed women (from 30 to 90%} have been found to have epithelia’ changes of the vagina and cervix. 
Although these changes are histologically benign, it is not known whether this condition is a precursor of vaginal 
maiignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are nol 
available with the use of other estrogens, it cannot be presumed that they wouid not induce similar changes. An increased 
risk of congenital anomalies, including heart defects and limb defects, has been reported with the use ot sex hormones, 
mciuding orai contraceptives. in pregnancy. One case control study has estimated a 47-fold increase in risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal withdrawal fests for 
pregnancy or attempted treatment for threatened abortion). Some of these exaosures were very short and invaived only a 
few days of treatment. The data suggest that the risk of limb-reduction detects in exposed fetuses is somewhat less than 
one in 1000 tive births. In the past. female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlled studies that progestogens are effective for these uses. There is some evidence 
that triploidy and possibly other types of polyploidy are increased among abor tuses from womens who become pregnant 
soon after ceasing oral contraceptives. Embryos with these anomalies are vittually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping oral 
contraceptives is unknown. Itis recommended that for any patient who has Tussed two consecutive periods. pregnancy 
should be ruled out before continuing the contraceptive regimen. if the patien: has not adhered to the prescribed schedule, 
the possibility of pregnancy should be considered at the tme of the first missed penod (or after 45 days from the last 
menstrual period if the progestogen-only oral contraceptives are used), and further use of oral contraceptives should be 
withheld unti pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy shouid be discussed in the light of these nsks. Ris 
aso recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an 
aternate form of contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months although no precise information is available on which to base this recommendation. The admunistration of 
progestogen-only of en ges combinations to induce withdrawal bleeding should not be used as a test of 
pregnancy. 6. GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed galibiadder disease in 
users of oral contraceptives and estrogens. in one study, an increased tisk appeared after two years of use and doubled 
after four or five years of use. in one of the other studies, an increased risk was apparent between six and twelve months 
of use. 7. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been observed in a 
significant percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patents should be 
carefully observed while receiving oral contraceptives. An increase in tnglycendes and totai phosphonpeds has been 
observed in patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8. 
ELEVATED BLOOD PRESSURE. An increase in blocd pressure has been reported im patients rece:ving aval contraceptives. 
in some women hypertension may occur within a few months of beginning oral contraceptive use. in the first year of use, 
the prevalence of women with hypertension 1S low in users and may be 70 higher than that of a comparable group of 
sonusers. The prevalence in users increases, however, with longer expasura, and in the fifth year of use s two and a halt to 
three times the reported prevalence in the first year. Age is also strongly co’related with the development of hypertension 
iN oral contraceptive users. Women who previously have had hypertension during pregnancy may be more likely te 
deveicp elevation of blood pressure when given oral contraceptives. Hypertension that develops as a resuil of taking oral 
contraceptives usually returns to normal after discontinuing the drug. 9. HEADACHE. The onset or exacerbation of 
migraine or development of headache of a new pattern whichis recurrent, persistent, or severe, requires discontinuation 
of oral contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons far patients discontinuing oral contraceptives, in breakthrough bleeding, as in all cases 
of irregular bleeding from the vagina. nonfunctiona! causes shouid be borne in mind. in undiagnosed persistent or 
recurrent abnormal bleeding from the vagina. adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. if pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an oral contraceptive with a higher estrogen content, while potentially useful in minimizing menstrual erequiartty, should 
be dane only if necessary since this may increase the risk of thromboembolic disease. Women with a past histary of 
oligomenorrhea or secondary amenorrhea of young women without regular cycles may have a tendency to remain 
anovulatory or to become amenorrheic after discontinuation of orai contraceptives, Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, 
possibly prolonged, may also occur in women without previous wreguiarties. 11. ECTOPIC PREGNANCY: Ectopic as weli 
as intrauterine pregnancy may occur in contraceptive failures, 12. BREAST FEEDING, Oral contraceptives given in the 
postpartum penod may interfere with lactation. There may be a decrease in the quantity and quality of the breast milk. 
Furthermore, a smali fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. The effects. if any, on the breast-fed chid have not been determined. if feasible, the use of oral 
contraceptives should be deferred unti the infant has been weaned. > Generai: 1. A complete medical and 
family history should be taken prior to the indiation of orai contraceptives. The pretreatment and penodic physica! 
examinations should include specia! reference to blood pressure. breasts. abdomen and pelvic organs. including 
Papamicolacu smear and relevant laboratory tests. As a general rule, oral contraceptives should not be prescribed for 
longer than one year without another physical examination being performed. Z. Under the influence of estrogen-proges- 
togen preparations, preexisting uterine leiomyomata may increase in size. 3. Patients with a history of asyctuc depression 
should be carefully observed and the drug discontinued it depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom is drug-related. 4. Oral contraceptives may cause some 
degree of fluid retention. They should be prescribed with caution. and only with careful monitoring, in patents with 
conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma. or 
cardiac or renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice while receiving oral contraceptive therapy. if jaundice develops in any patent recerving such drugs, 
the medication should be discontinued. 6. Steroid hormones may be poorly metabolized in patents with impaired liver 
function and should be admumstered with caubon in such patients. 7 Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance of this is yet 
to be determined. 8. Serum folate levels may de depressed by oral contraceptive therapy. Since the pregnant woman is 
predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing 
gestation, it :s possible that if a woman becomes pregnant shortly after stopping oral contraceptives. she may have a 
greater chance of developing folate deficiency and complications attributed to this deficiancy. 9. The pathologist shouid 
be advised of ora! contraceptive therapy when relevant specimens are submitted. 10. Certan endocrine and hver function 
tests and bood components may be affected by estrogen-contaming oral contraceptives: a. increased sulfobromo- 
ohthalein retention. b. increased prothrombin and factors Vi, VHL X, and X. decreased antithrambin 3: increased 
norepinephrine-nduced platelet aggregabuity. c increased thyroxd-binding globulin (TBG) leading to increased circulat- 
ing tata! thyroid hormone, as measured by protem-bound iodine (PBI), 14 by column. or T4 by radioimmunoassay. Free T3 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Gecreased pregnanedio! 
excretion. e Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See Patient Package et 
DRUG INTERACTIONS: Reduced efficacy and increased incidence of break through bleeding have been associated wit 
concomitant use of nifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin 
sodium, ampicifin, griseofulvin, and tetracycline. CARCINOGENESIS, PREGNANCY, NURSING MOTHERS: - 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increased risk of the following serious adverse reactions 
has been associated with the use of ora! contraceptives (see WARNINGS) Thrombaphiebitis. Pulmonary embolism. 
Coronary thrombosis. Cerebral thrombosis Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. 
Congenital anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, e additional confirmatory studies are needed: Mesenteric thrombosis. Neuro-ocuiar lesions. e.g., 
retna! thrombosis and optic neuritis. The following adverse reactions have been reported in patients recerving oral 
contraceptives and are believed to be drug-related: Nausea. pong the most common adversa reaction. Vomiting, occurs 
in approximately 10% of tess of patients during the first cycle. Other reactions. as a genera! ruis, are seen much jess 
frequently or only occasionally. Gastromntestinal symptoms (Such as abdominal cramps and bloating}. Breakthrough 
bleeding. Spotting Change in menstrual fow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary 
imertiity after discontinuance of treatment. Edema. Chloasma cr melasma which may persist. Breast changes: 
tenderness, enlargement, and secretion. Change in weight (increase cr decrease). Change in cervical erosion and cervical 
secretion. Possible diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. Increase 
im size of uterine leiomyomata. Rash {allergic). Mentai depression. Reduced tolerance to carbohydrates. Vaginal. 
candidiasis. Change in corneal curvature (steepening). Intolerance to contact lenses The following adverse reactions 
have been reported in users of orai contraceptives, and the association has been neither confirmed nor refuted - 
Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite. Cysiitis-like syndrome. 
Headache Nervousness. Oizziness. Hirsutism. Loss of scaip har. Erythema multiforme. Erythema nodosum. Heme: 
rhagic eruption. Vaginitis. Porphyria. impased renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ii 
effects have not been reported following acute ingestion of large doses of oral contraceptves By young children. 
Overdosage may cause nausea, and wahdrawai bleeding may occur in females. A 
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UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 
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(NORETHINDRONE AND ETHINYL ESTRADIOU TABLETS 


-TRENORINYL 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
: -Of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 

- blue tablets of norethindrone 0.5 mg with ethiny! estradio! 


tana 

TRI-NORINYL’ 28-Day Tablets (7 blue tablets of norethin- 

drone 0.5 mg with ethinyl estradio! 0.035 mg, 9 green tablets 

of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 

blue tablets of norethindrone 0.5 mg with ethiny! estradiol 

0.035 mg; 7 inert tablets) 

ORAL CONTRACEPTIVE (0.C.) AGENTS 

indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM.- 
SOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism, it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or iess af estrogen. 

Contraindications f. Known or suspected pregnancy isee Warning #5}. 2. 
Thrombophiebitis or thromboembolic disorders. 3, Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal genital 





bleeding. 5. OCs should not be used by women who have or have had any of the 

ng: a. cerebral vascular or coronary artery disease. including myocardial 
infarction. b. ap or suspected r the e e known or no 
pected estrogen dependent neoplasia, d. benign or malignant fiver tumor that 
developed during use of OCs or other estrogen containing products, 





_ | including thromboembolism, stroke. myocardial infarction, liver tumor gall | 
i f hypertension 
Practitioners ooa Oe should be familiar with the following informa- 


| tion relating to these r | 


+ Thromboembolic Disorders and Other Vascular Problems: An increased risk ot 
thromboembolic and th f 


lar disease. Another British study showed a lower death rate in OC users than 
controls: an increase in cardiovascular deaths was seen but was not statistically 
significant. A US. prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a retrospective, Case- 
control study showed significant increases in venous thromboembolism. CERE- 


BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. tt an American study of 
cerebrovascular disorders in women with and without predisposing causes 
relative tisk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greater in users than nonusers. A British torig- 
term follow-up cing em in 1976 a highly significant association between 
OC use and stroke. her study had suggested an association in 1974, but the 
number of Cases was too smal to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies 
Smoking alone increases incidence of these accidents, smoking ard pill use 
appear fo increase risk more than either alone. 
MYOCARDIAL INFARCTION (Mil. increased relative risk of Mi associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of preeciamptic toxemia) 
the higher the risk of developing Mi, regardiess of OC use. OCs were an 
additional risk factor. In terms of relative risk. it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi) are twice as likely to have a fatai Mi as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
mong users, and a 10-12-foid increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. in determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. (Estimates are based on British vital statistics which show acute Ml 
death rates 2-3 times less than in the US so US. death rates could be higher} 
importance of other predisposing conditions in determining relative and absolute 
risks has not been quantified: other synergistic actions may exist. RISK OF 
OSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 01 mg or 
more of estrogen were associated with a higher risk of thromboembolism than 
those containing 0.05-0.08 mg but quantity of estrogen may not be the sole 
factor. This was supported by a US study A British study found a positive 
association between dose of progestogen or estrogen and certain thromboembet- 
ic Conditions. Swedish authorities noted decreased reporting of thromboembotic 
episodes when higher estrogen preparations were no fonger prescribed. Carefut 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with proges -oniy OCs have not been done Thrombcempboiic 
disease has been reported in women using these products, and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
Suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for MI. another ad 5 ted the 
pe aienea of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated mortality rate per 100.000 women per year trom circulatory system 
diseases for users and nonusers according to age, smoking habits. and 
duration of use. The overall annual excess death rate for OC users was estimated 
to be 20/100000 (ages 15-34-5°100.000: ages 35-44- 33/100000; ages 45- 
49--140:100.000). Risk is concentrated in fong-lerm users and in smokers, and 
may persist alter OC discontinuation. Although the study showed a 10-foid 
increase in death due to circulatory diseases in users for 5 or more years. ali 
occurred if women 35 or okier An update provided the josiak rates: ages 
15-34~ 16700 for nonsmokers and 1/2000 for smokers: ages and over- 
1/2508 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration of use. Unti more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data trom a variet of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method je.g.. thromboembolic and thrombotic disease for OCs) plus risk 
ancy or abortion if the method fails (which varies with 
_ the effectiveness of the contraceptive method). The study concluded that mar- 
tality associated with alt contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pill only: 
smokers for each age are for smokers as a class. For “heavy” smokers {more 
than 15 cigarettes 4 day), the rates would be about double; for “light” smokers 
{iess than 15), about halt} The lowest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. ioe 
Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, Obesity, diabetes, or history of preeclamptic toxemia, and specialy by 
`. Smoking. The following chart gives a gross estimate of risk of rom 
: = Circulatory disorders associated with OC use. 











SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS~RISK ASSOCIATED WITH USE OF OCs 





Age Below 36 36-39 40+ 
Heavy smokers c 8 A 
Light smokers p £ 8 
{no predisposing conditions} D c.o C 
(other predisposing conditions) c C8 8A 


B—~Use associated with high risk. 
C—Use associated with moderate risk. 
D~Use associated with low risk. 
Physician and patient should be alert to earliest manifestations of thromboembol- 
ic ang thrombotic disorders (¢.g., thrombophlebitis, pulm embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis}. Should any of these occur or be suspected. discontinue OC 
immediately. A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. H feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism of prolonged 
immobilization. Belore resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
Suggest varicose veins substantially increase risk of superficial venous thrambo- 
sis of the leg, the risk depending on the severity of the varicosities 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden. or 
gradual, partial or complete joss of vision: onset of proptosis or diplopia: 
papilledema, or retinal vascular lesions: and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma. Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
oF Malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver 
Certain synthetic progestogens, none currently in OCs, increase the incidence ot 
mammary nodules, benign and malignant. in dogs. Several ret tive case- 
control studies reported an increased relative risk {31-139 times associating 
endometrial carcinoma with the prolonged use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases ol adenocarcinoma of the endometrium in women under 40 on OCs. Df the 
adenocarcinomas found in women without big dirk risk factors for adeno- 
carcinoma of the endometrium {e.g ireguiar ing when OCs were first 
iven, polycystic ovaries), nearly all occurred in women who had used sequential 
S, which are no longer marketed. No statistical association has been reported 
Suggesting an increased risk of endometrial cancer in users of conventional 
Combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users bul a greater risk was Sted for OC users with documented benign 
breast disease and for long-term (2-4 years) users. Another study found a history 
of breast cancer among grandmothers or aunts was significant y more frecuent 
among breast cancer patients who had used an OC continuousty for one or more 
years than among nonusers with breast cancer One other study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended iover 6 
years} OC use prior to first full term pregnancy was associated with 2 significant 
relative risk of breast cancer, and other studies suggested an increased risk of 
breast cancer with long-term OC use before age A reduced occurrence of 
benign breast tumors in OC users has been well docurnented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective Study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in sifu in OC users compared to nonusers. This became propria 
significant after 3-4 years of use. Nonreversai of dysplasia within the first 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disciased an increased risk of cancer of the cervix (largely 
carcinoma i) sity) in OC users under 40, particularly those who had used GCs 
over 4 years. Two other studies sted an increasing incidence of cervical 
neoplasms with longer duration ot ac use. There have been other reports of 
microgiandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. in summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of alt OC users is, nevertheless, 
essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate i. dapat measures to rule out lity deh Monitor 
OC users with a strong family history of breast cancer or have breest 
nodules, librocystic disease or abnormal mammograms with particular care. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture and 
hemorrhage of a liver tumor There have been repor:s associating benign or 
Malignant liver tumors with short-term and long-term OC use. One Study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence ot hepatocellular adenoma of 3-4100000. 
Although an uncommon iesion, it should be considered in women presenting with 
an “acute abdomen”. The tumor may cause serious or fata! hemorrhage. Patients 
with liver tumors have demonstrated variable clinical features which May make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses. while most had signs and symptoms of acute intraperitoneai 
hemorrhage. Routine radiological and laboratory studies may not be helpful. Liver 
Scans May Show a focal defect. Hepatic arteriography may be usetul in diagnos- 
ing primary liver neoplasm, 5. Use in or immediately Preceding Pregnancy. Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of female sex 
hormones—estrogenic and progestational agents~during early pregnancy may 
Seriously damage the offspring. Females exposed in utero to diethylstilbestrol, 2 
nonsteroidal est . have an increased risk of developing in tater life a form ot 
vaginal Or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 11000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care A high ae at 
women exposed to diethyistitbestro! (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign. it is act 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that they would not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs. in pregnancy. One case-control study estimated a 4.7-fold increased relative 
risk of limb-reduction detects in infants exposed in utero to sex hormones (OCS, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a tew days of treatment. Data 
tisk of limb-reduction defects in exposed fetuses is somewhat jess than 1/ 
live births. in a large prospective study, cardiovascular defects in children born to 
women who caved female hormones, including OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for chidren not so exposed ir 
utero. These results are statistically significant. A Welsh study found a statisti- 
cally significant excess of neural tu facts among offspring of prior OC users 
{within 3 months) than among controis. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. in the 
past. temale sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are inettective, 
and there is no evidence from well controlled studies that progestogens are 
elfective for these uses. There is some evidence that tripioicy and possitly other 
types of polypicidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Falah with these anomalies are virtually 
always aborted spontaneousty. Whether there is an overall increase in spomtane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. H 
the patient has not adhered to the prescribed schedule. consider possible preg- 
nancy at the first missed period (or 45 days trom the last menstrual period if 
progestogan-onty OCs are used) and discontinue OC use until pregnancy has 
n ruled out. For any patient who has missed two consecutive periods, rule 
Out pregnancy before continuing the OC. # pregnancy is confirmed. tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time fe attempting to con- 
ceive. A 3-month porne i$ Supported by a study suggesting increased frequency 
of neural tube defects in women impregnated during the first 3 months after 
cessation of OC use. Do not use progestogen-anly or progestegen-estragen 


combinations to induce withdrawal bleeding as 2 pregnancy test. 6. Gaff Bladder 


A—Use associated with ron high risk. 





Disease: Studies report increased risk of gail bladder disease in’ OC ar: ir 
users. in one study, an increased risk appeared after 2 years of use and doi 
after 4-5 years. in another study an inceeased risk was apparent betwee 
12 months. 7 Carbohydrate and Lipid Metabolic Effects: Because a 
ae tolerance has been observed in a pe daaa percentage 
UCs, prediabetic and diabetic OC users should. be carefully observed 
increase in trighycerides and total hotipids has been observed in: 

but is clinical significance is unknown. 8. Elevated Blood Pressure: An in rease 
in blood pressure has been reported with OC use. Hypertension may i 
within a few months of ca olny oe in the first year of use. incidence 
hypertension may be no higher in UC users than in nousers. incidence in users 
increases with exposure and in the fifth year of use-is 2.5-3 times that in the 
first year is strongly correlated with hypertension in OC users, Women: with 
a history cf elevated blood pressure (hypertension), preexisting. renal disease, 
history of toxemia or elevated bigod pressure during pregnancy. famitial.. 
dency to hypertension or its consequences, or history of excessive weight ga 
or fluid retention during the menstrual cycle may be more likely to develop. 
elevated Mood peue when given OCs and shouid be monitored closely: Even- 
though elevated blood pressure may remain within the “normal” tange, closely 
watch elevations, particularly for women with other risk factors for cardiovascu-- 
lar disease or stroke. High blood pressure may or may not persist after OC 











discontinuation. 9. Headache: Discontinue OC and evaluate the cause of onset ar. 


exacerbation of migraine or development of a new pattern of headache which is K 
recurrent, persistent, or severe. 10. rips Iroguiarities th ea 
ing. spotting, and missed menses often users discontinue OCs. in break- 
Sirough bieeding. as in all cases of irregular bleeding from the vagina, consider 
nootunctional causes. In undiagnosed persistent or recurrent abnormal bleeding 
from the vagina, use adequate diagnostic measures to rule out pregnancy of 
malignancy. If pathology has been excluded. time or another formulation may 
solve the problem. While potentially useful in minimizing menstrual yt opt 
change to an OC with a higher estrogen content only if percha since this may 
increase the risk of thromboembolic disease. Women with a history ot oligo- 
menorthea or secondary amenorrhea or young women without f f 
may tend to remain anovulatory or to become amenorrheic after OC discontin- 
uation. Women with these preexisting problems should be advised of this and 
encouraged tp use other contraceptive methods. Post-use anovulation, possibly 
prolonged. may occur in women without previous irregularities. A higher inci- 
dence of galectorrhea and of pituitary tumors {8.g., adenomas) has been asso- 
ciated with amenorrhea in former users compared with nonusers, One study 
reported a 16-foid increased incidence of pituitary profactin-secrating tumors 
among patients with sostpill amenorrhea when eal was. Nt 
infertility: There is evidence of impairment of fertifity in women discontinuing 
OCs in comparison with other contraceptive methods, which appears to be 
independent of duration of use. While impairment diminishes with time, there is 
49 appreciable difference in the results in nulliparous women for OC and other 
groups 30 months atter discontinuation of birth control, For parous women the 
‘ference is not apparent 30 months after cessation of pape pei One study 
suggests Chiamydia trachomatis infection, the feading cause o tal 
PO. is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC failure. in progestogen-only OC failures. the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, sinte the drugs 
are more effective in preventing intrauterine than ectopic pregnancies, 13. Breast 
Feeding: OCs in the postparto period may interfere with lactation by decreas- 
ing quantity and quality of breast miik. A smali fraction of OC hormonal agents 
has been idencified in milk of mothers receiving OCs. Effects, if any, on the 
breast-fed child have not been determined. H feasible, defer OC use until the 
infant has beer weaned. Precautions GENERAL 1. Take a complete medical and 
riigid ald before starting OCs. Pretreatment and periodic physical exams 
shouid include special reference to blood pressure, breasts, abdomen and prie 
ans, including Papanicolaou smear and relevant lab tests. As a general rule, 
OCs shouid not be prescribed for tonger than 1 year without another physical, 2. 
Under the infiuence of est n-progestogen preparations. preexisting uterine 
feiomyomata may enlarge. 3. Observe patients with a history of psychic depres- 
sion and discontinue OCs if depression recurs to a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
‘tiated. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
‘tuid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized 
i? patients with impaired fiver function and should be administered with caution 
in Such patients. Z OC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signit- 
(cance is unknown. 8 Serum folate levels may be depressed by OC use Since 
the pregnant woman is predisposed to folate deficiency and incidence of folate 
deficiency increases with increasing gestation. if a woman becomes pregnant 
shortly after stepping OCs. she may have a greater chance of developing folate 
deficiency and retated complications. 9. Advise the pathologist of OC use when 
relevant specimens are submitted. 10 Certain endocrine and fiver function tests 
and blood components may be affected by estrogen-containing OCs. For exam- 
pie: a, Increased sulfcbromophthaiein retention. b. Increased prothrombin and 
factors Vi, Vill, IX, and X: decreased antithrombin 3: increased norepinephrine- 
induced platelet aggregability. c. increased thyroid binding globulin (TBG) lead- 
Mj to increased circulating total thyroid hormone, as measured b 
protein-bound iodine (PBI). Taby column, or T4 by radioimmunoassay Free T 
resin uptake is decreased, reflecting the elevated TBG. free T4 concentration is 
unaltered. d. Decreased pregnanedio! excretion e. Reduced response to metyra- 
pone test. f increased phospholipids and triglycerides. g. Temporarily decreased 
giucose tolerance. H. Contact lens wearers who develop visual changes or 
changes in lens tolerance should be assessed by an ophthalmologist and tempo- 
fary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough bleeding from 
interactions with ríampin, isoniazid, ampicillin, tetracycline, neomycin, penicilin 
V. chloramphenicol. sulfonamides, nitrofurantoin, barbiturates, phenytoin, primi- 
done, anaigesics, tranquilizers, antimigraine preparations, antihistamines, and 
griseofulvin. OCs may alter effectiveness of such other drugs as oral anticoagy- 
ians, anticonvulsants, tricyclic antidepressants, antihypertensive agents (6.9.. 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline. and beta blockers. Toxic liver effects have been reported with 
a combination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of t 
tollewing serious adverse reactions has been associated with OC use (see Warn- 
ings’: thrombophlebitis, thrombosis, pulmonary embolism, coronary thrombosis, 
cerebral thrombosis. mesenteric thrombosis, liver tumors, cerebral hemorrhage, 
hypertension, gall bladder disease, congenital anomalies, neuro-ocular lesions. 
e.g., retinal thrombosis and optic neuritis, Raynaud's disease, arterial throm- 
boembolism. The toiowing adverse reactions have been reported in OC users 
and are believed to be drug related: bleeding irregularities (breakthrough bleed- 
ing, spotting, missed menses during treatment, amenorrhea after treatment), 
gastrointestinal symptoms (nausea, vomiting, bloating, abdominal cramps, 
colita}, dysmenorrhea, intertility after discontinuance of treatment, edema, 
chloesma or melasma which may persist after drug is discontinued, breast 
changes (tenderness, enlargement, and secretion), intolerance to contact lenses, 
changes in corneal curvature (steepering), change in weight {increase or 
decrease), change in cervical erosion and cervical secretion, possible diminution 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in Size of uterine leiomyomata. rash (allergic), mental depression. 
reduced tolerance to carbohydrates, vaginal candidiasis, prolactin-secreting pitu- 
itary “umors. chitblains. The following adverse reactions have been 4 in 
OC users and the association has been neither confirmed nor reluted: premen- 
Strual-ike syndrome, cataracts. changes in libido. chorea, changes in appetite, 
cystitis-tike syndrome, , Nervousness, dizziness, hirsutism, joss of hai, 


erythema multiforme. oyen nodosum, hemorrhagic eruptions, vaginitis, 
porphyria, impaired tenal function, malignant nephrosclerosis Ui hg uremic 
syndrame}, malignan: hypertension, acute renal failure. information tor the 
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7 WARNING 
THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NCT RECOMMENDED. 
~ “Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
f -cuse is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
. Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could mot be expected 
to influence. in addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 
Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
| estimated a 4.7-fold increased risk of limb reduction defects in infants 
| exposed in utero to sex hormones (oral contraceptives, hormone with- 
-= drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 
if the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 


INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
ulerine cancer. 
CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cers- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 
Unciagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test to pregnancy. 
WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesierone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animais, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established, 3. Discontinue medication pending examination if 
there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. ff papiliedema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectabie amounts of progestin have been identified in the milk of 
‘mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
„statistically significant association between thrombophlebitis, pulmonary embo- 
d lism, cerebral thrombosis and embolism and the use of oral contraceptives, tt 
-has been estimated that users are several times as likely to undergo thrombo- 
-embolic disease without evident cause as nonusers, The American study indi- 
«cated that the risk did not persist after discontinuation, and it was not enhanced 
g-continued « administration. 
z ECAUTIONS: A pretreatment physical exam should include special refer- 
0- breast and pelvic organs and a Papanicolaou smear This drug may 
fi id. retention; therefore, carefully ot observe patients with conditions influ- 
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enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. in irregular bleeding per vaginum, bear in mind nonfunc- 
tional causes and perform adequate diagnostic measures, Advise pathologist 
of therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin 


combinations; therefore, carefully observe diabetic patients receiving progestin 


therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
thrombophlebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) 

ADVERSE REACTIONS: Pregnancy: (see Warning box}, Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight 
changes in cervical erosion and secretions; cholestatic jaundice: rash (allergic) 
with and without pruritus; mental depression. anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between.use of 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence is suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, €.9. retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism: loss of scalp hair; erythema multiforme; erythema nodosum: 
hemorrhagic eruption: and itching.Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
Vil, Vill, IX and X); metyrapone test; pregnanedio!l determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T? uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
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indications 

MYCELEX-G 500 mg Vaginal Tablets are indicated for 
the local treatment of vulvovaginal candidiasis when one- 
-day therapy is felt warranted. In the case of severe vul- 
vovaginitis due to candidiasis, longer antimycotic therapy 
is recommended. 

MYCELEX® CREAM is indicated for the topical treatment 
of dermal infections due to Candida albicans. 
Contraindications 

MYCELEX-G 500 mg Vaginal Tablets and MYCELEX 
CREAM are contraindicated in women who have shown 
hypersensitivity to any of their components. 

Warnings 

MYCELEX-G 500 mg Vagina! Tablets: none. MYCELEX 
CREAM is not tor ophthalmic use. 

Precautions 

MYCELEX-G 500 mg Vaginal Tablets: H there is a lack of 
response to the Vaginal Tablets. appropriate microbio- 
logical studies should be repeated to confirm the diag- 
nosis and rule out other pathogens before instituting an- 
other course of antimycotic therapy. 

MYCELEX CREAM: Hf irritation or sensitivity develops 
with the use of Mycelex Cream, treatment should be dis- 
continued and appropriate therapy instituted. 
Carcinogenesis 

MYCELEX-G 366 mg Vagina! Tablets: No long-term stud- 
ies in animals have been performed to evaluate the car- 
cinogenic potential of 500 mg Vaginal Tablets 
intravaginally. A long-term study in rats (Wistar strains) 
where clotrimazole was administered orally provided no 
indication of carcinogenicity. 

Usage in Pregnancy: Pregnancy Category B: 
MYCELEX-G 500 mo Vaginal Tablets: The disposition of 
'4C-clotrimazole has been studied in humans and ani- 
mais. Clotrimazole is poorly absorbed following intravag- 
inal aciministration to humans, whereas it is rather well 
absorbed after oral administration. 

in clinical trials, use of vaginally applied clotrimazole in 
pregnant women in their second and thud trimesters has 
not been associated with ill effects. There are, however, 
no adequate and well-controlled studies in pregnant 
women during the first trimester of pregnancy. 

Because animal reproduction studies are not always pre- 
dictive of human response, this drug should be used only 


if clearly indicated during the first trmester of pregnancy. 


MYCELEX CREAM: In the first trimester of pregnancy, 
Mycelex Cream should be used only when considered gs- 
sential to the welfare of the patient. 

Adverse Reactions 

MYCELEX-G 500 mg Vaginal Tablets: Of 297 patients in 

double-blind studies with the 500 mg vaginal tablet, 3 of 

149 patients treated with active drug and 3 of 148 patients 

treated wiih placebo reported complaints during therapy 
-that were possibly drug related. in the active drug group. 

vomiting occurred in one patient. vaginal soreness with 
coitus in another, and complaints of vaginal irritation, itch- 
ing, burning and dyspareunia in the third patient. In the 
placebo group, clitoral irritation occurred im one patient 
and dysuria, described as remotely related to drug, in the 
other A third patient in the placebo group developed hac- 
terial vaginitis which the investigator classed as possibly 
related to drug. 

MYCELEX CREAM: The following reactions have been 
__feported in connection with the use of this cream: ery- 
thema, stinging, blistering. peeling, edema. pruritus, ur- 
ticaria, and general irritation of the skin. 
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* the most current treatments available oe 
psychosocial approaches to the troubled patient 
family planning and pregnancy termination ee 
breast disease and sexually transmitted diseases, in- | , 
cluding AIDS in women fc 
® rape, incest and other physical abuse 

The Key Terms and Definitions that begin each chapter 

and the synopsis of Key Points at the end providea Į} 
quick review. Sophisticated graphics highlight pertinent | 
data. Written by four well-known specialists who share - 
their experience and expertise, COMPREHENSIVE _. 
GYNECOLOGY presents state-of-the-art information 
you'll refer to again and again. re. 
July, 1987. Approx. 1,000 pages with 800 illustrations. 
(Book Code: 01929) About $60.00 (U.S.); $82.95 (Can.) 
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traditional procedur 


Traditional in-office Hb testing involves messy reagents, 
pipettes, test tubes, etc—not to mention instrument 
calibration and zero setting. A complex and time con- 
suming procedure with high error potential, especially 
in the dispensing of blood and reagents. 
Or take hematocrit where errors can 
arise from incorrect centrifuge speeds. 
And more to the point, why measure 
hematocrit when it is the Hb value 
that defines anemia? 
















And what if you use an outside laboratory instead? 

When the test results finally arrive the patient has long 
since left your office. The case record has to be 
extracted again, the patient contacted 
and perhaps recalled. 








“ Oy Tamro Ab, Tet: 90-5344011. Norway: A/S Saba Medical. Tel, (02) 6447 30. Iceland: G Olafsson h/£. Tel. 
; 01:6726 380, Ireland: Accu-Science (Ireland) Ltd. Tel. 045-603 91. Italy: Labanalysis srl. Tel. (06) 45.0 : 
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the unique disposable microcuvette, which serves 
as pipette, test tube and measuring vessel in one. © 
Containing a dry reagent it self-fills with blood by 
capillary action to produce a precise chemical 
reaction. 

The HemoCue photometer is fully automated 
The only control is the ON/OFF switch! No liqu 
reagents are used. Zero setting and functional 
adjustments are performed automatically between | 
tests. It also automatically compensates for 7 
turbidity in the sample! 

Thanks to HemoCue you can now get 
accurate Hb test results, truly stat, while the 
patient is still in your office. 

For more information on this new and econo- 


mical test, call 800-323-1674 (CA 714-859-7779). 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMA- 
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PREMARIN! Brand of conjugated estrogens tablets, USP 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOME- 
TRIAL CARCINOMA. 
Three independent, case-controlied studies have reported an increased risk of endometrial 
cancer in postmenopausal women exposed to exogenous estrogens for more than one 
year. This risk was independent of the other known nsk jactors for endometrial cancer. 
ese studies are further supported by the finding that incidence rates of endometrial 
cancer have increased sharply since 1969 in eight dierent areas of the United States with 
population-based cancer reporting systems, an increase which may be related to the 
rapidly expanding use of estrogens during the last decade. The three case-controlled 
studies reported that the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. In view of these findings, when estrogens are used for the treatment 
of menopausal ee the lowest dose that will control bands should be utilized 
and medication should be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a semi-annual basis to 
determine the need for continued therapy. Although the evidence musi be considered 
preliminary, one study suggests that cyclic administration of low doses of estrogen may 
carry less risk than continuous administration; it therefore appears prudent to utilize such a 
regimen. Close clinical surveillance of all women taking estrogens is important. In all cases 
of undiagnosed persistent or recurring abnormal vaginal bleeding, adequate diagnostic 
measures should be undertaken to rule out maay There is no evidence at present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi- 
estrogenic doses. l 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
The use of female sex hormones, both estrogens and Poe during early preg- 
nancy may seriously damage the offspring. It has been shown that females exposed in 
utero to diethylstilbestral, a non-steroidal estrogen, hava an increased risk of developing, in 
later life, a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has 
been estimated as not greater than 4 per 1,000 exposures. Furthermore, a high percentage 
of such exposed women (from 30% to 90%) have been found fo have vaginal adenosis, 
epithelial changes. of the vagina and cervix. Although these changes are histologically 
benign, itis not known whether they are precursors of malignancy. Although similar data are 
-not available with the use of other estrogens, it cannot be presumed they would not induce 
similar changes. Several reports suggest an associaticn between intrauterine exposure to 
female sex hormones and congenital anomalies, including congenital heart defects and 
limb-reduction defects. One case-controlled study estimated a 4.7-fold increased risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, 
hormone withdrawal tests for pregnancy, or attempted treatment for threatened abortion). 
Some of these exposures were very short and involved only a few days of treatment. The 
data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less 
than 1 per 1,000. In the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that 
estrogens are ineffective for these indications, and there is no evidence from well-controlled 
studies that progestogens are effective for these uses. !f PREMARIN is used during 
pregnancy, or if the patient becomes pregnant while taking this drug, she should be 
apprised of the potential risks to the fetus, and the advisability of pregnancy continuation. 


DESCRIPTION: PREMARIN (conjugated estrogens tablets, USP) for oral administration 
contains a mixture of estrogens, obtained exclusively from.natural sources, blended to repre- 
sent the average composition of material derived from pregnant mares urine. It contains 
estrone, equilin, and 17a-dihydro- 
equilin, together with smaller amounts’ 
of 17a-estradiol, equilenin, and 17a-di-, 
hydroequilenin as salts of their sulfate 
esters. Tablets are available in 0.3 mg, 
0.9 mg, 1.25 mg, and 2.5 mg strengths 
of conjugated estrogens. 
INDICATIONS AND USAGE: Moder- 
ate to severe vasomotor symptoms a$- 
sociated with the menopause. (There is 
no evidence that estrogens are effec- 
tive for nervous symptoms or depres- 
sion without associated vasomotor 
symptoms and they should not be used 
to treat such conditions.) Osteoporosis 
(abnormally low bone mass). Atrophic vaginitis. Kraurosis vulvae. Female castration. 
PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR-ANY PURPOSE DURING 
PREGNANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
WARNING). 
Concomitant Progestin Use: The lowest effective dose appropriate for the specific indication 
should be ulilized. Studies of the addition of a progestin for 7 or more days of a cycle of estrogen 
administration have reported a towered incidence of endometrial hyperplasia. Morphological 
and biochemical studies of the endometrium suggest that 10 to 13 days of progestin are needed 
to provide maximal maturation of the endometrium and to eliminate any hyperplastic changes. 
Whether this will provide protection from endometrial carcinoma has not been clearly estab- 
lished. There are possible additional risks which may be associated with the inclusion of 
progestin in estrogen replacement de dark (See PRECAUTIONS.) The choice of progestin 
and dosage may be important; product labeling should be reviewed to minimize possible 
adverse effects. 
CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the 
following conditions: 1. Known or suspected cancer of the breast except in appropriately 
selected patients being treated for metastatic disease. 2. Known or suspected estrogen- 
dependent neoplasia. 3. Known or suspected pregnancy (see Boxed Warning). 4. Undiagnosed 
abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders. 6. A past 
history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use (except when used in treatment of breast or prostatic malignancy). 
WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see 
Boxed Warning). However, a recent large, case-controlled study indicated no increase in risk of 
breast cancer in postmenopausal women. A recent study has reported a 2- to 3-fold increase in 
the risk of surgically confirmed gallbladder disease in women receiving enopausal estrogens. 
Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used 
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to treat prostatic or breast cancer or postpartum breast engorgement; it has been shown thi 
there is an increased risk of thrombosis in men receiving estrogens for prostatic cancer ar 
women for postpartum sreast engorgement Users of oral contraceptives have an increased ris 
of diseases, such as thrombophiecitis, pulmonary embolism, stroke, and myocardial infarctio: 
Cases of retinal thrombosis, m2senteric th-ombosis, and optic neuritis have been reported 
oral contraceptive users. An increased risk of postsurgery thromboembolic complications hz 
also been reported in users of cral contraceptives. if feasible, estrogen should be discontinue 
at least 4 weeks before surgery of the type associated with an increased risk of thromboen 
bolism, or during periods of prolonged immobilization. Estrogens should not be used in persor 
with active thrombophlebitis, thromboembolic disorders, or in persons with a history of suc 
disorders in association with estrogen use They should be used with caution in patients wil 
cerebral vascular or coronary artery disease. Large doses (5 mg conjugated estrogens per day 
comparable to those used to treat cance- of the prostate and breast have been shown | 
increase the risk of nonfatal myocardial infarction, pulmonary embolism and thrombophlebiti: 
When doses.of this size are used, any of the thromboembolic and thrombotic adverse effec 
should be considered a clear risk. . 
Benign hepatic adenomas sould be considered in estrogen users having abdominal pa 


` and tenderness, abdominal mess, or hypovolemic shock. Hepatocellular carcinoma has bee 


reported in women taking estrogen-containing oral contraceptives. Increased blood pressu 
may occur with use of estrogens in the menopause and blood pressure should be monitore 
with estrogen use. A worsen.ng of glucose tolerance has been observed in patients c 
estrogen-containing orai contraceptives. For this reason, diabetic patients shouid be careful 
observed. Estrogens may lead to severe hypercalcemia in patients with breast cancer and bor 
metastases. : E 

PRECAUTIONS: Physical examination and a complete medical and family history should £ 
taken prior fo the initiation of any estrogen therapy with special reference to blood pressuri 
breasts, abdomen, and pelvic organs, and should include a Papanicolaou smear. As a gener 
tule, estrogen should not be prescribed tor longer than one year without another physic 
examination being performed. Conditions influenced’ by fluid retention, such as asthma, er 
lepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patien 
may develop manifestations of excessive estrogenic stimulation, such as abnormal or exce: 
sive uterine bleeding mastodynia, etc, Prolonged administration of unopposed estroge 
therapy has been reported to increase the risk of endometrial hyperplasia in some patients. Or 
contraceptives appear to be associated with an increased incidence of menta! depressio! 
Patients with a history of depression srould be carefully observed. Pre-existing uterir 
leiomyomata may increase in sizs during estrogen use. The pathologist should be advised : 
estrogen therapy when relevant specimens are submitted. If jaundice develops in any patie 


. receiving estrogen, the medication should be discontinued while the cause is investigate 


Estrogens should be used with care in patients with impaired liver function, renal insufficienc 
metabolic bone diseases associaied with hypercaicemia, or in young patients in whom bon 
growth is not yet comp'ete. If ccncomitant progestin therapy is used, potential risks may includ 
adverse effects on carbohydrate and lipid metabolism. 

The following chances may be expected with larger’doses of estrogen: 

a. increased sulfobromophthalein retention. 

b. Increased prothrombin and factors VII. VII, 1X, and X; decreased antithrombin 3; increase 
norepinephrine-induced platelet aggregab lity. 
> c. Increased thyroic binding Saye (BG) leading to increased circulating total thyroi 
hormone, as measured by PBI, T; by column, or T, by radioimmunoassay. Free T, resin uptak 
is decreased, reflecting the elevated TBG: free T, concentration is unaltered. 

d. Impaired glucose tolerance. 

e. Decreased pregnanediol excretion. 

f. Reduced response to:metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phcspholipid concentration. 

As a general princip‘e, the administration of any drug to nursing mothers should be done on 

when clearly necessary since mar 
drugs are excreted in human milk. 

Long-term, continuous administr: 
tion of natural and synthetic estr 
gens in certain animal species ir 
creases the frequency of carcinoma 
of the breast, cervix, vagina, and live 
However, in a recent, large case-cor 
trolled study of postmenopausz 
women there was no increase in ris 
of breast cancer with use of conjt 
gated estrogens. 

ADVERSE REACTIONS: The fo 
lowing have been reported with es 
trogenic therapy, including oral cor 
traceptives: breakthrough bleedirg, spotting, change in menstrual flow; dysmenorrhea; pre 
menstrual-like syndrome; amenorrhea dung and after treatment; increase in size of uterin 
fibromyomata; vaginal candidiasis, change in cervical erosion and in degree of cervical secre 
tion; cystitis-like syndrome; terderness, er largement, secretion (of breasts); nausea, vomitinc 
abdominal cramps, bloating; cholestatic jaundice; chloasma or melasma which may persis 
when drug is discontinued; erythema mui:iforme; erythema nodosum; hemorrhagic eruptior 
loss of scalp hair; hirsutism; steepening of corneal curvature; intolerance to contact lenses 
headache, migraine, dizziness, mental depression, chorea; increase or decrease in weigh 
reduced carbohydrate tolerance; aggravation of porphyria; edema; changes in libido. 
ACUTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females 
DOSAGE AND ADMINISTRATION: 1. Given cyclically for short-term use only, For treatmer 
of moderate-to-severe vasomctor symptoms, atrophic vaginitis, or kraurosis vulvae associate: 
with the menopause (0.3 mg to 125 mg or more cht 

The lowest dose that will control symp:oms should be chosen and medication should b 
discontinued as promatly as possible. 

Administration should be cyclic (eg, three weeks on and one week off). 

Attempts to discontinue or teper medica:ion should be made at three- to six-month intervals 

2. Given cyclically: Osteoporosis. Female castration. 

a Ti -0,625 mg daily. Administration should be cyclic (eg, three weeks on and on 
week off}. 

Female castration—1.25 mg daily, cycl cally. Adjust upward or downward otal Fi re 
apor of the patient. For maintenance, adjust dosage to lowest level that will provide effectiv 
control. 

Patients with an intact uterus should be monitored for signs of endometrial cancer ani 
appropriate measures taken to rule out nalignancy in the event of persistent or recurrin: 
abnormal vaginal bleeding. 
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Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S 
pneumoniae (formerly D. pneumoniae), but excluding znterococci; Klebsiella sp,; Proteus mir- 
abilis; Escherichia coli: Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter ; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae, 


INTRA-ABDOMINAL INFECTIONS caused by Escherichia colt Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including Z fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli; Klebsiella 

sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Pepioceccus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic cocci, including Peptococcus sp. anc Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. ‘Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
fococcus pneumoniae. 


‘Cefizox’.has been effective in the treatment of seriously ill, compromised patients, including 
those wha’ were debilitated, immunosuppressed or neutropenic. 


Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. ` 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizow may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions}. Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX’ IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it & important to consider its diagnosis in patients wi 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibioth 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is cne primary cause of antibiotic-associated colitis. 
Cholestyramine and calestipol resins have been shown to bind the toxin in vitro. Mild cases o: 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be manag 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when itis severe, oral vancomycin is the treatment of choice for an 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 


PRECAUTIONS 

General: As with ali broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution ii 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may resvit in overgrowth of nonsusceptible organisms. Car 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 


Drug Interactions: Although the occurrence has not been reported with ‘Cefizox; nephrotox- 
icity has been reportec following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There ar 
however, no adequate and well-controlled studies in pregnant women. Because animal reprodt 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should | 
exercised when ‘Cefizox’ is administered toa nursing woman. 


Infants and Children: Safety and efficacy in infants from birth to six months of age have not bee! 
established. In children six mor:ths of age and older, treatment with ‘Cefizox’ has been associat 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 


ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, b 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGC 
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or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime socium, FSK) is supplied in vials equivalent to 1 gram or 2 grams 
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Psychological characteristics of in vitro 


fertilization participants 


M. T. Hearn, Ph.D., A. A. Yuzpe, M. D., S. E. Brown, M.D., and R. F. Casper, M.D. 


London, Ontario, Canada 


Psychological characteristics of couples attending an in vitro fertilization clinic were examined. Participants 
completed measures of personality, family environment, life quality, coping, and emotional status. Couples 
seeking in vitro fertilization exhibited specific personality traits and cohesive, supportive relationships. 
Unexpectedly, they reported good quality of life and freedom from anxiety and depression. (Am J OBSTET 


Sere 1987;156:269-74.) 


Key words: In vitro fertilization, psychological characteristics of participants 


Since the first successful intrauterine pregnancy in 
1979, hundreds of pregnancies have been reported 
worldwide as a result of in vitro fertilization and embryo 
transfer procedures. Most of the literature on this pro- 
cedure i is focused on the medical aspects of the in vitro 
fertilization procedure, which has moved rapidly from 
an experimental technique to a successful medical treat- 
ment for some forms of infertility. Some concern about 
the psychological aspects of in vitro fertilization has 
accomparied the development of in vitro fertilization 
treatment programs." * Some authors* * have empha- 
sized the need for psychological screening to single out 
those applicants for whom an in vitro fertilization at- 
tempt might be emotionally contraindicated. Some’ 
have emphasized the need for psychological support, 
and others®* have investigated the degree of dysfunc- 
tional emotional distress shown by in vitro fertilization 
participants. Few studies have investigated the psycho- 
logical characteristics of couples seeking in vitro fertil- 
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ization, and thus far there is little known about the 
psychological and emotional states of couples entering 
in vitro fertilization programs. This lack of information 
makes it difficult to plan adequate support systems for 
couples entering in vitro fertilization progranis. 

This article describes the psychological characteristics 
of couples entering an in vitro fertilization treatment 
program in a university teaching hospital and discusses 
briefly the type of support procedures that would com- 
plement participants’ needs. These pretreatment as- 
sessment data also represent a baseline for future study 
of couples who complete a successful pregnancy as a 
result of an in vitro fertilization attempt in comparison 
with couples who are unsuccessful. 


Material and methods 


Criteria. Couples entering the in vitro fertilization 
treatment program were required to meet the following 
criteria: (1) a stable marital relationship; (2) age of 40 
years or under; (3) evidence of tubal disease, which 
might include failed tubal surgery, surgical repair with 
<10% chance of pregnancy, or absent fallopian tubes; 
(4) sperm count in the husband within the normal fer- 
tile range; and (5) exhaustion of other attempts to re- 
store fertility. 

Sample selection. The sample comprised 300 cou- 
ples who were consecutive admissions to the in vitro 
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Table I. Comparison of the in vitro fertilization group with the normative data for the family 
environment scale- 









Normative group 


In vitro 
fertilization group 








Cohesion 8.02 1.42 6.36 1.86 12.06* 
Expressiveness 6.41 1.77 5.43 1.49 7.20* 
Conflict 2.10 1.79 4.65 2.05 15.39* 
Independence 6.75 1.48 6.67 1.23 0.71 
Achievement orientation 5.37 1.63 5.64 1.66 1.97 
Intellectual-cultural orientation 5.40 2.15 6.15 1.98 4.35* 
Active-recreational orientation 5.85 2.12 6.19 1.66 2.15 
Moral-religious emphasis 5.15 2.08 4.55 2.15 3.41* 
Organization 6.76 1.77 5.27 2.03 9.40* 
Control | = 370 1.93 4.80 1.84 6.98* 
*p < 0.001. 


Table II. Comparison of the in vitro fertilizátion group women with the normative data for the 
Personality Research Form-E 





_ dn vitro 
fertilization ia Normative group 





Abasement 6.96 2.63 T: 66 3, 01 2.39 
Achievement 9.91 2.56 10.90 3.41 0.29 
Affiliation 9.75 3.26 8.93 4.03 2.16 
Aggression 6.32 2.75 6.91 3.59 1.78 - 
Autonomy 4.55 2.56 711 3.23 8.50* 
Change 7,44 2.53 9.87 3.09 8.34* 
Cognitive structure 10.28 2.59 8.71 3.52 4.92* 
Defendence 5.99 2.72 6.04 3.48 0.16 
Dominance 6.70 3.65 7.50 4.40 2.17 
Endurance 10.52 2.79 10:19 3:99 1.04 
Exhibition 6.31 3.67 7.24 4.76 2.12 
Harm avoidance 12.83 2.78 9.49 4.43 8.75* 
Impulsivity 4.76 3.23 6.53 4.04 4.68* 
Nurturance 11.9 2.51 10.90 3.42 3.38f 
Order 11.12 3.92 8.15 4.52 6.80* 
Play 7.25 2.70 8.95 3:02 5.74* 
Sentience 9.26 3.10 10.76 2.75 4,.95* 
Social recognition 7.42 3.04 8.22 3.68 2.28 
Succorance | 8.80 3.14 8.70 3.70 0:27 
Understanding 8.11 3.33 : 9.70 3.49 4.51* 
Infrequency 0.52 1.40 0.37 l 0.78 1.28 
Desirability . 12.78 2,30 © 10.97 253 7.26* 
*p < 0.01. 
tp < 0.05. 


fertilization treatment program duririg an 18-month content scales and two validity scales. Scorés on the 


period between January 1984 and July 1985. 

Measures. The following psychological Aa 
measures were used. 

The Family Environment Scale’ measures the social- 
environmental characteristics of families, and there are 
10 subscales. Scores on the subscales indicate an indi- 
vidual’s perception of the conjugal or nuclear family 
environment. 

The Personality Research Form-E? measures person- 
ality characteristics of individuals, and there are 20 


content scales indicate an individual’s style of normal 
functioning on traits such as autonomy, nurturance, 
and endurance. | 

The Quality of Life Questionnaire’ assesses an in- 
dividual’s functional behavior in resporise to several 
ecologic domains. Major domains assessed include gen- 
eral well-being, interpersonal relations, organizational 
activity, occupational activity, and leisure-recreational 
activity. 

The Life Satisfaction Questionnaire” yields a score 
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Table III. Comparison of the in vitro fertilization group men with the normative data for the Personality 
Research Form-E 





In vitro 
fertilization group Normative group 


| Man | D | Mean] 


Abasement 6.79 2.69 
Achievement 11.16 2.67 
Affiliation 9.57 3.32 
Aggression 6.91 3.07 
Autonomy 5.96 2.77 
Change 7.72 2.76 
Cognitive structure 10.22 2.84 
Defendence 6.12 3.07 
Dominance 9.74 3.80 
Endurance 11.20 2.74 
Exhibition 7.21 3.78 
Harm avoidance 9.63 3.59 
Impulsivity 4.20 2.98 
Nurturance 10.33 2.90 
Order 9.50 4.14 
Play 6.95 2.8] 
Sentience 7.80 3.15 
Social recognition 7.48 2.99 
Succorance 6.64 3.18 
Understanding 7.75 3.46 
Infrequency 0.45 1.21 
Desirability 12.85 2.14 
*p < 0.05. 
tp < 0.01. 


on a one-item rating scale measuring satisfaction with 
life in general. 

The Life Appraisal Inventory” results in an affect 
balance score representing the degree of affect, along 
a positive-negative continuum, associated with an in- 
dividual’s life. . 

The Inventory of Socially Supportive Behaviors" 
measures the frequency of socially supportive contacts. 

The Ways of Coping Checklist (Revised)? provides 
information concerning the strategies an individual 
uses to cope with a specific stressful life event. 

The State-Trait Anxiety Inventory’ measures two 
distinct anxiety concepts. The state anxiety scale yields 
a measure of how a subject feels at a particular moment 
in time, as opposed to the trait anxiety scale, which 
measures how a subject feels m general. 

The Beck Depression Inventory’* measures an: in- 
dividual’s current level of depression. 

Demographic information and reasons for wanting 
a child were also solicited. 

Procedure. On meeting the medical criteria and 
approximately 3 months before the first visit to the 
in vitro fertilization clinic, prospective couples were 
sent two packages of the above inventories. In an ex- 
planatory letter, husband and wife were requested to 
complete a single package of inventories independently 
and to return these to the program. The questionnaires 
were scored and used as both a data base and a source 





7.78 2.76 3.52% 
10.98 3.12 0.60 
8.33 3.70 3.40* 
7.35 3.36 1.32 
9.54 3.59 10.767 
9.49 2.86 6.087 
8.64 3.38 l 4.87t 
5.75 3.53 1.08 
10.19 4,3] 1.06 
10.92 3.11 ° 0.91 
152 4.16 0.76 
7.41 4.03 5.607 
5.46 3.66 3.657 
8.90 3.67 4.177 
7.82 4.73 3.657 
8.18 3.57 3.707 
9.28 3.63 4.177 
7.52 3.75 0.13 
5.64 3:73 2.79 
10.25 3.26 i 7.18f 
0.48 0.72 0.34 
10.78 3.00 7.65t 


of information for the clinical interview. On assessment 


-day, couples were engaged in a structured interview 


designed to assess their attitudes to and preparation 
for the in vitro fertilization program. Interpretation of 
the assessment information was undertaken, concerns 
about psychological responses to the in vitro fertiliza- 
tion process were discussed, and, where appropriate, 
improved modes of coping were considered. Another 
use of the interview was to substantiate the question- 
naire data. As there was high concordance for all par- 
ticipants between questionnaire and interview re- 
sponses, no data were excluded because they were ques- 
tionable. 


Results 


Characteristics of the sample. The mean age of the 
group was 32 years and the socioeconomic status of the 
group was 5.5 on the Hollingshead scale of social status 
(Hollingshead AB. Four factor index of social status. 
New Haven: Department of Sociology, Yale University, 
1975, unpublished manuscript.). A mean income of 
$40,000 was reported for couples. Thirty-five percent 
of the group reported education beyond high school, 
of which 15% graduated from a university. Overall, the 
mean educational level of the group was completion of 
grade 12. Twenty-six percent of the group reported 
themselves as Protestant in their religious preference, 
26% Catholic, 1% Jewish, and 49% other or none. 
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Table IV. Comparison of the in vitro fertilization group with the normative data for selected scales of the 
Quality of Life Questionnaire 










Normative group 


In vitro 
fertilization group 


Material well-being 10.00 1.54 | 9.55 1.93 2.90 
Personal growth 9.60 2.03 8.46 2.40 5.78* 
Marital relations 10.44 1.80 8.64 2.83 8.55% 
Parent-child relations 8.75 2.20 7.94 2.56 2.78 
Extended family relations 9.33 2.50 7.99 2.94 5.53* 
Extrafamilial relations 8.74 4.08 7.71 2.50 3.43* 
Job characteristics 8.77 2:32 7.60 2.99 4.51* 
Occupational relations 8.54 2.77 7.89 2.96 2.18 
Job satisfiers 7.97 2.56 6.62 2.97 4.81* 
Creative-aesthetic behavior 6.33 2.44 6.11 2.54 1.00 
Sports activity 5.90 2.90 5.90. 3.25 0.00 
Vacation behavior 9.17 2.07 8.35 3.37 3.30f | 
Social desirability 8.30 2.10 7.65 2.37 3.26 

*p < 0.01. 

Tp < 0.05. 


Table V. Means and standard deviations for 
the in vitro fertilization group on coping and 
social support measures 


Ways of coping 


Problem-focused coping 13.08 6.65 
Wishful thinking 5.22 3.42 
Distancing 4.85 3.04 
Seeking social support 8.69 4.58 
Emphasizing the positive 5.05 2.87 
Self-blame 1.34 1.68 
Tension reduction 1:52 1.55 
Self-isolation 1.98 1.84 
Inventory of socially sup- 79.80 18.52 


portive behaviors 


Twenty percent of the group had been previously mar- 
ried and divorced, and 1% was widowed. Couples re- 
ported a mean of 0.4 children for their current re- 
lationship and 0.3 for a previous relationship. This 
compares with a national average of 1.3 children per 
couple. In order of priority, couples endorsed the fol- 
lowing as important reasons for wanting a child: strong 
desire, 82%; belief in their own ability to provide good 
parenting, 64%; desire of spouse for a child, 58%; and 
life incomplete without children, 33%. 

Family environment. Compared with the normative 
sample for the Family Environment Scale, the in vitro 
fertilization couples indicated significantly greater or- 
ganization, cohesion, expressiveness, and a stronger 
moral-religous emphasis in their relationship (see Ta- 
ble I). In contrast they reported significantly lower 
levels of conflict, control, and intellectual-cultural ori- 
entation. 

Personality. Women and men in the in vitro fertil- 


ization group, in comparison with the normative sam- 
ple of the Personality Research Form-E, reported a sig- 
nificantly higher need for cognitive structure, harm 
avoidance, nurturance, and order (see Tables II and 
I). Conversely they indicated a significantly lower 
need for autonomy, change, play, sentience, and un- 
derstanding. Both women and men responded to the 
Personality Research Form-E in a more socially desir- 
able manner. _ 

Quality of life. Couples in the in vitro fertilization 
group did not differ from the North American nor- 
mative sample in overall life satisfaction, general affect, 
or overall well-being. On the more specific Quality of 
Life Questionnaire they reported higher levels of per- 
sonal growth, marital relations, extended family rela- 
tions, extrafamilial relations, job characteristics, job 
satishers, and vacation behavior than the normative 
group (see Table IV). Again, increased social desir- 
ability bias in responding was observed. 

Coping and social support. Comparable normative 
data for the coping and social support measures were 
not available. The means and standard deviations for 
these measures are shown in Table V. That coping and 
social support activities are effective is demonstrated 
by the fact that men and women in the in vitro fertil- 
ization group do not differ from normal samples with 
respect to depression (see Table VI}. With respect to 
anxiety the women do not differ from the normative 
sample, and the men are significantly less trait and state 
anxious than the normal sample. 


Comment 

The findings of this investigation relate to an organic 
sample only; hence they cannot be generalized to all 
in vitro fertilization candidates. As well, respondents 
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Table VI. Comparison of women and men in the in vitro fertilization group with the normative data for 
the State-Trait Anxiety Inventory 










In vitro 
fertilization group 


Normative group 


10.42 35.20 10.61 1.61 
8.24 34.79 - 4,22 0.76 
5.69 5.82 5.27 1.84 
8.41 35.72 10.40 5.23* 
8.17 34.89 9.19 2.487 
6.37 3.97 3.94 0.86 


Normative data for the State-Trait Anxiety Inventory are from Spielberger'> and for the Beck Depression Inventory are 


Women 
State anxiety 33.4] 
Trait anxiety 35.49 
Beck Depression Inventory 4.40 
Men 
State anxiety 31.15 
Trait anxiety 32.87 
Beck Depression Inventory 3.26 
from Lips.’ 
*p < 0.01. 
tp < 0.05. 


evidenced some bias toward socially acceptable re- 
sponding, possibly because of their concern that they 
be psychologically acceptable for an in vitro fertilization 
program. A further limitation in the interpretation of 
the current findings is the lack of a relevant control 
group. However, definition of a control group for an 
in vitro fertilization population is difficult in that few 
other stressful life events: (1) continue for the length 
of time encompassed by an infertility problem, (2) have 
a comparable probability of success, and (3) involve an 
invasive procedure. Finally the data for coping and 
social support are included for descriptive purposes 
only, as these instruments lack normative data at this 
time. Despite these limitations, the investigation of psy- 
chological characteristics of in vitro fertilization couples 
reveals information about the functioning of these cou- 
ples, and this can be utilized in developing support 
programs to complement their emotional needs. 

In this study couples presenting for in vitro fertil- 
ization—embryo transfer treatment exhibited closer 
marital relationships, a more conservative approach to 
life, a higher quality of life, and emotional adjustment 
and coping comparable to that of a normal population. 
Many of these couples have attempted resolution of 
their infertility during a period of many years. Hence 
it is possible that the characteristics and coping strat- 
egies they exhibit result from their experiences in seek- 
ing resolution of their infertility. 

The marital relationship of these couples is one of 
openness, support, and warmth, with clear lines of mar- 
ital organization and little concern about control. Al- 
though considerable attention has been given to the 
negative effects of infertility,” this has not been accom- 
panied by investigation of the positive aspects of those 
relationships that survive infertility. It is conceivable 
that as a result of confronting their infertility couples 
develop a fuller, richer relationship that can be utilized 


as a source of strength during an in vitro fertilization 
treatment. 

Couples entering in vitro fertilization programs have 
been investigated for psychopathologic conditions and 
there is evidence that these exist.* 6 However, the ma- 
jority of couples entering an in vitro fertilization pro- 
gram will present with normal personality functioning. 
While some programs may wish to screen for this, the 
low level of psychopathologic findings in the current 
sample (1%) suggests that concentration on personality 
styles and coping mechanisms rather than psycho- 
pathologic conditions may prove more profitable in as- 
sisting couples to cope with stress as they proceed 
through an in vitro fertilization program. In the cur- 
rent study, couples undergoing in vitro fertilization 
presented as serious individuals with high needs for 
orderly, predictable, threat-free environments that of- 
fer them opportunity for support. 

Since many aspects of the in vitro fertilization attempt 
are unpredictable (medication response, egg retrieval, 
fertilization, and outcome), it is likely that many of these 
couples will find themselves in an environment that is 
not complementary to their personality needs. To rec- 


. tify this, in vitro fertilization programs could provide 


couples with accurate and adequate information about 
what might occur at any and every stage of the in vitro 
fertilization process. The degree to which a program 
provides structure through information meetings, au- 
dio-video tapes, literature, and availability of well- 
trained staff may well determine the degree of stress 
that couples experience as they proceed through an 
in vitro fertilization program. 

The findings from the Quality of Life Inventory in- 
dicate that, despite the lack of fulfillment of their desire 
for children, infertile couples develop an above-aver- 
age quality of life. Possibly the time and expense that 
would otherwise be expended on children are directed 
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toward activities that are personally rewarding and 
meaningful. 

Normal depression and anxiety levels were unex- 
pected in this population, in view of the distress that 
has been attributed to infertility’ and the stress that is 
associated with the in vitro fertilization treatment. The 
participants in this study showed low levels of depres- 
sion that were comparable to those of the nonpregnant 
women and nonexpectant men in the Canadian sample 
studied by Lips.’ Given the anticipation of a potential 
solution to their infertility problem, a lack of depression 
in this population is reasonable before entry into the 
program. When compared with participants in the 
study of Dennerstein and Morse,” women in the pres- 
ent organic sample showed lower levels of both trait 
and state anxiety than their organic and idiopathic 
groups. In the current study, the sample size and par- 
ticipation rate suggest that it is appropriate to conclude 
that 3 months before entry into the program trait and 
state anxiety are within normal limits for women seek- 
ing in vitro fertilization for organic reasons. In the 
study by Dennerstein and Morse,” high levels of an- 
xlety were reported for the organic and idiopathic 
groups. However, it is unclear whether these levels of 
anxiety differed significantly from those of the nor- 
mative sample. Further, their small sample size and 
method of sampling may have resulted in atypical 
groups. This possibility 1s partially supported by the 
fact that their female sample was characterized by a 
long history of hospitalizations extending back to child- 
hood and a 26% rate of previous psychiatric involve- 
ment. These were not the characteristics of the current 
sample. It is important, however, to note that couples 
completed the questionnaires for the current study 3 
months before their entry into the program. It is pos- 
sible that anxiety levels might have increased by the 
time of the actual attempt. 

The use of problem solving as a coping strategy has 
been associated with normal levels of emotional respon- 
sivity,'* and certainly problem solving was endorsed 
as a prime coping strategy by in vitro fertilization par- 
ticipants in this study. However, recent research on cop- 
ing and emotions indicates the need to view these vari- 
ables as process rather than static variables.” Thus fur- 
ther research is needed to evaluate both coping 
strategies and emotional levels of in vitro fertilization 
participants as they proceed through in vitro fertiliza- 
tion attempts. 
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Couples who enter in vitro fertilization programs are 
more likely to face negative outcomes than positive ones 
and therefore will be required to cope with the emo- 
tional distress associated with a negative outcome. On 
the basis of experience with the current program, iden- 
tification of psychological characteristics of in vitro fer- 
tilization participants permits the development of ap- 
propriate programming and staff support. As well, 
knowledge of psychological characteristics of this pop- 
ulation may result in a better understanding of why 
some couples undergoing in vitro fertilization proceed 
to a successful pregnnacy but others do not. 
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Detecting changes in functional ability in women with 


premenstrual syndrome 


Barbara W. Posthuma, O.T.(C), M.Ed., Martin J. Bass, M.D., Shelley B. Bull, Ph.D., and 


Jeffrey A. Nisker, M.D. 
London, Ontario, Canada 


There has been a lack of objective assessment of the disruptive effect that the symptomatology of 
premenstrual syndrome has ön the functional performance of affected women. This study assessed the 
functional performance of women with premenstrual syndrome at four phases of the menstrual cycle. 
Twelve women with premenstrual ‘syndrome and nine asymptomatic women were tested on four functional 
instruments at the menstrual, early follicular, early luteal, and late luteal phases. Two tests ofa 
paper-and-pencil type measured perceptual parameters, and two tests involving manipulation of objects 
measured manual dexterity. Mean performance on the Crawford Small Parts Dexterity Test—Part I, which 
tests fine motor function, was better at the late luteal testing, compared to the early follicular testing, in 
asymptomatic women but was worse in the women with premenstrual syndrome. This difference was 
statistically significant (p = 0. 015). No significant differences between groups in performance changes 
were observed for the other functional tests. The Crawford Small Parts Dexterity Test~Part II is an 
objective measure that is potentially valuable in therapeutic trials involving patiénts with premenstrual 


syndrome. (AM J OesteT GYNECOL 1987;156:275-8.) 


Key words: Premenstrual syndrome, functional abilities, manual dexterity 


Women with premenstrual syndrome experience 
both psychological and somatic symptomatology.’ The 
question has been raised whether such symptoms may 
impact on the ability of women to function in the work 
place.” Certain functional abilities have been assessed 
throughout the menstrual cycle in normal women. 
Although significant cyclic changes were not found in 
reaction times, Kopell et al. observed that time esti- 
mation varied significantly and Stocker® found vari- 
ability in fine and gross motor performance in normal 
women over the menstrual cycle. The present study 
was conducted to identify a test that objectively mea- 
sured changes in functional ability and then to compare 
the functional ability of women with premenstrual syn- 
drome to that of unaffected women. 


Subjects and methods 


Subjects who were recruited through newspaper and 
bulletin board advertisemerits as well as physician re- 
ferral were required to meet the following initial cri- 
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teria: (1) were 28 to 40 years of age; (2) had at least 
one viable pregnancy; (3) were not taking medications; 
(4) were free of any manual handicap; (5) had regular 
menstrual cycles of 26- to 30-day intervals. Then, with 
use of a symptom questionnaire, subjects rated their 
emotional symptoms (weepy, depressed, lose temper, 
irritable, bitchy) and their somatic symptoms (head- 
ache, fatigue, bloating, breast swelling, cramping, pain) 
from absent to marked on a four-point scale through- 
out the menstrual cycle. Women who experienced mod- 
erate or severe symptoms (ratings of 2 or 3) in the luteal 
phase; which markedly diminished with the menses 
(ratings of 0 or 1), were considered to be potential 
premenstrual syndrome subjects. Women with mild or 
absent symptoms throughout the cycle (ratings of 0 
or 1) were accepted as potential control subjects. 

To further verify the diagnoses of premenstrual syn- 
drome, all subjects kept a daily diary, recording symp- 
toms and basal body temperatures over two complete 
menstrual cycles. All diaries were then reviewed in a 
blinded fashion by one of us (J. A. N.); who categorized 
the subjects as definitely having premenstrual syn- 
drorne, definitely not having premenstrual syndrome, 
or uncertain. During these 2 months 12 of 28 potential 
premenstrual syndrome subjects consistently rated 
their symptoms throughout predictable ovulatory men- 
strual cycles as miarked or severe in the late luteal phase 
and as absent or mild immediately following the onset 
of menses. These 12 subjects were then accepted with 
reasonable assuredness as having premenstrual syn- 
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Table I. Changes in performance between 
early follicular and late luteal testings of 
women with premenstrual syndrome 
compared to control group 






Instrument 


MacQuarrie Test for Mechanical 3 1.66 
Ability 

Revised Minnesota Paper Form Board 0.11 

Minnesota Rate of Manipulation 0.18 

Crawford Small Parts Dexterity Test 5.14* 

Crawford Small Parts Dexterity 7.177 
Test— Part II 

*p < 0.05. 

tp < 0.01. 


drome. The accepted premenstrual syndrome subjects 
all demonstrated both somatic and psychological symp- 
toms, at least one of which was rated as severe. Of 15 
potential control subjects, nine who had consistently 
recorded absent or mild symptoms throughout pre- 
dictable ovulatory menstrual cycles were considered to 
be free of premenstrual syndrome and were accepted 
as controls. 

Four functional instruments were chosen for assess- 
ment. The MacQuarrie Test for Mechanical Ability’ 
and the Revised Minnesota Paper Form Board? are pa- 
per-and-pencil tests that measure perceptual parame- 


ters. The Crawford Small Parts Dexterity Test’ and the . 


Minnesota Rate of Manipulation Test’? require subjects 
to handle objects singly or in combination and measure 
manual dexterity. All these tests have been standard- 
ized, and norms are available for many groups. 

Subjects completed all four tests at four specific 
phases over the menstrual cycle: (1) initial menstrua- 
tion, days 3 to 5; (2) early follicular, days 6 to 9; (3) 
early luteal, days 17 to 21; (4) late luteal, days 25-28; 
they then had a second menstrual assessment. Two dif- 
ferent orders of the four test presentations were estab- 
lished and assigned in turn within each group. The 
tester was blind to the status of each subject. 

A general framework for analysis was provided by 
the repeated-measures analysis of variance model," ? 
This modél permitted comparison of the two groups 
with respect to changes between menstrual phases while 
taking into account the fact that measurements were 
repeated on each subject on several occasions. The rel- 
ative magnitude of individual variance as expressed in 
the intraclass correlation coefficient provided an esti- 
mate of reliability." The model assumptions of spher- 
icity were also confirmed. There was no evidence of 
order effects. 


Results 


Of the four instruments investigated, only the Craw- 
ford Small Parts Dexterity Test showed a significant 
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difference between women with premenstrual syn- 
drome and control subjects (p < 0.05). A decrease in 
functional performance was observed for premenstrual 
syndrome subjects in the late luteal phase response rel- 
ative to that at the early follicular phase testing, when 
compared with control subjects (Table I). Part II of the 
Crawford Small Parts Test (with a reliability coefficient 
of 0.66) was primarily responsible for the significant 
interaction {p = 0.015) between clinical group and 
menstrual phase (Fig. 1). Initially this test took a mean 
of 10 minutes, 45 seconds to complete with a range of 
8 minutes, 27 seconds to 12 minutes, 45 seconds. The 
standard error bars in Fiz. 1 are given to indicate the 
level of variability in the scores but are not appropriate 
to make comparisons between groups because of the 
repeated-measures design. | 

Although there were significant learning effects for 
all the tests, there was no evidence of differences in 
learning effects between the two groups. The group by 
phase interaction was nonsignificant in an analysis of 
variance model that included the scores at the two men- 
strual phases and the early follicular phase. 

The two groups were similar in the mandated age 
and pregnancy categories but were nonsignificantly dif- 
ferent in smoking status and occupation, which could 
account for the differences in group scores at baseline. 
The effects of full-time employment compared to part- 
time employment or homemaker status was controlled 
for in order to assess the influence of life circumstances 
on the results. On stratification for working status, the 
difference between cases and controls persisted in the 
score changes between the two phases. 

The distribution of individual subject dexterity 
changes for the Crawford Small Parts Dexterity Test— 
Part IL between the early follicular and late luteal 
phases is illustrated in Fig. 2. A positive value indicates 
an improvement In score whereas a negative value in- 
dicates a worsening in score. Because of learning ef- 
fects, the score changes tend to be positive. With use 
of zero as a cut-off value, a sensitivity of 58% and a 
specificity of 78% were obtained. It should be noted 
that of the nine subjects who scored lower at the luteal 
phase, all seven premenstrual syndrome subjects had 
decreases of >30 units while the two subjects without 
premenstrual syndrome had decreases of <15 units. 

Post hoc power analysis on the other three instru- - 
ments indicated that the sample size was large enough 
to detect group differences in mean score changes of 
one standard error with power of at least 80%. Esti- 
mates of reliability for the four instruments ranged 
from 0.65 to 0.80, which are comparable to those re- 
ported in the literature. 


Comment 


Classic premenstrual syndrome presents as a com- 
bination of somatic and psychological symptoms during 
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Fig. 1. Group mean profiles of subjects with premenstrual syndrome (W) and controls (4) for the 
Crawford Small Parts Dexterity Test--Part II. Bars indicate standard error of the group means. 
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Fig. 2. Distribution of individual score changes in Crawford Small Parts Dexterity Test—Part II 
between the early follicular and late luteal phases of subjects with premenstrual syndrome (®) and 


controls (0). 


the late luteal phase of the menstrual cycle, with an 
amelioration of symptoms during menses. In the pres- 
ent study women with premenstrual syndrome did not 
demonstrate the learning effect in performance on the 
Crawford Small Parts Dexterity Test—Part II found in 
the control subjects between the early follicular and the 
late luteal phase of the cycle. In fact, their performance 
decreased between these two phases. This test requires 
manual dexterity in the form of bilateral coordination, 
balance, concentration, control, and perseverance as 36 
small screws are turned into a board with a narrow 
slotted screwdriver. 

The other functional tests did not show differences 
between the groups in mean score changes. The move- 


ments involved in the Minnesota Rate of Manipulation 
Test require more gross motor performance than fine 
motor performance. Similarly, the three subtests of the 
MacQuarrie test assessing mechanical ability do not re- 
quire bilateral coordination or fine balance aiid control 
as does the Crawford Small Parts Dexterity Test— 
Part II. In addition; since the MacQuarrie tests are 
shorter in duration, they are less likely to produce fa- 
tigue or frustration or to require the same degree of 
perseverance. The other subtests of the MacQuarrie 
test along with the Revised Minnesota Paper Form 
Board primarily test spatial relationships that, based on 
the present results, do not appear to be disrupted by 
the menstrual cycle fluctuation. 
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Zimmerman and Parlee,* with use of normal sub- 
jects, tested arm-hand steadiness, reaction time, gal- _ 


vanic skin response, time estimation, and digit-symbol 
substitution, observing that only the arm-hand steadi- 
ness test showed statistically significant fluctuations over 
the phases of a menstrual cycle. These normal subjects 
showed decreased steadiness during the premenstrual 
phase when compared with the early luteal phase. 
Functional ability over the menstrual cycle has been 
tested i in normal women and generally only i in a stim- 
ulus-response situation.** 18 For the most part these 
studies do not demonstrate a relationship between per- 
formance and menstrual phase." *'*!* It may.be argued 
that one might expect subjects to display. higher func- 
tional abilities in a stimulus-response test than one 
would find in a self-motivating response situation. For 
example, in the Crawford Small Parts Dexterity Test- 
Part II, the subject must rotate small screws into a 
board; since there are no signals for each movement, 
the subject must motivate herself to perform the task. 
In a stimulus-response test the subject is prodded to 
perform by the stimulus so’ there would be increased 


performance because of reflex action. A self-motivating ` 


type of test, such as the Crawford Small Parts Dexterity 
Test, may represent a more realistic facsimile of daily 
functional abilities. 

This study has identified a test that is sensitive to 
decreased bilateral fine motor function in women with 
premenstrual syndrome during the late lutea} phase of 
the cycle; while showing no such phase effect in normal 


women. Only i in this'one bilateral fine motor area.did’ 


women with premenstrual syndrome demonstrate less 


functional ability than normal women. Because of the 


limited number of subjects in this pilot study it was not 
possible to explore fully whether there are subgroups 
of the subjects with premenstrual syndrome who are 
differentially affected. The Crawford Small Parts Dex- 
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terity Test—Part II is an obiective measure that is po- 
tentially valuable in therapeutic trials involving patients 
with premenstrual syndrome. 
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Endocrine changes after laparoscopic ovarian cautery in 


polycystic ovarian syndrome 


Ellen Greenblatt, M.D., and Robert F. Casper, M.D. 
London, Ontario, Canada 


Recently, laparoscopic ovarian cautery has been described as a method of ovulation induction in women 
with polycystic ovarian disease. In an attempt to determine the mechanism of action, serum levels of 
androstenedione, testosterone, luteinizing hormone, follicle-stimulating hormone, and estradiol were 
determined before and after the laparoscopic ovarian cautery in six wamen with polycystic ovarian disease 
who had failed to ovulate with clomiphene citrate and human chorionic gonadotropin. Six regularly cycling 
women undergoing laparoscopy for investigation of infertility or tubal ligation served as controls. In patients 
with polycystic ovarian disease but not in controls, serum androstenedione, testosterone, estradiol, and 
luteinizing hormone significantly decreased to nadir levels on postoperative days 3 and 4. In contrast 
follicle-stimulating hormone levels rose after operation. These results resemble those reported after 
ovarian wedge resection. Of the six treated women, five ovulated postoperatively and four conceived. 
Laparoscopic ovarian cautery appears to be a promising alternative treatment for patients with polycystic 
ovarian disease in whom initial medical management fails. (Am J OssteT GYNECOL 1987;156:279-85.) 


Key words: Polycystic ovary, laparoscopy, ovarian cautery 


Patients with chronic anovulation because of poly- 
cystic ovarian disease generally respond to clomiphene 
citrate administration for induction of ovulation. How- 
ever, even with the use of increasing doses of clomi- 
phene with or without the addition of human chorionic 
gonadotropin, 10% to 15% of women remain anovu- 
latory.' For these patients, ovulation induction can be 
difficult, requiring parenteral treatment with human 
menopausal gonadotropin—human chorionic gonado- 
tropin or pure follicle-stimulating hormone, both of 
which are costly and require careful hormonal and ul- 
trasound monitoring to prevent a significant incidence 
of ovarian hyperstimulation. 

Alternatively, surgical treatment by ovarian wedge 
resection, although successful in inducing ovulatory cy- 
cles,? has largely been abandoned because of the need 
for laparotomy and the potential for development of 
pelvic adhesions.’ Although not thoroughly investi- 
gated, recent work suggests that application of micro- 
surgical techniques for ovarian wedge resection may 
again render this treatment acceptable.’ The mecha- 
nism by which ovarian wedge resection can induce ovu- 
lation is unclear; however, investigations of hormonal 
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changes after operation have demonstrated dramatic 
decreases in serum androgen levels together with 
equivocal changes in estradiol and luteinizing hormone 
levels.” ê Recently a less extensive surgical technique 
involving laparoscopic ovarian cautery has been de- 
scribed for the treatment of anovulation in patients with 
polycystic ovarian disease.’ Clinical results appear 
promising with a high rate of successful ovulation and 
conception occurring without the need for intensive 
patient monitoring. 

The present study was proposed to evaluate the clin- 
ical and hormonal response to laparoscopic ovarian 
cautery in a selected group of women with polycystic 
ovarian disease who consistently failed to ovulate with 
clomiphene citrate and human chorionic gonadotro- 
pin. In particular, we examined serum levels of testos- 
terone, androstenedione, estradiol, follicle-stimulating 
hormone, and luteinizing hormone before and after 
ovarian cautery to determine if changes similar to those 
after ovarian wedge resection occurred. 


Material and methods 


Six women between the ages of 23 and 36 with clinical 
and biochemical findings consistent with polycystic 
ovarian syndrome were studied. Criteria for inclusion 
were the following: infertility secondary to anovulation 
as indicated by amenorrhea, elevated serum luteinizing 
hormone levels and normal to low serum follicle-stim- 
ulating hormone levels relative to follicular phase val- 
ues in normal women, clinical evidence of androgen 
excess (acne, hirsutism), and slightly elevated androgen 
levels (androstenedione and testosterone). All patients 
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Fig. 1. Polycystic ovary before (left) and after (right) laparoscopic ovarian cautery. 


Table I. Patient profiles 





3] Primary 4 years 154.6 78.6 Moderate 2.45 2.02 3.49 
36 Secondary 2⁄2 years 154.2 77.9 2.38 0.98 4.24 
25 Primary 6 years 163.2 59.8 Moderate 6.69 1.26 5.79 
23 Primary 2 years 164.6 61.9 Moderate 2.42 1.40 4.32 
25 Primary 2 years 160.7 62.2 Moderate 3.69 0.72 3.40 
24 Primary 2 years 161.2 68.0 Moderate 5.53 0.75 6.96 





LH = Luteinizing hormone; FSH = follicle-stimulating hormone; T = testosterone; A = androstenedione. 


had failed to ovulate after increasing doses of clomi- 
phene citrate up to a maximum of 150 mg per day 
with the addition of human chorionic gonadotropin 
(5000 IU) on day 16 for at least three cycles. The clinical 
characteristics of these women are shown in Table I. 
All were being considered for treatment with human 
menopausal gonadotropin. This study was approved 
by the University of Western Ontario health sciences 
committee on human research and informed consent 
was obtained. 

Laparoscopic ovarian cautery was performed with 
the use of a three-puncture technique. The laparoscope 
was introduced through a subumbilical incision and a 
grasping forceps was introduced suprapubically to sta- 
bilize the ovary by grasping the ovarian ligament. After 
assessment of the pelvic structures and tubal patency, 
laparoscopic scissors connected to a unipolar electro- 
cautery unit were inserted through a third puncture 
site in the lower abdomen. Eight to ten cautery points 
3 to 4 mm in diameter were created in each ovary 
(Fig. 1) with a current of 4 mA applied through the 
laparoscopic scissors. Cautery was continued until pen- 
etration of the ovarian capsule and cortex was achieved. 


The women were studied before and after operation 
to assess serum levels of the following hormones: lu- 
teinizing hormone, follicle-stimulating hormone, estra- 
diol, androstenedione, testosterone, and progesterone. 
Blood samples were drawn before operation, daily after 
operation for 2 weeks, and then every 2 days for a total 
of 4 weeks or until the first menses. All patients were 
evaluated clinically for up to 18 months. 

Six regularly cycling control subjects aged 21 to 33 
were selected from women undergoing either diag- 
nostic laparoscopy or laparoscopic tubal ligation for 
study of the effects of anesthesia and laparoscopy on 
the serum levels of the above hormones. Two patients 
were in the early follicular phase and four were in the 
luteal phase. One preoperative and seven daily post- 
operative blood samples were obtained. 

Blood samples were allowed to clot at room temper- 
ature and the serum was separated and frozen at 
— 20° C until assayed. All samples from each patient 
were run in the same assay. Serum levels of 178-estra- 
diol and progesterone were determined by previously 
described radioimmunoassay techniques.** Luteinizing 
hormone and follicle-stimulating hormone (Amer- 
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sham, Oakville, Ontario, Canada; double-antibody io- 
dine 175 radioimmunoassay) and androstenedione and 
testosterone (Diagnostic Products Corp, Los Angeles, 
California; solid-phase iodine 125 radioimmunoassay) 
were measured with the use of commercially prepared 
kits. Scudent’s ¢ test and analysis of variance were used 
to analyze the data. 


Results 


There were no complications from the laparoscopic 
ovarian cautery and all patients were discharged home 
within 3 hours. Five of the six patients ovulated and 
menses occurred between 24 and 33 days after oper- 
ation. Four continued to have regular menses and all 
of these women became pregnant. One patient ovu- 
lated only once after operation and then became amen- 
orrheic but responded to clomiphene citrate, 50 mg, 
and is ovulating regularly on this dosage. At the time 
of laparoscopy, this patient had unilateral tubal occlu- 
sion and minimal pelvic adhesions on the same side. 
One patient did not respond and was treated with hu- 
man menopausal gonadotropin. 

Serum concentrations of androstenedione and tes- 
tosterone before operation and in the first 10 days after 
operation in the patients with polycystic ovarian disease 
are shown in Fig. 2. Before operation, the mean 
(+ SEM) serum androstenedione level was 4.77 + 0.69 
ng/ml and that of testosterone was 1.16 + 0.15 ng/ml. 
A rapid and significant (p < 0.01) decrease in the lev- 
vels of both hormones occurred after operation, with 
nadir values of 1.95 + 0.4 and 0.57 + 0.1 ng/ml 
reached on days 4 and 3, respectively. Serum concen- 
trations of luteinizing hormone, follicle-stimulating 
hormone, and estradiol are shown in Fig. 3. After ovar- 
ian cautery, a fall in the serum luteinizing hormone 
level from 37.6 + 3.2 mIU/ml before operation to 
27.7 + 2.5 mIU/ml (p < 0.05) on day 3 was seen and 
was followed by a preovulatory surge in five of the six 
patients. In contrast, the follicle-stimulating hormone 
levels were seen to rise from a preoperative value of 
5.27 + 0.37 mIU/ml to a peak on postoperative day 2 
(p < 0.01) of 7.43 + 0.83 mIU/ml before a return to 
preoperative values by day 10. Preoperative estradiol 
levels in the patients with polycystic ovarian disease 
were 90.2 + 5 pg/ml; values fell to a nadir of 50.7 + 
6.1 pg/ml (p < 0.01) on the fourth day after ovarian 
cautery. In contrast, control subjects had significantly 
(p < 0.01) lower preoperative androstenedione and 
testosterone levels (1.6 + 0.20 and 0.48 + 0.08 ng/ml, 
respectively), and these did not change after operation 
(Fig. 4). l 

Individual hormone responses in a single patient 
during her first ovulatory cycle demonstrates clearly 
the temporal sequence of events after laparoscopic 


Laparoscopic ovarian cautery 281 


ANDROSTENEDIONE (ng/ml) 





l. 
(A) see DAYS 
1 


TESTOSTERONE (ng/ml) 





ğü 4 0 2 4 6 8 io 
PREOP DAYS 


Fig. 2. Preoperative and postoperative serum androgen con- 
centrations in the six patients with polycystic ovarian disease 


_ undergoing ovarian cautery. Arrow indicates day of operation. 


A, Mean + SEM serum androstenedione concentrations be- 
fore operation and 10 days after operation. B, Mean + SEM 
serum testosterone concentrations before operation and 10 
days after operation. 


ovarian cautery (Fig. 5). The rapid fall in androgen 
levels after operation is dramatic and precedes changes 
in the other hormones. In the single patient who did 
not respond to ovarian cautery, declines in the concen- 
trations of serum androstenedione, testosterone, and 
estradiol were similar to those in the women who 
ovulated after the procedure, but no fall in the serum 
luteinizing hormone level was observed after opera- 
tion and the postoperative rise in follicle-stimulating 
hormone was slower and less marked. No preovula- 
tory peak of serum estradiol or luteinizing hormone 
occurred. 


Comment 

Treatment of infertility in polycystic ovarian disease 
is aimed at reversing chronic anovulation. This group 
of patients is one of the most sensitive to ovulation 
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Fig. 3. Preoperative and postoperative gonadotropin and estradiol concentrations in the six patients 
with polycystic ovarian disease undergoing ovarian cautery. Arrow indicates day of operation. A, 
Mean + SEM serum luteinizing hormone concentrations before operation and 10 days after op- 
eration. B, Mean + SEM serum follicle-stimulating hormone concentrations before operation and 
10 days after operation. C, Mean + SEM serum estradiol concentrations before operation and 10 


days after operation. 


induction with clomiphene citrate with response rates 
of 80% to 90%. For clomiphene citrate failures, the next 
line of treatment is generally human menopausal go- 
nadotropin and human chorionic gonadotropin with 
successful induction of ovulation in 75% to 95% of 
cases.’ However, human menopausal gonadotropin— 
human chorionic gonadotropin therapy is costly-and 
demands extensive monitoring to prevent the high in- 
cidence of hyperstimulation and multiple births in this 
group of women. 

An alternative means of ovulation induction involves 
ovarian wedge resection, which was popular at the time 
that the syndrome was described in 1935. Reports of 
the incidence of successful ovulation after ovarian 
wedge resection varies quite widely in the literature 
with a range of 6% to 95% and a mean of 80%.’ How- 
ever, ovarian wedge resection may not be a permanent 


cure for polycystic ovarian disease,’ and this treatment ` 


has fallen into disfavor because of the significant inci- 
dence of postoperative peritubal and periovarian adhe- 
sions, which has not been adequately reevaluated in 


light of more recent microsurgical techniques. The 
mechanism by which ovarian wedge resection induces 
ovulation is not known. Early investigators believed that 
a mechanical barrier to ovulation was removed by in- 
cision of the thickened ovarian capsule.” However, it 
is probable that this explanation is too simplistic and 
several investigators have studied the hormonal alter- 
ations associated with ovarian wedge resection in an 
attempt to determine the mechanism of action.* 6 The 
most consistent finding in these studies is a dramatic 
fall in serum androgen levels in the first few days after 
operation. Judd et al.® studied eight patients with 
polycystic ovarian disease undergoing wedge resection 
and described a dramatic decrease in serum andro- 
stenedione and testosterone concentrations occurring 
in the first 3 days after operation. A less dramatic but 
significant decrease in estradiol with a nadir on post- 
operative day 3 was also noted. No consistent postop- 
erative alterations in gonadotropins were observed. 
These investigators suggested that the decreased an- 
drogen levels may have removed an intraovarian block 
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to follicular maturation or that the hyperemia asso- 
ciated with postoperative inflammation allowed in- 
creased delivery of gonadotropins. Katz et al.,° in a 
study of two patients, described a similar decrease in 
testosterone after operation but also observed a de- 
crease in luteinizing hormone levels such that the ele- 
vated preoperative luteinizing hormone: follicle-stim- 
ulating hormone ratio was normalized. Katz et al. pos- 
tulated that the postoperative decrease i in estradiol and 
androgens eliminated a persistent positive feedback ef- 
fect of these steroids on the pituitary, allowing lutein- 
izing hormone levels to return to normal. The nor- 
malization of the follicle-stimulating hormone: lutein- 
izing hormone ratio may then allow follicular mat- 
uration to proceed. 

The present study was designed to characterize the 
hormonal effects of laparoscopic ovarian cautery as 
first described by Gjonnaess.’ In his report on 62 
women with polycystic ovarian disease, evidence of ovu- 
lation was demonstrated after ovarian cautery in 92% 
of patients. Of 35 women desiring pregnancy, 69% be- 
came pregnanit after cautery alone with a total of 80% 
conceiving after cautery or cautery with the addition 
of clomiphene. In a subsequent study, Asbjorn and 
Gjonnaess" measured hormonal alterations after lap- 
aroscopic ovarian cautery. These authors measured the 
same hormones | day after operation, weekly for 4 
weeks, and then periodically up to | year and docu- 
mented ovulation i in 72% of 59 women within 4 weeks 
of cautery. In contrast to the results of the present 
study, an immediate rise in luteinizing hormone 1 day 
after operation was seen and this was followed by a 
gradual fall to levels significantly below preoperative 
values by day 4..The follicle-stimulating hormone con- 
centrations in these ptients increased significantly on 
day 1 after operation. Serum concentrations of andro- 
stenedione, testosterone, and dihydrotestosterone fell 
significantly on, postoperative day 1 and by 4 weeks after 
operation they were still lower than pretreatment 
values. e #3 

In the present ia we have demonstrated a dra- 
matic fall in androgen levels in the early postoperative 
period that is in keeping with similar changes described 
after wedge resection. However, in contrast to the pro- 
cedure of wedge resection in which up to 50% of each 
ovary is removed, only a small percentage of the ovarian 
cortex and subcortical tissue is destroyed by ovarian 
cautery. An even smaller removal of ovarian tissue such 
as Occurs with laparoscopic ovarian biopsy can also oc- 
casionally induce ovulation in patients with polycystic 
ovarian disease.” 

Erickson et al. have demonstrated that dispersed 
granulosa cells from women with polycystic ovarian dis- 
ease, when supplemented with follicle-stimulating hor- 
mone, have the ability to aromatize androstenedione to 
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Fig. 4. Preoperative and postoperative serum androgen con- 
centrations in the six control patients undergoing laparoscopy. 
Arrow indicates day of operation. A, Mean + SEM serum an- 
drostenedione concentrations before operation and for I week 
after operation. B, Mean + SEM serum testosterone concen- 
trations before operation and for 1 week after operation. 
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estradiol, similar to that of cells from equal-sized fol- 
licles from normal ovaries. There does not therefore 
seem to be an inherent aromatase defect in the poly- 
cystic ovary but rather a relative lack of follicle-stimu- 
lating hormone. The hypothalamus and pituitary in 
patients with polycystic ovarian disease can also re- 
spond appropriately to steroid feedback signals." 
McNatty et al.’ have demonstrated the marked andro- 
gen-producing capacity of stromal tissue in polycystic 
ovaries, and follicular fluid from polycystic ovaries has 
been found to contain high concentrations of andro- 
gens.'* ° Therefore it is possible that local factors such 
as elevated intraovarian androgen levels may contribute 
to the inhibition of follicular development’® as seen in 
patients with polycystic ovarian disease. 
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Fig. 5. Example of the pattern of hormonal changes seen in one patient with polycystic ovarian 
disease treated with laparoscopic ovarian cautery up to the time of the first menses. A, Serum 
concentrations of luteinizing hormone (@), follicle-stimulating hormone (0), estradiol (0), and pro- 
gesterone (A) before and after operation. Note preovulatory rise in sérum estradiol level and lu- 
teinizing hormone surge. B, Serum concentration of androstenedione (@), and testosterone (©) before 
and after operation. Note marked fall in both androgen levels that preceded changes in levels of 


hormones in A. 


Trauma to the ovary in various forms (wedge resec- 
tion, ovarian biopsy, and cautery) may impair local pro- 
duction of androgens. A decrease in androgen levels 
may result in lowered peripheral conversion of andro- 
gen to estrogen and decreased positive feedback on 
luteinizing hormone production centrally. Negative 
feedback on follicle-stimulating hormone secretion may 
also be diminished, allowing follicle-stimulating hor- 
mone levels to rise. This may be secondary to a decrease 
in peripheral estrogens and possibly due to a décrease 
of inhibin from the cauterized ovary. Lower luteinizing 
hormone levels might then decrease stromal androgen 
production and along with increasing follicle-stimulat- 
ing hormone levels allow follicular development to pro- 
ceed on to ovulation. 

Our data support this hypothesis by demonstrating 
a drop in peripheral androgen levels preceding the fall 


in serum estradiol and luteinizing hormone levels. At 
the same time, follicle-stimulating hormone levels rise, 
in agreement with Katz et al., who noted a rise in 
follicle-stimulating hormone levels after ovarian wedge 
resection. One may speculate that the fall in local 
androgen levels and the decrease in the luteiniz- 
ing hormone: follicle-stimulating hormone ratio would 
then remove the block to follicular maturation and al- 
low progression to ovulation. 

In conclusion, our data demonstrate that laparo- 
scopic ovarian cautery is characterized by dramatic 
postoperative decreases in androstenedione and tes- 
tosterone as well as smaller but significant decreases in 
estradiol and luteinizing hormone. Follicle-stimulating 
hormone values rise after operation, and this contrib- 
utes to a decrease in the abnormally elevated luteiniz- 
ing hormone: follicle-stimulating hormone ratio. These 
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changes are not a result of anesthesia and laparoscopy 
alone. 

Preliminary clinical results are encouraging. Fur- 
thermore, the procedure is relatively simple, adds min- 
imal morbidity to diagnostic laparoscopy, and avoids 
the complication of hyperstimulation associated with 
human menopausal gonadotropin—~human chorionic 
gonadotropin therapy. Long-term effects aré as yet un- 
known and the duration of the clinical effects as well 
as biochemical effects remains to be determined. 
Larger numbers will have to be treated to ensure the 
safety of this procedure. Laparoscopic ovarian cautery 
holds promise for infertile women with polycystic ovar- 
ian disease who experience failure of initial medical 
management. 


We wish to thank Wendy Powell and Anne-Marie 
Powell for excellent technical and nursing assistance. 
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Human chorionic gonadotropin i increase in normal 


early pregnancy 


Salim Daya, M.B., Ch.B.* 
Hamilton, Ontario, Canada 


Serial determinations of human chorionic gonadotropin have been used in evaluating early pregnancies. 
This has been based on linear regression of logarithm- -transformed hCG levels. However, these levels are 
changing i in a curvilinear fashion as pregnancy advances. Consequently the ‘simple linear mode! does not 
provide a good fit to the data. To define more precisely the normal values for hCG increase, serial 
determinations were performed on serum samples obtained from 29 patients who were carrying normally 
advancing pregnancies. Gestational age was established with basal body temperature records. Three 
gestational age periods were identified each with a linear increase in hCG. This was translated into hCG 
doubling times and percentage increase over time. These tables may ‘be uséd to determine if an early 
pregnancy is advancing normally. (AM J OBSTET GYNECOL 1987;156: 286-90.) 


Key terms: Pregnancy, normal, early chorionic gonadotropin levels 


The development of laboratory assays for the detec- 
tion of pregnancy began almost 60 years ago with the 
PON of a time-consuming bioassay performed in 
mice.’ Since then it was discovered that human chori- 
onic gonadotropin (hCG) was the hormone produced 
in normal pregnancies and consequently a number of 
biologic, immunologic, and radioreceptor assays were 
developed to measure this hormone.” One significant 
development was an antiserum specific for the B-sub- 
unit of hCG, thereby allowing very low levels of the 
hormone to be detected without interference from lu- 
teinizing hormone.* This high level of sensitivity has 
enabled hCG to be detected by radioimmunoassay as 
early as 6 days after conception.‘ W ith increasing avail- 
ability of this assay the progress of early pregnancy can 
be monitored with serial determination of hCG." 

The majority of the reports in the literature have 
been based on calculating predicted i increases in hCG 
over time using linear regression of logarithmically 
transformed hCG levels in the first trimester. With use 
of this method it has been assumed that the rate of rise 
of hCG is constant in normal early intrauterine preg- 
nancies. However, hCG levels are constantly changing 
with the rate of rise decreasing as pregnancy advances 
until a plateau is reached at approximately 9 to 10 
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weeks’ gestation. Simple linear regression of log hCG 
does not adequately represent this change. Conse- 
quently the predictive value for normal pregnancy with 
use of doubling times based on this method may lack 
sensitivity. An attempt to improve this has been made 
with use of smaller sampling intervals of hCG. 

Regression analysis is used to establish whether a re- 
lationship exists between two variables. For a particular 
value of the independent variable, the regression line 
helps to predict a corresponding best estimate of the 
dependent variable. By plotting a series of hCG levels 
for each gestational age, a simple linear regression 
model can provide a best estimate for hCG level ata 
particular gestational age. Since hCG levels are increas- 
ing in pregnancy in a nonlinear way, this model is not 
suitable in providing estimates of hCG increase over time 
without the knowledge of gestational age. However, this 
has been the main focus in the literature. 

In this study, normal values for the rate of hCG in- 
crease in early pregnancy have been defined more pre- 
cisely and may improve the sensitivity and usefulness 
of serial determinations of hCG in the early detection 
of pathologic pregnancies. | 


Material and methods 


Patients undergoing evaluation and treatment at the 
Infertility Clinic at Chedoke-McMaster Hospital, Ham- 
ilton, Canada, were selected for this study after giving 
informed consent. Serial hCG determinations were 
performed on serum samples obtained from 29 such 
patients who had conceived and: were carrying normally 
advancing intrauterine pregnancies as confirmed by ul- 
trasonography. The. mean sampling interval was 3.8 
days. All these patients have since delivered healthy 
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Fig. 1. hCG increase in normal early pregnancy. Quadratic regression line equation is as follows: 
log hCG = —8.8695 + 0.6530 (gestational age) — 0.0052 (gestational age)’. Symbols correspond to 


the indicated number of data points. 


Table I. Polynomial regression analysis of early pregnancy hCG data* 


Regression modets 


Overall regression 





Straight line 985 

(p < 0.0001) 
Quadratic 1109 

(p < 0.0001) 
Cubic 738 

(p < 0.0001) 


*Total plotted values = 165. 


infants at term. Although some patients conceived 
spontaneously, most required therapeutic intervention 
in the form of homologous or heterologous insemi- 
nation, clomiphine citrate, human menopausal gonad- 
otropin, and/or human chorionic gonadotropin. Ges- 
tational age was established in all cases by the nadir on 
basal body temperature recordings. 
Radioimmunoassay. Patient serum was separated 
from clotted biood samples and stored at —20° C. 
Quantitative measurements of hCG were performed 
with use of a GammaDab M [iodine 125] B-subunit of 
hCG radioimmunoassay kit (Travenol-Genentech Di- 
agnostics, Cambridge, Massachusetts). The procedure 
is a competitive binding assay that uses a precipitating 
antiserum reagent generated against the B-subunit of 
the hCG hormone, I-labeled hCG, and a highly pu- 
rified preparation of hCG reagents as control (CA 
2426), standard (CA 22002, 22003, 22004, 22006, and 
22007) and calibrator/standard (CA 22005). The con- 


F values 


Improved predictive power 





With use of With use 
quadratic vs. of cubic vs. 
Lack of fit straight line quadratic 
2.22 
(p < 0.005) 176 
0.96 (p < 0.001) 
(p > 0.25) 0.74 
0.96 (p > 0.25) 
(p > 0.25) 


trol reagent is calibrated at 90 mIU/ml, the standards 
at 5, 10, 25, 100, and 200 mIU/ml, and the calibrator/ 
standard at 50 mIU/ml. The standards and control 
reagents are calibrated to the World Health Organi- 
zation’s immunoassay standard, the first international 
reference preparation 75/537 established in 1975, and 
labeled in international milliunits per milliliter. The 
values of the controls, standards, and patient serum 
can be converted directly from international milliunits 
per milliliter to international units per liter of standard 
international units. The calculated sensitivity of the as- 
say is 1 to 5 mIU/ml with <5 mIU/ml being taken as 
evidence for a nonpregnant state. The intrarun vari- 
ability determined from the mean of 20 simultaneous 
assays for three samples was 3.2% (range, 2.9% to 
3.6%), and the interrun variability determined from 
the mean of the average of duplicates for 20 separate 
runs was 7.4% (range, 6.5% to 9.0%). 

Statistics. Simple linear regression was performed 
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Fig. 2. Standardized scattergrams of residuals. A, Simple linear 
regression model. B, Quadratic regression model. Symbols cor- 
respond to the indicated number of data points. 


on the hCG levels for each patient. Three gestational 
age ranges were specified (given in the Results section) 
and within each one the mean and lower two standard 
deviations (SD) were calculated for the slope parame- 
ters. 


Results 


Since some of the patients had received hCG injec- 
tions to induce ovulation, clearance studies were per- 
formed to determine how rapidly 10,000 IU of this 
hormone could be eliminated from the body. Daily 
blood samples were taken for hCG determinations 
from three such patients. It was observed that hCG was 
no longer detectable 12 days after the initial adminis- 
tration of this hormone. Subsequently in such patients, 
blood samples for hCG were not drawn earlier than 12 
days after the last hCG dose. 

Fig. 1 represents a scattergram of log hCG plotted 
against gestational age. It can be seen that as gestational 
age advances, the hCG level increases until a plateau is 
reached at approximately 9 weeks’ gestation. The re- 
lationship appears to be a curvilinear one despite the 
logarithmic transformation. To determine which 
regression model would best fit the data, the following 
were tested: straight line, quadratic, and cubic. From 
Table I it is apparent that all models demonstrate a 
significant overall regression. However, when lack of 
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fit for each model is tested, the simple linear model is 
not appropriate (Fyyis; = 2.22, p< 0.005) whereas 
both the quadratic and cubic models are appropriate 
(Faia = 0.956, p > 0.25, and Fion: = 0.961, p > 0.25, 
respectively). The quadratic model provides signifi- 
cantly more predictive power than that provided by the 
straight line model (partial Fy ice = 176, p < 0.001). 
Also the higher order cubic model does not improve 
this predictive power of the quadratic model (partial 
Fine: = 0.738, p > 0.25) and is therefore not a suitable 
model to be used, since it is computationally more te- 
dious. The quadratic regression line is shown in Fig. 1. 
Fig. 2 shows the residuals plotted against gestational 
age for the straight line and quadratic models and 
clearly confirms the superiority of the latter model. 
These statistical analyses confirm that the rate of rise 
of hCG is not linear but follows a quadratic curve, that 
is, it decreases as gestational age increases until a pla- 
teau is reached. 

In view of this curvilinear relationship, gestational 
age was divided into three phases (Fig. 1) based on 
what appeared to be the most appropriate divisions 
when inspecting the scattergram. Polynomial regres- 
sion analysis for the best-fitting model was performed 
for each phase (Table II). In each of these phases, all 
three models demonstrated an overall regression that 
was significant and all models did not demonstrate a 
lack of fit indicating that all were appropriate. However, 
the higher order models did not improve the predictive 
power of the straight-line model. These results support 
the three divisions of gestational age and allow infer- 
ences to be made within each phase as hCG now in- 
creases in a linear fashion with gestational age. With 
this information, simple linear regression analysis was 
performed on hCG levels for each patient within each 
phase. The mean and lower 2 SD were calculated for 
the slope parameters in each phase (Table III). The 
mean and lower 2 SD of the doubling times were also 
calculated for each phase (Table IV) with use of the 
following formula: 


log 2 
slope 





Doubling time = 


Doubling times can be translated into a percentage 
increase in hCG over time for each phase and thereby 
provide normal values that may be clinically useful 
(Table V). 


Comment 


The application of radioimmunoassay to the detec- 
tion of hCG has provided a very sensitive and specific 
test that allows the early detection of pregnancy. As this 
test is becoming more readily available, it is increasingly 
being used to determine whether an early pregnancy 
is advancing normally. This is particularly useful in 
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Table II. Polynomial regression analysis of early pregnancy data per gestational phase 


Linear regression models* Overall regression 


Phase It (n = 76) 


Straight line 384 
(p < 0.0001) 
Quadratic 190 
(p < 0.0001) 
Phase IIt (n = 74) 
Straight line 129 
(p < 0.0001) 
Quadratic 66 
(p < 0.0001) 
Phase IIt (n = 21) 
Straight line 5.98 
(p = 0.0244) 
Quadratic 2.95 
(p = 0.078) 


F vlaues 
Improved predictive power 
with use of quadratic vs. 

Lack of fit straight line 

1.53 
(p > 0.25) 0.19 

0.97 (p > 0.25) 
(p > 0.25) 

0.53 
(p > 0.25) 1.97 

0.44 (p > 0.1) 
(p > 0.25) 

0.67 
(p >0.25) 0.17 

0.77 (p > 0.25) 
(p > 0.25) 


*Cubic model was not included, since tolerance limits set at 0.0001 had been reached. 
tPhase I = Gestational age <41 days. Phase I] = 41-57 days. Phase II] = 57-65 days. 


Table OI. Straight line slope parameters for 
each gestational phase 


Phase 
Mean slope 0.358 0.146 0.0263 
Lower 2 SD 0.272 0.092 0.0213 


women who are at high risk for recurrent abortion and 
ectopic pregnancy and also in women who have symp- 
toms of uterine bleeding and/or lower abdominal pain. 
In these situations, serial hCG determinations are used 
as prognostic indicators of the status of the pregnancy. 
To distinguish between normal and ectopic pregnan- 
cies, it has been shown that measuring the rate of hCG 
increase in serum is a more effective method than use 
of hCG values alone.’ Several reports have indicated 
that the serum hGG levels in patients with ectopic preg- 
nancies are much lower than those seen in normal preg- 
nancies.° *"! However, this approach has significant lim- 
itations, since often the hCG levels may not be low but 
the rate of increase may be suboptimal.” It would ap- 
pear that serial hCG determinations would provide 
more useful information in such cases. 

The literature has focused on simple linear regres- 
sion of log-transformed hCG levels to evaluate early 
pregnancies. This has resulted in many normal preg- 
nancies being erroneously classified as advancing su- 
boptimallv (Daya S, unpublished observations). For ex- 
ample, the straight-line model for the hCG levels in this 
paper (before subdivision into phases) had a slope of 
0.199. The doubling time corresponding to this is 3.48 


Table IV. Doubling times for each 
gestational phase 


Phase 
Doubling time 1.94 4.75 26.36 
Lower 2 SD 2.55 7.53 32.54 


days. With use of this model, all of the patients who 
were sampled in phase 2 (gestational age, 41 to 57 days) 
would be considered as having abnormal hCG in- 
creases, since the mean doubling time in this phase was 
much longer (4.75 days). Similarly, Kadar et al.” pro- 
duced tables showing lower limits of the percentage 
increase in hCG between test samples drawn several 
days apart (for example, for a sampling interval of 2 
days the percent increase in hCG equals 66%). With 
use of these tables, many patients sampled in phase 2 
in this study again would be considered as having ab- 
normally advancing pregnancies. These interpretations 
are based on the assumption that hCG increases in early 
pregnancy at a constant rate. This study clearly shows 


.that the rate of rise of hCG is not constant but is grad- 


ually decreasing with advancing pregnancy. The fact 
that the quadratic regression model provides a better 
fit for the data than the simple linear regression model 
supports this observation. 

Many of the reports in the literature have used a 
cohort of patients to provide several samples in order 
to determine the rate of rise of hCG. This introduces 
both intrapatient and interpatient variability. The 
method used in this paper has attempted to reduce 


290 Daya 


Table V. Percentage increase in hCG over time* 


I 
(€41 days) 


Time interval 


February 1987 
Am J Obstet Gynecol 


Phase 
i HI 
(41-57 days) (57-65 days) 


betwee tests Increase Lower Increase Lower Increase Lower 
(days) (%) 2 SD (%) 28D (%) 28D 
l 43 30 17 10 2.7 2 
2 103 73 33 20 5.3 4.3 
3 193 127 53 33 8.3 6.7 
4 320 197 80 43 i] 9 
5 500 290 107 60 14 11.3 
6 757 410 140 73 | 17 13.7 
7 1127 570 177 90 ti 20.3 16 
intrapatient variability by use of the slope of hCG in- 2. Sheehan C. Current status of pregnancy testing. Am J 


crease in each patient to determine the normal values. 
This allows a more sensitive method of interpreting 
hCG increases in the pregnant population without hav- 
ing the bias of intrapatient variability. 

Division of the gestational age (from day 20 to 66) 
into three phases has provided a method of evaluating 
the progress in early pregnancy without violating the 
principles of regression analysis. The rate of rise is 
relatively constant in each of these phases. It is impor- 
tant to note that with use of regression analysis, one 
cannot ignore the gestational age in predicting the rate 
of rise of hCG. This is especially important in following 
the cases of women at high risk for spontaneous abor- 
tion and ectopic pregnancy so that important prog- 
nostic information can be provided. Similarly it may be 
especially relevant in infertile women who are known 
to be at high risk of having pathologic pregnancies and 
in whom gestational age is often known from basal body 
temperature graphs. In such patients the normal values 
presented in this paper would be very useful. To de- 
termine the minimum acceptable change in hCG re- 
quired to classify the pregnancy as one that is advancing 
normally, receiver operating characteristics curve anal- 
ysis will have to be performed. With use of this method 
the rate of change in pathologic pregnancies can be 
compared with normal pregnancies to determine the 
best “cut-off” that will be clinically useful as a prognostic 
indicator. 
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Prevalence of antibody to Chlamydia trachomatis 1 in 
spontaneous abortion and infertility 


P. A. Quinn, Ph.D., M. Petric, Ph. D., M. Barkin, M. D. , J. Butany, M.D., C. Derzko, M.D., 
M, Gysler, M. D., K. I. Lie, M.D., A. B. Shewchuck, M.D., J: Shuber, M.D., E. , Ryan, M. D., 


and M. L. Chipman, M.A. 
Toronto, Ontario, Canada 


A higher prevalence of Chlamydia trachomatis antibody occurred in 57.6% of women with recurrent 
abortion, but not in their male partners, compared to 33.7% of normal pregnant women (p < 0. .01) and 
44.2% of infertile women (NS). The mean titer for the recurrent abortion group was not significantly 
elevated, compared to controls. Women with blocked fallopian tubes had the highest prevalence of 
elevated titers (p < 9.01) and the highest mean titer (p < 0.001). Despite multiple testing, no women or 
men were chlamydia culture—positive. The lack of isolation among patients with antibody could be due to 
cryptic infection at a site not amenable to culture or to inhibition by secretory IgA. There could also be 

. nonspecific stimulation of chlamydial antibody caused by other infections such as mycoplasma. The | 
presence, though at a low level, of antibody in culture- -negative patients suggests chlamydia may not be 
directly associated with recurrent abortion but reflect previous exposure to chlamydia or an areredi immune 


system. (Am J OBSTET GYNECOL 1987;156:291-6. ) 
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A number of studies have demonstrated that Chla- 
mydia trachomatis plays a prominent role in disorders of 
the human reproductive en These include tubal 
infertility,"? ectopic pregnancy,’ and pelvic inflamma- 


tory disease.‘ Ir is the postinflammatory sequelae of the - 


chlamydial infections that are believed to play the major 
role in the development of the infertile state ‘in the 
patients.* In men these organisms are associated with 
urethritis, prostatitis, and epididymitis, of which the 
latter two conditions could affect fertility. Most of these 
studies have been carried out by examining the sero- 
logic status of the populations investigated. 


To date there has been little documentation of the . 


role of chlamydial infection in spontaneous abortions. 
There is evidence, however, that C. psittaci is involved 
in bovine abortion.‘ In the present study the prevalence 
of antibody to chlamydia i is prospectively examined in 
a major cohort of patents with recurrent spontaneous 
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abortion and compared to normal fertile and infertile 
patients. 


Material and methods 


Patient populations. Serum samples were obtained 
from patients enrolled in two prospective studies. The 
first study examined the role of infection i in sponta- 
neous pregnancy loss from 1984 to 1986. The second 
study examined the role of genital mycoplasmas i in in- 
fertility between 1976 and 1980. Blood samples were 
collected on entry to the first study from couples with 
two documented pregnancy losses including 63 women 
who enrolled already pregnant, 38 women who were 
not pregnant, and 55 of their male partners. The con- 
trol group included 63 normal pregnant women par- 
ticipating as controls in the spontaneous abortion study 
and 38 nonpregnant women participating as controls 
in the infertility study. To provide a comparison pop- 
ulation in which chlamydia antibody may be elevated, 
serum samples were assayed on entry from patients 
enrolled in the infertility study. These patients included 
95 women with infertility of known etiology; 25 women 
who were infertile for no known cause, that is, “nor- 
mal”; and 116 male partners of these infertile women. 
The male control group consisted of 36 partners of the 
normal pregnant women enrolled as controls in the 
infertility study. . 

The serum fraction of the blood collected from the 
above subjects by venipuncture was stored at — 20° C 
until assayed for chlamydial antibody. 
` Chlamydia antibody assay. The immunofluores- 
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Table I. Prevalence of chlamydia antibody in women 









dilution 


Normal controls 101 34 33.7! 
Recurrent aborters 66 38 57.6 
Infertile 120 53 44,2 
Any cause 95 44 46.3 
No known cause 25 9 36.0 






Any antibody 
of 21:8 
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Elevated antibody 
of 21:32 
dilution 


16 15.8 
< 0.01 19 28.8 3.78* 
NS 20 16.7 NS 
NS 19 20.0 NS 
NS ] 4.0 NS 





*y? of 3.84 was considered significant; thus a borderline value is indicated. 


Table II. Comparison of prevalence of chlamydia antibody among pregnant and nonpreznant women 











dilution 


Normal controls 


Pregnant 63 17 

_ Nonpregnant 38 17 
Recurrent aborters 
Pregnant _ 34 20 
Nonpregnant 32 18 


cence microscopy method was used in all assays.” The 
reagents were purchased as a commercial indirect flu- 
orescent antibody kit (Electro-Nucieonics Inc., Colum- 
bia, Maryland). The serum samples were first screened 
at a dilution of 1:8 in phosphate-buffered saline so- 
lution (Oxoid Canada, Ltd., Ottawa, Ontario) for the 
preserice of antibody. Those samples manifesting the 
presence of antibody were then titrated to determine 
the individual titer. The highest dilution before ex- 
tinction was taken as the titer of the chlamydial an- 
tibody. 

Microbiology. Cultures for chlamydia were per- 
formed for all couples with recurrent abortions. Cer- 
vical and male urethral swabs were taken for culture 
from the pregnant and nonpregnant couples on entry 
to the study. Cultures also were made of the endo- 
metrial biopsy specimens of the nonpregnant women 
at the time of entry. Cultures were made of the same 
male and female specimens at the first prenatal visit 
and at 20 weeks of gestation for all pregnant couples. 
C. trachomatis was isolated in Hela 229 cells treated with 
cycloheximide at 2 pg/ml. The specimens were inoc- 
ulated under centrifugation and monitored at 48 hours 
by immunhofluorescent staining with use of a mono- 
clonal antibody (Syva Diagnostics, Montreal, Quebec). 

Data analysis. Comparisons of the prevalence of an- 
tibody titers were made with use of the x° test of Fisher’s 
exact test. Medan titers and standard deviations were 
calculated on the antibody titer converted to logy. The 


Any antibody 
of 21:8 





Elevated antibody 
of 21:32 
dilution 


10 15.9 

NS 6 15.8 NS 
11 39.3 

NS 8 25.0 NS 


differences in the mean titers were compared by the 
t test. 


Results 

Prevalence of chlamydia antibody in women with 
recurrent abortions. Serum samples from a total of 287 
women were analyzed for antibody to chlamydia. These 
were scored for any detectable antibody at a dilution 
of 21:8 arid for elevated antibody at a dilution of 
21:32 as shown in ‘Table I. The latter dilution was 
interpreted to reflect an appreciable titer of antibody 
consistent with a relatively recent or severe infection, 
whereas lower antibody levels were taken to reflect ei- 
ther a milder or more distant infection. The prevalence 
of any antibody titer (= 1:8) to chlamydia in the normal 
control women averaged 33.7%. A similar prevalence 
was seen overall in infertile women. In contrast, the 
prevalence of any chlamydial antibody in patients with 
a history of recurrent spontaneous abortion was sig- 
nificantly higher at 57.6% (p < 0.01). When the infer- 
tile group was subdivided, women with a known cause 
of pregnancy loss tended to have a higher prevalence 
than “normal” infertile women. No significant differ- 
erice was observed in the prevalence of chlamydial an- 
tibody between pregnant and nonpregnant recurrent 
aborters or controls, as shown in Table II. 

When the prevalence of elevated antibody titers 
(<1 :32) was assessed, the recarrent aborters exhibited 
a trend toward a higher prevalence than the normal 
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Table III. Prevalence of chlamydia antibody in male partners . 
















Any antibody Elevated antibody 
of 21:8 of 21:32 
dilution dilution 


Normal controls 17 47.2 4 Ly, 

Recurrent aborters 23 41.8 NS 14 25.4 NS 

Infertile 54 46.6 NS 19 16.4 NS 
Any cause 45 49.5 NS 15 16.5 NS 
No known cause 9 36.0 NS 4 17.0 NS 


Table IV. Correlation of chlamydia antibody to cause of reproductive failure 





Females 

Normal controls 38 6 15.8 

“Normal” infertile 25 ] 4.0 NS 

Ovulation defect 42 8 19.0 NS 

Blocked tubes 7 5 71.4 < 0.01 

Adhesions 5 2 40.0 NS 

Uterine anomalies 13 0 0.0 NS 

Repeat aborters 1] } 9.1 NS 

Endometritis 2 0 

Cervical stenosis 2 0 

Trauma 3 ] 

Vaginitis 2 ] 

Sperm-mucus incompatibility 2 l 

Males 

Normal controls 36 4 ]1.1 

“Normal” infertile 25 4 17.0 NS 

Oligospermia 35 4 11.4 NS 

Varicocele 7 l 14.3 NS 

Repeat aborters 13 4 30.8 NS 

Trauma 3 0 

Blocked tubes ] 0 

Azoospermia 0 0 
controls, though this was not significant (x? = 3.78). on entry to the study and during gestation. Despite this 
These studies therefore suggest that there is a corre- repeated testing, chlamydia was not isolated from these 
lation between a history of recurrent spontaneous abor- recurrent aborters. Identical culture conditions in the 
tion and the presence of detectable antibody to C. tra- same laboratory resulted in an Isolation rate of 10% to 
chomatis. 15% from a population of sexually active adolescent 

Prevalence of chlamydial antibody in male part- women presenting with a history of vaginal discharge. 
ners. The prevalence of antibody to chlamydia was next Correlation of chlamydia antibody to causes of in- 
examined in the male partners of the women with a fertility. A number of studies have suggested that chla- 
history of recurrent abortion. As shown in Table III, mydial infections play a role in subsequent infertility. 
the prevalence of detectable antibody or an elevated Accordingly, serum samples from the infertility study 
antibody response was comparable in the three groups patients were analyzed in reference to the documented 
of men. causes of their reproductive failure. The presence of 
Isolation of chlamydia trachomatis from couples any detectable antibody was observed in six of seven 

with recurrent abortions. In all patients in the recur- (85.7%) of the cases with blocked fallopian tubes com- 
rent abortion study, cultures were made extensively for pared with 17 of 38 (44.8%) of normal controls. As 
C. trachomatis. In 33 pregnant and 32 nonpregnant cou- demonstrated in Table IV, there was a significantly in- 


ples, repeat cultures were performed on both partners creased prevalence of elevated antibody to chlamydia 
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1:32 


MEAN TITRE 
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Fig. 1. Mean antibody titers from patients with reproductive failure. Solid bar, Women; open bar, 
men. Categories of reproductive failure and controls are indicated. * = p < 0.01. Actual mean titers 


are given over each bar. 
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Fig. 2. Mean antibody titers from recurrent abortion patients 
and normal controls. Solid bar, Women; open bar, men. Actual 
mean titers are given over each bar. 


in cases with. blocked tubes (p < 0.01). The second 
group that exhibited a higher incidence of chlamydial 
antibody were five women with adhesions, of which 
three had detéctable antibody and two had elevated 
levels. 

Mean antibody titers among couples with repro- 
ductive failure and recurrent abortion. To determine 
whether there was an overall difference in the chla- 
mydial antibody response, the mean titer for each 
group was compared. The highest mean titer occurred 
among infertile women, clinically diagnosed as having 
blocked tubes, as shown in Fig. 1 (p < 0.01). Women 
with adhesions had a slightly higher mean titer. Overall, 


women and partners with infertility resulting Fron 
other defined causes had mean titers comparable to 
normal controls. When the mean titer of women and 
partners with a history of recurrent abortion were com- 
pared to normal controls, there was no significant dif- 
ference, as shown in Fig. 2 

Comment 

A role for chlamydia infection in recurrent abortion 
has been proposed but not documented at this time. 
In our studies of infection in perinatal death, no evi- 
dence of chlamydial infection, was found in the cases 
studied.’ In this study on infection in couples with re- 
current spontaneous abortion, patients were examined, 
by culture and serologic methods, for evidence of chla- 
mydial infection. An increased prevalence of detectable 
chlamydial antibody was observed in patients with a 
history of recurrent abortion compared to normal fer- 
tile couples. The prevalence of elevated antibody titers 
was also higher. However, the mean titer was not higher 
than that of the control group. There was no evidence 
of an increased prevalence of chlamydial antibody in 
spouses of recurrent aborters. No difference was ob- 
served in the prevalence of chlamydial antibody be- 
tween pregnant and nonpregnant women. Hence the 
pregnant state did not itself significantly affect the pa- 
tients’ immune status to chlamydia. 

In patients with blocked fallopian tubes, a previously 
reported sequela of chlamydial infection, both elevated 
individual titers, and an elevated mean titer, were ob- 
served. These latter observations not only confirm the 
previously reported prevalence of chlamydial antibody 
in this group’ but also serve as a positive control on our 
assay system. The prevalence of low-level chlamydial 


Volume 156 
Number 2 


antibody of 33.7% in the local normal population is 
lower than the 71.6% reported elsewhere.’ This may 
well be due to the fact that women in our reproductive 
failure studies are older with a mean age of 28 to 30 
years.” Evidence of chlamydial infection in these women 
is less when compared to infection in our adolescents 
who have a higher rate of isolation of the organism. 
Further studies are required to determine when women 
with recurrent abortions actually develop the antibody 
to chlamydia. In a recent study, residual chlamydial 
antibody was detected up to 6 years after an episode 
of pelvic inflammatory disease.’ 

Despite repeated testing, no chlamydia were isolated 
from this group of couples with recurrent abortion. 
This suggests that these organisms were either not pres- 
ent at the time of sampling or were present at deeper 
sites that were not amenable to sampling or their iso- 
lation was inhibited by the presence of secretory IgA.” 

The above results mainly suggest an association of 
chlamydia antibody and recurrent abortion. There 
could, however, be other explanations for these anti- 
body responses. A large number of the recurrent abort- 
ers are colonized in the genital tract with mycoplasmas, 
particularly Ureaplasma urealyticum. Hence the above 
two infectious agents may have been acquired simul- 
teneously, The presence of chlamydia antibody could 
therefore be due to residual antibody from past infec- 
tion. Since the mean chlamydial antibody titers were 
not as high in the recurrent aborters as in the patients 
with blocked tubes, the former patients may have had 
a more superficial infection. In this study, since no chla- 
mydia were isolated from the recurrent aborters and 
the mean titer was relatively low, the data suggest that 
the organisms were not likely to be playing an active 
role at the time of the study. 

Recent evidence strongly suggests that U. urealyticum 
is associated with infection in pregnancy. In women 
with placentas positive for U. urealyticum, there is an 
association with chorioamnionitis, low birth weight, 
spontaneous abortion, stillbirth, prematurity, and neo- 
natal death.” ‘""* In cases of perinatal death there is a 
higher prevalence of the isolation of U. urealyticum, an 
elevated maternal and fetal ureaplasma antibody, and 
the presence of chorioamnionitis, particularly among 
cases with no morphologic cause of death.® * 

Since many recurrent abortion patients appear to be 
infected with U. urealyticum, this mycoplasma, like My- 
coplasma pneumoniae, may nonspecifically alter the pa- 
tients’ immune system.” M. pneumoniae, the only human 
mycoplasma infection studied extensively, has been 
shown to act as a nonspecific polyclonal B cell activator. 
During episodes of M. pneumoniae infection, increases 
in antibody titers to previous viral infections have been 
documented and the formation of various autoanti- 
bodies described." It is therefore possible that other 
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mycoplasma infections, such as U. urealyticum, could 
nonspecifically stimulate the production of chlamydial 
antibodies in patients with past chlamydial infections 
or make them more susceptible to other types of in- 
fection. 

We have now documented that women with recur- 
rent abortions have elevated antibody titers to U. ure- 
alyticum® ® and to chlamydia. Recent reports suggest 
that women with recurrent abortions may have an al- 
teration in their immune system, with the production 
of antiphospholipid antibodies such as lupus antico- 
agulant antibody, anti-deoxyribonucleic acid, smooth 
muscle and cardiolipin antibodies that cross-react in the 
VDRL antibody test.” With M. pneumoniae infection, 
various autoantibodies including cold agglutinins, cold 
reactive antilymphocyte antibodies, antibodies to brain, 
lung, smooth muscle, and perhaps most important, to 
cardiolipin of both IgM and IgG classes have been doc- 
umented.™ M. pneumoniae," M. hominis, and recently 
U. urealyticum have been shown to synthesize phospho- 
lipids, and the latter have phospholipases. ® In M. pneu- 
moniae, this phospholipid is distinct from cardiolipin 
but is reactive with Wassermann-positive sera." 

Since the presence of various phospholipid antibod- 
ies is being found in recurrent aborters and since urea- 
plasma infection is associated with intrauterine infec- 
tion and pregnancy loss in the same population, the 
two factors may be indirectly associated. It is therefore 
important that immunologic and infection studies of 
recurrent abortion patients be coordinated. 

In conclusion, elevated antibodies to chlamydia have 
been detected in a recurrent abortion population. They 
may not be directly associated with current infection 
but rather reflect a past infection or alteration of the 
immune system. 


We wish to acknowledge the able technical assistance 
of S. Mitra and M. Wojtak. 
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Infertility surgery for pelvic inflammatory disease: Success 
rates after salpingolysis and salpingostomy 


Mark Carey, M.D., and Stan Brown, M.D. 
London, Ontario, Canada 


Eighty-seven patients with infertility due to pelvic inflammatory disease were retrospectively studied to 
determine pregnancy rates after infertility surgery. Patients were divided into two groups on the basis of the . 
type of surgical procedure: group 1, lysis of adhesions only (22 patients); group 2, terminal salpingostomy 
with lysis of adhesions (65 patients). A significantly greater number of patients in group 1 (nine of 22, 

41%) than in group 2 (12 of 65, 18%) (p < 0.05) achieved intrauterine pregnancy. The incidence of ectopic 
pregnancy was 23% in group 1 (five of 22) and 9% in group 2 (six of 65) (p = 0.12). Almost all 

pregnancies that were conceived more than 16 months after operation were ectopic gestations. Patients 
were classified according to severity of disease on the basis of several factors. Although few patients with 
severe pelvic inflammatory disease conceived after operation, the effect of disease severity on the 

likelihood of successful operation was not statistically significant. (Am J Osster Gynecol 1987;156:296-300.) 


Key words: Pelvic inflammatory disease, infertility surgery, salpingostomy 


There are numerous studies in the literature that 


examine pregnancy rates after tubal reconstructive sur- - 


gery.’> Many of these studies include patients with a 
variety of causes of infertility. As well, the accuracy of 
reported pregnancy rates may be questioned in some 
studies where patients were not analyzed with respect 
to the type of surgical procedure. The aim of this study 
was to examine the success rates of fertility-promoting 
surgery specifically in patients with pelvic inflammatory 
disease. Patients were categorized according to the type 
of surgical procedure, and factors thought to influence 
the likelihood of a successful operation were studied. 
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Materiali and methods 


From January 1978 to April 1985 a retrospective 
review was performed on ail patients in the senior au- 
thor's practice (S. Brown) who underwent tubal micro- 
surgery. Patients were selected for entry into the study 
if they fulfilled the following requirements: (1) infer- 
tility >1 year’s duration, (2) no other significant causes 
of infertility aside from obstructed fallopian tubes or 
periadnexal adhesions that were secondary to pelvic 
inflammatory disease, and (3) follow-up of >18 months’ 
duration. Patients with endometriosis or proximal tubal 
obstruction were excluded from the study. Patients who 
required salpingostomy were included only if a ter- 
minal salpingostomy was performed. 

All patients underwent a complete infertility inves- 
tigation, which included history, physical examination, 
documentation of ovulation, evaluation of serum pro- 
lactin level, laparoscopy, and hysterosalpingography in 
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Table I. Patient characteristics 







Lysis of adhesions | Salpingostomy 








Characteristic 


Age (yr) (mean + SD) 28 + 3.7 28 + 4.2 
Primary infertility 8 (36%) 35 (54%) 
Secondary infertility 14 (64%) 30 (46%) 
Follow-up (mo) 42 + 17 43 +17 
(mean + SD) 
Lost to follow-up 1 (4.5%) 6 (9%) 
Previous infertility surgery 2 (9%) 12 (18%) 
Previous ectopic 7 (32%) 9 (14%) 
pregnancy 
Ovulatory dysfunction (No. 3 3 
giver. clomiphene citrate) 
Mild hyperprolactinemia l 0 


selected cases; all husbands had a normal semen 
analysis. 

The patients were then divided into two groups: 
group | (22 patients) included those patients with peri- 
adnexal adhesions and patent fallopian tubes who re- 
quired lysis of adhesions only. Patients requiring lysis 
of fimbrial adhesions were included in this group. 
Group 2 (65 patients) consisted of patients with distal 
tubal obstruction who required salpingostomy and lysis 
of adhesions. 

All patients were cared for and operated on by the 
same surgeon. Operation was performed according to 
conventional microsurgical techniques. Prophylactic 
antibiotics were used in all patients and treatment was 
continued for 10 to 14 days after operation. Steroids 
and antihistamines were not used. One hundred mil- 
liliters of 70% dextran was routinely instilled into the 
pelvis just before the abdomen was closed. Postopera- 
tive hydrotubation was not performed. 

Detailed operative reports were available on each pa- 
tient and an analysis of various factors that might have 
influenced the outcome of operation was performed. 
The extent of adhesions were classified as follows: mild, 
fine filmy adhesions covering less than one third of the 
surface of the tube and/or ovary; moderate, adhesions 
covering one third or more of the surface of the tube 
and/or ovary, with tissue planes evident; severe, thick 
fibrovascular adhesions covering most of the surface of 
the tube and/or ovary, with destruction of normal tissue 
planes making dissection very difficult. 

Tubal dilatation was classified according to measure- 
ment; the categories being normal, <2 cm dilatation, 
or >2 cm dilatation. The condition of the distal tubal 
mucosa was graded as follows: good, normal mucosa 
on examination with magnification; fair, patchy areas 
of normal and abnormal mucosa; poor to absent, no 
normal] mucosa visible or only an isolated area of nor- 
mal mucosa present. Patients undergoing unilateral sal- 
pingostomy with a patent opposite fallopian tube were 
excluded from the analysis regarding the above factors. 
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Degree of Adhesions 
Mild & Moderate Severe 


Tubal Mucosa 
Dilatation 


Normal 
Fair 
Absent 


Normal 
Fair 
Absent 





1/10 vs. 8/43, p = 1.00 


Fig. 1. Factors affecting surgical success classified according 
to the side of least disease. (Values are number of pregnancies’ 
number of operations.) 


Tubal Mucosa 
Dilatation 


Degree of Adhesions 
Mild & Moderate 





Neral 
Fair 
Absent 


1/17 vs. 8/36, p = 0.24 


Fig. 2. Factors affecting surgical success classified according 
to the side of most disease. (Values are number of pregnancies/ 
number of operations.) 


Pregnancies were counted as such only if there was 
documented evidence of intrauterine or extrauterine 
pregnancy. This included ultrasound examination in 
an early intrauterine pregnancy or pathologic exami- 
nation of the products of conception in cases of spon- 
taneous abortion or ectopic pregnancy. Intrauterine 
pregnancies were counted only once per patient. Fol- 
low-up was maintained for at least 40 months in those 
patients who did not conceive. Statistical analysis was 
performed with the use of x? analysis with continuity 
correction and Fisher’s exact test when appropriate. 
Continuous data were analyzed with the use of Stu- 
dent’s ¢ test. 


Results 


The characteristics of the 87 patients included in the 
study are shown in Table I. There was no significant 
difference between groups 1 and 2 with respect to mean 
ages or the incidence of primary or secondary infer- 
tility. When group 1 and group 2 were examined sep- 
arately, there was no significant difference in age or 
previous fertility status when those patients who had 
intrauterine pregnancies were compared with those 
who did not. Three patients in each group had evidence 
of ovulatory dysfunction, which was successfully treated 
with clomiphene. One woman in group 1 had mild 
hyperprolactinemia, which responded well to bromo- 
criptine. 

The overall pregnancy rates and the mean time in- 
tervals from operation to pregnancy are presented in 
Table II. In group 1 (lysis group with lysis of adhe- 
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Table II. Pregnancy rate and operation-to-pregnancy interval after reconstructive surgery for pelvic 
inflammatory disease 






Total No. 


Group of patients 





Intrauterine pregnancy Ectopic pregnancy 


Mean operation-to-pregnancy 
interval (mo) 


Group 1 22 9 41* 5 23t 8 + 3.2 24+ 17 
Group 2 65 12 18* 6 9t 1] + 6.9 37 + 32 
Total 87 2] 24 li 13 9 + 5.7* 31 + 26* 
*p < 0.05. 
Tp = 0.12 


Table IIE. Lysis of adhesions: Pregnancy outcome versus degree of adhesions 






Total patients 





Degree of adhesions 

Mild 4 18 
Moderate 15 68 
Severe 3 14 


Intrauterine pregnancy 





Ectopic pregnancy 


Table IV. Surgical procedure for pelvic inflammatory disease: Salpingostomy (group 2) 


Total patients 


Bilateral salpingostomy 


Unilateral salpingostomy 12 18. 
(opposite tube patent) 
Unilateral salpingostomy 10 15 


(opposite tube absent) 


3 75 l 25 
5 33 3 20 
i 33 2 67 
| Intrauterine pregnancy Ectopic pregnancy 
43 66 8 19* 4 9 
3 25* 2 16 
I 10* 0 0 


Table V. Pregnancy outcome in patients with previous infertility surgery, or ectopic pregnancy 


i oe 
7 
16 4 25 4 


Previous ectopic 


pregnancy 
Previous infertility 16 
surgery | 


sions), nine patients (41%) had a documented intra- 
uterine pregnancy, and five patients (23%) had tubal 
ectopic gestations. In group 2 (salpingostomy group) 
12 patients (18%) achieved intrauterine pregnancy, 
while six patients (9%) had tubal pregnancies. The 
differences between intrauterine pregnancy rates in 
groups l and 2 were significant (p < 0.05), while the 
differences in ectopic pregnancy rates were not (p = 
0.12). The mean time interval from operation to preg- 
nancy was significantly longer in patients with ectopic 
gestations than in those with intrauterine pregnancies 


(p < 0.05). 


Ectopic pregnancy 


25 
2 12:5 2 12.5 


Group 1 was further subdivided according to the 
severity of adhesions (Table III). There was a trend 
toward a higher chance of intrauterine pregnancy in 
the group who had lysis of mild adhesions. This trend, 
however, was not statistically significant. 

Table IV summarizes the surgical procedures in 
group 2. Forty-three patients underwent bilateral sal- 
pingostomy and eight patients (19%) had subsequent 
intrauterine pregnancies. It should be noted that all 
patients in group 2 had some form of periadnexal ad- 
hesiolysis. Twenty-five percent of the 12 patients who 
underwent unilateral salpingostomy with the opposite 
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tube patent achieved intrauterine pregnancy, while 
only one of 10 patients successfully conceived in the 
group that had a unilateral salpingostomy with the op- 
posite tube absent. None of the differences in the preg- 
nancy rates between the three groups illustrated in 
Table IV were statistically significant. 

Figs. 1 and 2 summarize the pregnancy rates in 
group 2 (65 patients) according to the various factors 
analyzed. Patients who had a unilatéral salpingostomy 
and patent opposite fallopian tubes (12 patients) were 
excluded from this analysis. In many cases it was ap- 
parent that the degree of tubal disease differed between 
the right and left sides in the patients who underwent 
bilateral salpingostomy. For this reason, the analysis of 
the varicus factors that might influence pregnancy rates 
was done in two ways. In Fig. 1 patients were catego- 
rized according to the side of least disease, whereas in 
Fig. 2 patients were categorized onan to the side 
with the most disease. 

In both Figs. 1 and 2 patients with severe adhesions 
or tubal dilatation >2 cm were unlikely to achieve in- 
trauterine pregnancy after operation. The condition of 
the tubal mucosa did not seem to alter pregnancy out- 
come but the numbers are too small for meaningful 
statistical analysis. Most pregnancies occurred in the 
mild to. moderate dilatation-adhesion categories, and 
therefore these categories were grouped together in 
Figs. 1 and 2 for simplification. Using either classifi- 
cation system, we were unable to prove that there was 
a significant difference in the proportion of pregnan- 
cies between the sevére dilatation-adhesion group and 
the mild to moderate dilatation-adhesion group, as il- 
lustrated by comparison of the proportion of pregnan- 
cies in the shaded versus the unshaded areas in Figs. 1 
and 2. 

Pregnancy outcome was also examined in patients 
who had previous infertility surgery (lysis of adhesions 
with or without salpingostomy) ‘and in those who re- 
quired a previous operation for an ectopic pregnancy. 
Groups 1 and 2 were combined because of the small 
number of patients (Table V). The intrauterine preg- 
nancy rates and ectopic pregnancy rates are outlined 
in Table V. 


Comment | 

Jansen’ has previously reported that patients with 
patent fallopian tubes have a significantly better chance 
of conceiving after fertility surgery than patients with 
obstructed tubes. In his studv, 54% of patients who 
underwent salpingolysis conceived whereas only 19% 
of patients with bilateral tubal obstruction became preg- 
nant after operation. This study reports very similar 
figures, with intrauterine pregnancy rates of 41% in 
the group with lysis of adhesions (group 1) and 18% 
in the group requiring salpingostomy (group 2). Jansen 
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was also able to demonstrate a significant difference iri 
pregnancy rates between patients with unilateral versus 
those with bilateral tubal obstruction (43% versus 19%). 

In this’study the improved pregnancy rates found in 
the patients with unilateral tubal obstruction (25%) 
were not significantly different from those of patients 
with bilateral obstruction (19%). 

Ectopic pregnancy was a significant cause of morbid- 
ity in this study. There was a 23% incidence of ectopic 
pregnancy in group 1 and a 9% incidence in group 2. 
Patients with previous infertility surgery or ectopic 
pregnancy, although few in number, were also at risk 
for ectopic gestations. An iriteresting finding was the 
lengthened mean time interval from operation to preg- 
nancy in patients with ectopic pregnanciés. There was 
only one intrauterine pregriancy conceived more than 
16 months from the time of operation. With a follow- 
up period of at least 40 months for all patients who did 
not conceive, it is reasonable to conclude that there is 
a high risk of ectopic pregnancy in patients who con- 
ceive more than 16 months from the time of operation. 

The outcome of those patients uridergoing bilateral 
salpingostomy was disappointing. Caspi et al.’ have re- 
ported similar results, with intrauterine pregnancy 
rates of 20% and ectopic pregnancy rates of 9% in 
patients after operation for bilateral tubal occlusion. 
Gomel’ has reported term pregnancy rates as high as 
30% in 89 patients requiring salpingostomy with a 9% 
ectopic gestation rate. 

In patients requiring salpingostomy we were not able 
to demonstraté a significant effect of the severity of 
disease on pregnancy outcome. Previous studies by Ver- 
hoéven et al.* and Rock et al.? were able to identify a 
group of patients with “mild disease” whose chances 
for pregnancy were significantly better than those of 
patients with more-severe disease. Pregnancy rates for 
“mild disease” varied from 30% to 40% in Verhoeven’s 
study and were approximately 80% in Rock’s study. 
Pregnancy rates dropped dramatically to <10% in pa- 
tients with severe disease. We were unable to identify 
such a favorable group of patients. This difference 
may. be related to inherent differences in the patient 
population and smaller sample sizes, or it may be the 
result of the effect of our classification system. The 
effect of classifying patients according to the side of 
least and most disease, as shown in Figs. 1 and 2, il- 
lustrates the subjéctive nature of classification shemes. 
Differences in classifying patients may result in marked 
differences in outcome, rendering comparisons be- 
tween studies difficult. In the present study, classify- 
ing patients according to severity of disease on the basis 
of the side most diseased best identified those pa- 
tients not likely to benefit from operation. It appears 
that there may be a group of patients with severe pel- 
vic inflammatory disease who do not have a reason- 
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able chance for a successful operation. However, a 
larger sample size would be needed to prove this sta- 
tistically. 

The management of patients with infertility second- 
ary to pelvic inflammatory disease should be individ- 
ualized. Patients with patent fallopian tubes are better 
candidates for operation than those with obstructed 
tubes. In many patients in vitro fertilization may be a 
reasonable alternative to operation; its use depends on 
the in vitro fertilization program availability, the cost, 
and the patients’ needs. 
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Temporal variation in rates of cesarean section for dystocia: 


Does “convenience” play a role? 
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The purpose of this study is to test the hypothesis that convenience for the physician plays a role in the 
rate of cesarean section performed because of dystocia. Three time periods were defined (night, 12 
midnight to 7:59 am; day, 8 am to 5:59 pm; evening, 6 Pm to 11:59 Pm) based on the work commitments 
and daily routines of the obstetrician. Rates of cesarean section for dystocia were determined for each of 
the three time periods. An evening peak in the cesarean section rate is partially but not entirely explained 
by an evening increase in the proportion of patients in prolonged labor. When patients were strat'fied 
according to labor duration (<12, 12 to 15, and >16 hours), a persistent evening excess in the rate of 
cesarean section for dystocia was observed for patients whose labor duration was <16 hours. Although 
this is interpreted as being consistent with the hypothesis of physician convenience, the magnitude of this 
effect on the overall rate of cesarean section for dystocia is small. (Am J Oastet Gyneco. 1987; 


156:300-4.) 


Key words: Cesarean section, dystocia, temporal variation, obstetric convenience 


The rapid rise in the rate of cesarean section has 
come under increasing scrutiny in recent years.':? Per- 
formance of cesarean section because of dystocia is of 
particular concern. Dystocia is the most common in- 
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dication for primary cesarean section and provides the 
greatest room for diagnostic discretion. 

To what degree does convenience for the physician 
influence the rate of cesarean section for dystocia? We 
hypothesized that if this factor is important there 
should be a regular temporal variation in cesarean sec- 
tion rates in accord with the relative availability of the 
obstetrician to the delivery room. Cesarean sections for 
dystocia would be expected to occur less frequently 
during the nighttime hours of sleep and the daytime 
period of scheduled office hours and of surgical and 
teaching commitments. Evening hours would be ex- 
pected to have the highest incidence, both because of 
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Table I. Rate of cesarean section for dystocia 
by day of week 












Total 
No. of 
deliveries 


Cesarean section 


Monday 629 31 4.93 

Tuesday 638 32 5.02 
Wednesday 608 30 4.93? 4.76* 
Thursday 600 24 4.00 

Friday 592 29 4.89 
Saturday 563 21 3.73 379% 
Sunday 602 x 3.82 

*NS; x? = 2.17. 


fewer conflicting obligations and in order to terminate 
desultory labors before the normal hours of sleep. 
Lower rates might also be expected on weekends when 
one obstetrician is “on call” for his group and does not 
have conflicting work obligations. 

The present study was designed to test the hypothesis 
that physician convenience plays a role in the decision 
to perform a cesarean section for dystocia. The practice 
setting studied is similar to most obstetric situations in 
private practice. The role of variables other than phy- 
siclan convenience in producing differential cesarean 
section rates for dystocia by time of day was also ex- 
plored. An unexpected confounding factor, temporal 
variation in the proportion of patients in prolonged 
labor, was discovered. This required careful control in 
order to attempt to isolate the contribution of physician 
convenience. . 


Method 


The study was carried out at the Royal Victoria Hos- 
pital, a tertiary-care teaching hospital of McGill Uni- 
versity in which approximately 3500 women are deliv- 
ered each year. Deliveries are performed by obstetri- 
cian-gynecologists, most of whom perform between 100 
and 200 deliveries each year. More than 95% of women 
who are delivered receive their antenatal care in the 
private offices of attending staff members. In general, 
daytime coverage is provided by each obstetrician for 
his or her own patients, while night and weekend cov- 
erage is organized in groups with one physician cov- 
ering for three to six group members. The obstetrician 
on call usually comes to the hospital from outside for 
each delivery. Though deliveries are usually also at- 
tended by the house staff, an attending staff obstetri- 
clan is almost always present at the time of delivery. 
Remuneration for all deliveries is from the pro- 
vincially funded health insurance program. There is 
no differential tariff for procedures by time of day, and 
there is little difference between the fee for cesarean 
section and vaginal delivery. 

The study population was selected to focus on the 
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Table IT. Incidence of cesarean section for 
dystocia per 100 deliveries 









Total 
No. of 
deliveries 


Cesarean section 


Weekday 
Night 740 33 4.5 
Day 1541 60 3.9 
Evening 786 55 7.0 
Total - 3067 148 p < 0.01* 
Weekend 
Night 284 7 2.5 
Day 604 20 3.3 
Evening 277 15 5.4 
Total 1165 42 NSt 
Fy? = ]].2, 
ty? = 3.82. 


category of patients principally at risk for dystocia: nul- 
liparous women with singleton fetuses in cephalic pre- 
sentation at term (gestational age >37 weeks). Induced 
labors were excluded, since inductions are generally 
initiated early in the day and are followed by a higher 
incidence of cesarean section for dystocia than are 
spontaneous labors.* 

All patients presenting in spontaneous labor on ad- 
mission to the hospital between January 1978 and April 
1984 and meeting the above criteria were included in 
the study (n = 4232). Data were obtained from the 
computerized McGill Obstetric and Neonatal Data 
Base."* The indication for cesarean section was the one 
recorded by the obstetric team at the time of delivery. 
For the purposes of the present study, cesarean sections 
performed either for failure to progress or for ceph- 
alopelvic disproportion were included under the cat- 
egory of dystocia. When fetal distress was recorded as 
an associated indication along with dystocia, such ce- 
sarean sections were considered to have been per- 
formed for dystocia. 

Only those cesarean sections performed during the 
first stage of labor were included. Second-stage dystocia 
has more precisely defined limits and involves a dif- 
ferent range of management options than those in the 
first stage. 

Labor onset was defined as time of admission to hos- 
pital in established labor, which is an objective and ver- 
ifiable point of reference for women in labor of spon- 
taneous origin. Women admitted, with or without spon- 
taneous rupture of membranes, whose labor began 
after admission to hospital were excluded. 

Diurnal variation in the incidence of cesarean section 
for dystocia was analyzed in three time periods chosen 
a priori: day (8 AM to 5:59 pm), evening (6 PM to 
11:59 pm), and night (12 midnight to 7:59 AM). 

The rate of cesarean section for dystocia by time of 
day was expressed in each of two ways: (1) as a pro- 
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Table HI. Hourly risk of cesarean section 
for dystocia 










Cesarean section 





Patient-hours 





of labor 
Night 11,011 40 0.36 
Day 17,235 80 0.46 
Evening 6,181 70 1.13 


*p < 0.001; x’? = 54.2. 


Table IV. Incidence of prolonged labor by 
time of day* 











Mean 
No. of 
patients 






% with 
labor 216 hr 


% with 
labor 212 hr 





Night 1294 9.9 2.9 
Day 1569 12.6 3.5 
Evening 884 18.0 6.9 


*Mean number of laboring patients per hour for the time 
period, and mean proportion of laboring patients per hour 
who were in prolonged labor. 


portion of the total deliveries during the time period 
and (2) as an hourly rate per 100 patient-hours of labor. 
This latter rate (number of cesarean sections for dys- 
tocia per number of patients in labor duing each hour 
of the day) was considered the more appropriate, be- 
cause the patients at risk of requiring a cesarean section 
because of dystocia are those in labor rather than those 
delivering at a particular hour. Since cesarean sections 
for dystocia occur much more frequently in patients 
with prolonged labor and since there was a diurnal 
variation in incidence of prolonged labor, the rate of 
cesarean sections for dystocia was also expressed per 
number of patient-hours of labor of “normal” duration 
(<12 hours), “longer than average” (12 to 15 hours), 
and “very prolonged” (>16 hours) at each time of day. 
The rates of cesarean section for dystocia on weekdays 
(Mondays to Fridays) and weekends (Saturdays and 
Sundays) were also determined separately. Statistical 
calculations were performed by the x” test for propor- 
tions and by one-way analysis of variance for differ- 
ences in means. 


Results 


Table I expresses cesarean section deliveries as a per- 
cent of total deliveries by day of week. Although there 
is a trend toward fewer cesarean sections for dystocia 
on weekends than on weekdays (3.78% versus 4.76%), 
this trend does not achieve statistical significance. 

On weekdays the rate of cesarean deliveries varied 
markedly by time of day, with a significantly higher rate 
occurring in the evening (p < 0.01). A similar trend 
was seen on weekends, but this did not achieve statistical 
significance (Table II). 
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When expressed as 100 patient-hours of labor, ce- 
sarean section rates for the laboring population were 
more than twice as high in the evening as during the 
day or night (p < 0.001) (Table HI). For these and sub- 
sequent calculations, weekday and weekend data were 
combined. 

Table IV shows the proportion of patients in pro- 
longed labor by time of dav. It indicates that during 
the evening the proportion of patients who were in 
prolonged labor was twice as great as during the night. 
Thus the observed evening peak in cesarean sections 
may be at least partially explained by an evening peak 
in prolonged labors. 

It remained to be determined whether, for patients 
of similar labor duration, there was temporal variation 
in the rate of cesarean section for dystocia. To control 
for variation by time of day in incidence of prolonged 
labor, laboring patients were stratified in the manner 
previously described: those with normal labor duration 
(<12 hours), longer-than-average labor (12 to 15 
hours), and very prolonged labor (>16 hours). Ta- 
ble V expresses cesarean section rates per 100 patient 
hours of labor for the three groups. For patients in very 
prolonged labor the risk of cesarean section for dystocia 
did not vary by time of day. For patients with shorter 
labors, however, the risk of cesarean section varied sig- 
nificantly by time of day, with peak rates occurring in 
the evening. 

Table VI shows mean cervical dilatation at the time 
of cesarean section and mean labor duration for pa- 
tients delivered by cesarean section by time of day. Nei- 
ther cervical dilatation ner duration of labor before 
cesarean section was found to vary significantly among 
the three time periods. 

Table VII explores other potentially confounding 
variables that could influence the frequency of cesarean 
section for dystocia: maternal age, maternal height, ma- 
ternal weight, and fetal weight. None was found to 
differ among populations delivered at different times 
of the day. 


Comment 


The present study setting is typical of private ob- 
stetric practice in North America, in which hospital 
deliveries are performed by obstetrician-gynecologists 
whose offices are usually located outside the hospital. 
From the standpoint of the obstetrician practicing in 
this setting, there are more and less convenient times 
to perform cesarean sections for dystocia. 

The study began with the stated assumption that if 
temporal variation in rates of cesarean section for dys- 
tocia were demonstrable, this variation might reason- 
ably be attributed to pnysician convenience. In the 
course of the study, however, it became evident that 
this assumption required qualification. The proportion 
of patients in prolonged labor, which is closely linked 
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Table V. Hourly risk of cesarean section after differing lengths of labor 


Labor <12 hr Labor 12-15 hr 





Labor 216 hr 


Cesarean section Cesarean section 

Patient Patient Patient 
Night 10,358 16 0.15 417 ll 2.6 236 13 5.5 
Day 15,693 34 0.22 1117 21 1.9 425 25 5.9 
Evening 5,307 25 0.47 556 26 4.6 318 19 6.0 


*p < 0.01; x? = 15.5. 
tp < 0.01; x? = 10.0. 
ENS; x? = 0.056. 


Table VI. Cervical dilatation and duration of labor before cesarean section for dystocia 


Cervical dilatation (cm) 


Duration. of labor (hr) 


T 
38 5.4 2.5 40 


Night EA 7.8 
Day 76 4.5 2.4 80 13.0 6.4 
Evening 66 4.5 2.3 70 13.4 5.6 
Total 180 190 


Table VII. Characteristics of cases according to different times of delivery 






Maternal age (yr) 


5.0 23 





Maternal height (cm) 


6.6 





Maternal predelivery 
weight (kg) Infant birth weight (gm) 









Night 40 27.1 : 158.7 25 71.6 11.3 40 3532 474 
Day 80 27.0 4.4 50 158.9 6.9 42 72.8 12.0 80 3548 440 
Evening 70 27.6 4.7 52 159.6 6.8 48 70.7 10.7 70 3555 479 





to rates of cesarean section for dystocia, varied consid- 
erably by time of day. This variation resulted from an 
unexpected diurnal variation in time of onset of labor. 
Admission of patients in spontaneous labor occurred 
more than twice as frequently during the night hours 
as during the day (Fraser W, Usher R. Diurnal variation 
in onset of labour. Submitted for publication). This 
resulted in a sinusoidal admission curve similar to that 
described by Shettles® for the time of labor onset. The 
evening period, falling 12 to 18 hours after the night- 
time peak of admissions, had the highest proportion of 
patients in prolonged labor. 

It then became necessary to modify the question in 
the following manner: Do patients who have been in 
labor for similar lengths of time differ in their risk of 
cesarean section for dystocia according to the time of 
day? Patients were stratified by number of hours in 
labor in a manner which, although not providing com- 
plete standardization, should have eliminated most of 
the difference in mean labor duration between sub- 
groups. After controlling in this manner for the uneven 
distribution of women in prolonged labor, there re- 
mained a persistent excess in cesarean sections for dys- 
tocia during the evening hours, except for patients in 


very prolonged labor for whom the rate of cesarean 
section was similar at all times of day. 

If the decision to perform cesarean section for dys- 
tocia was being taken at a lower threshold during the 
evening, shorter labors and lesser cervical dilatations 
at the time of cesarean section might be expected. Such 
differences were not observed. How does one account 
for this negative finding? It seems that cesarean sections 
for dystocia were performed on the same category of 
laboring patient (cervix dilated approximately 5 cm 
and labor duration approximately 13 hours) regard- 
less of time of day. However, more of these patients 
were selected for cesarean section during the evening 
hours. | 

Are there factors other than physician convenience 
that could vary by time of day to influence cesarean 
section rates? Patient tolerance to prolonged labor may 
be decreased in the evening as a result of fatigue, and 
this could influence decision making. Availability of 
nursing staff, house staff, anesthesia staff, and oper- 
ating room time vary by time of day in some hospitals. 
In the present study such personnel were in, or im- 
mediately available to, the labour and delivery suite 
around the clock, and a special operating room for 


304 Fraser et al. 


primary cesarean sections was situated within the la- 
bour and delivery area. 

There have been previous attempts to examine the 
question of temporal variation in cesarean section rates. 
Phillips et al.” examined cesarean section rates by day 
of week. His findings in a comparison of weekend and 
weekday rates were consistent with our own. However, 
inductions were not excluded from his study popula- 
tion. Evans et al.® classified cesarean sections into 
“acute” and “nonacute” and found fewer nonacute ce- 
Sarean sections were performed at night than at other 
times of day. Temporal variation in the proportion of 
patients in prolonged labor was not considered. 

In the present study, temporal variation in rates of 
cesarean section for patients of similar labour duration, 
though demonstrable, had a relatively small impact on 
the overall rate of cesarean section for dystocia. Al- 
though this evening peak is consistent with the hy- 
pothesis of physician convenience, elimination of this 
“excess” number would decrease the overall rate of 
cesarean sections for dystocia by only 15%. Physician 
convenience does not appear to be the major factor in 
the recent marked increase in rates of cesarean section 
for dystocia. 

It appears, however, that there are several aspects of 
labor management in which the timing of physician 
intervention may have an important effect on rates of 
cesarean section for dystocia. As previously mentioned, 
elective inductions are associated with an increased 
rate.® Duff et al.° have shown that, in the patient at term 
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with spontaneous rupture of the membranes, expec- 
tant management can significantly reduce rates of ce- 
sarean section for dystocia below rates that occur when 
such patients are induced. Further studies are re- 
quired to determine the impact of artificial rupture of 
membranes, oxytocin stimulation (including its use in 
women whose labors are not well established), and con- 
tinuous epidural analgesia on the progress of labor and 
rates of cesarean section for dystocia, . 


REFERENCES 


1. Rosen MG, Alper MH, Bloomfield R, Cefalo RC, Field T. 
NIH Consensus Development Task Force statement on ce- 
sarean childbirth. AM J OBSTET GYNECOL 1981;139:901. 

2. Minkoff HL, Schwarz RH. The rising cesarean section rate: 
can tt safely be reversed? Odstet Gynecol 56:135, 1980. 

3. Smith LP, Nagourney BA, McLean FH, Usher RH. Hazards 
and benefits of elective induction of labor. AM J OBSTET 
GYNECOL 1984; 148:579. 

4. Funnell WR], Hosios AJ, Kearney RE. IDA: an interactive 
data analysis system for clin:cal and experimental research. 
Comp Biol Med 1980;10:41. 

5. Smith LP, deLeon A, Funnell WRJ, Lalonde AB, McLean 
FH, Usher RH. A research-oriented system for McGill Ob- 
stetrical and Neonatal Data (MOND). Acta Obstet Gynecol 
Scand [Suppl] 1982;109:49. 

6. Shettles LB. Hourly variation in onset of labor and rupture 
of membranes. AM J Osstzt GYNECOL 1960;79:177. 

7. Phillips RN, Thornton J, Gleicher N. Physician bias in ce- 
sarean section. JAMA 1982;248:1082. 

8. Evans MI, Richardson DA, Sholl JS, Johnson BA. Cesarean 
section assessment of the convenience factor. ] Reprod Med 
1984;29:676. 

9. Duff P, Huff RW. Gibbs RS. Management of premature 
rupture of membranes and unfavorable cervix in term 
pregnancy. Obstet Gynecol 1984;63:697. 


HOW TO 
SET UP 
AN IVF 
PROGRAM 


‘The leam Approach to InVitro Fertilization’ 


) 





E June 10-14, 1987 E Faculty E To register for this 
Harrah’s Convention Center Northern Nevada Fertility Clinic unique meeting—“‘The Team 
Reno, Nevada PHYSICIANS: Approach to In-Vitro 
At this very special meeting, you Geoffrey Sher, M.D., Chairman Fertilization’ —contact: 
can learn about planning, design- Harold Chotiner, M.D. Serono Symposia, USA, toll-free 
ing and establishing an IVF Victor Knutzen, M.D. at 800/225-5185. In Massachusetts, 
program. EMBRYOLOGISTS: 617/963-8154. 
This Serono Symposia, USA Patty Julian, M.S. Registration Fee: 
co-sponsored workshop will help Clifford Stratton, Ph.D. Before March 1 $400 for 
teams of physicians, embryologists, Linda Vaught, Ph.D. physicians 
nurse coordinators and psychol- William Vaught, Ph.D. $200 for support 
ogists develop a detailed approach NURSE COORDINATOR: personnel 
to IVE Virginia Marriage, R.N., M.N. After March 1 $450 for 
Experts from three successful PSYCHOLOGIST: physicians 
IVF programs will share their expe- Jack Mayville, Ph.D. $250 for support 
riences through lectures and hands- personnel 
on laboratory workshops and will @ Guest Faculty To reserve special hotel accom- 
lead general discussion sessions. PHYSICIANS: modations, call Harrah’s directly at 
Plus, marketing professionals Ricardo Asch, M.D. 800/648-3773. And mention the 
will discuss public relations and Brian Cohen, M.D. Serono Symposia, USA IVF 
promotional strategies for IVF Gary Hodgen, Ph.D. Workshop. 
programs. Richard Marrs, M.D. 


If you're interested in an IVF NURSE COORDINATOR: 
program, this may well be the most Catherine Garner, R.N.C., M.S.N., 
worthwhile meeting you can attend. M.P.A. 

MARKETING 
PROFESSIONALS: 

Peter Necarsulmer, B.A. 

Susan Thurman, B.A. 
HEALTH CARE COUNSEL: 
William Prezant, Esq. 


NYA 


Serono Symposia, USA 
280 Pond Street 
Randolph, MA 02368 
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ESTRACE is 178-estradiol—just like the 
estrogen she made before menopause. 
Like the natural hormone, it follows a 
simple, well-known metabolic pathway, 
and it provides unsurpassed relief of 
postmenopausal vasomotor symptoms. 

Micronized for good oral absorp- 
tion, ESTRACE produces prompt, pre- 
dictable serum levels of estradiol and 
estrone. Between cycles, ES TRACE is 
rapidly eliminated, providing estrogen 
: i enere replacement therapy that closely follows 
—— f — A the premenopausal pattern. . for true 

pot eee , | cyclic therapy. 

Now its in the ES TRACE Cycle Pak— 
an easy-to-carry compact, designed to 
deliver a starting dose of 2 mg in the 
preferred 25-day regimen. Cycle Paks 
delivering 1 mg daily are also available, 


if needed. 


Mead finson LABORATORIES 


For Brief Summary, please see following page. 
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; Warning 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
| RISK OF ENDOMETRIAL CARCINOMA. Three independent case 
=| control studies have shown an increased risk of endometrial cancer in 
=] postmenopausal women exposed to exogenous estrogens for 
| prolonged periods. This risk was independent of the other known risk 
~ | factors for endometrial cancer. These studies are further supported 
1 -Dy the finding that incidence rates of endometrial cancer have 
>of increased sharply since 1969 in eight different areas of the United 
->f States with population-based cancer reporting systems, an increase 
“| which may be related to the rapidly expanding use of estrogens 
during the last decade. The three case control studies reported that 
- | the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
< | times greater than in nonusers. The risk appears to depend on both 
~..| duration of treatment and on estrogen dose. In view of these findings, 
<f when estrogens are used for the treatment of menopausal symptoms, 
=. {| the lowest dose that will contro! symptoms should be utilized and 
1 medication should be discontinued as soon as possibile. When 
“|. prolonged treatment is medically indicated, the patient should be 
_ reassessed on at least a semiannual basis to determine the need for 

continued therapy. Although the evidence must be considered prelimi- 
nary, one study suggests that cyclic administration of low doses of 
estrogen may carry less risk than continuous administration; it there- 
fore appears prudent to utilize such a regimen. Close clinical surveil- 
lance of ail women taking estrogens is important. In all cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic measures should be undertaken to rule out 
malignancy. There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at equiestro- 
genic doses. 
_| 2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 

| The use of female sex hormones, both estrogens and progestogens, 
during early pregnancy may seriously damage the offspring. It has 
been shown that females exposed in utero to diethylstilbestrol. a non- 
steroidal estrogen, have an increased risk of developing in later life a 
-| form of vaginal or cervical cancer that is ordinarily extremely rare. 

| This risk has been estimated as not greater than 4 per 1000 expo- 

sures. Furthermore, a high percentage of such exposed women (from 
| 30 to 90 percent) have been found to have vaginal adenosis, epithe- 
| lial changes of the vagina and cervix. Although these changes are 

_ histologically benign, it is not known whether they are precursors of 
malignancy. Although similar data are not available with the use of 
other estrogens, it cannot be presumed they would not induce similar 
changes. Several reports suggest an association between intrauter- 
ine exposure to female sex hormones and congenital anomalies, 
| including congenital heart defects and limb reduction defects. One 

case control study estimated a 4.7-fold increased risk of limb reduc- 
tion defects in infants exposed in utero to sex hormones (oral contra- 
ceptives, hormone withdrawal tests for pregnancy, or attempted 
| treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data 
_ | suggest that the risk of limb reduction defects in exposed fetuses is 
- | somewhat less than 1 per 1000. In the past, female sex hormones 
have been used during pregnancy in an attempt to treat threatened or 
_ | habitual abortion. There is considerable evidence that estrogens are 
| ineffective for these indications, and there is no evidence from well 
-| controlled studies that progestogens are effective for these uses. If 
| ESTRACE® (estradiol) is used during pregnancy, or if the patient 
..| becomes pregnant while taking this drug, she should be apprised of 
`i the potential risks to the fetus and the advisability of pregnancy 
continuation. 



























































< Indications: Tablets: Moderate to severe vasomotor symptoms associ- 
- ated with the menopause (There is no evidence that estrogens are effec- 
~ tive for nervous symptoms or depression which might occur during 
: menopause, and they should not be used to treat these conditions): 
atrophic vaginitis; kraurosis vulvae; female hypogonadism: female 
‘Castration; primary ovarian failure; breast cancer (for palliation only) in 


- appropriately selected women and men with metastatic disease: prostatic 


- Carcinoma—palliative therapy of advanced disease. Vaginal Cream: 

- Atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS NOT BEEN 

- SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREG- 

: NANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS 
(SEE BOXED WARNING). 
Contraindications: Known or suspected cancer of the breast, except in 
appropriately selected patients being treated for metastatic disease; 


| Known or suspected estrogen-dependent neoplasia; known or suspected 


“pregnancy (See Boxed Warning); undiagnosed abnormal genital bleed- 
<. ing; active thrombophlebitis or thromboembolic disorders; a past history 
- Of thrombophlebitis, thrombosis or thromboembolic disorders associated 
-with previous estrogen use (except when used in treatment of breast or 
-prostatic malignancy). 

- Warnings: Estrogens increase the risk of carcinoma of the endometrium 


{See Boxed Warning). Prescribe cautiously in women with a strong family 






-history of breast cancer or with breast nodules, fibrocystic disease, or 












abnormal mammograms. A 2- to 3-fold increase in the risk of surgically. 
confirmed gallbladder disease has been reported in women receiving 
postmenopausal estrogens. There is an increased risk of thrombosisin — 
men receiving estrogens for prostatic cancer and women for postpartum 
breast engorgement. If feasible, estrogen should be discontinued at least 
4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization: Estro- 
gens should not be used in persons with active thrombophlebitis or _ 
thromboembolic disorders or (except in treatment of malignancy) with a 
history of such disorders in association with estrogen use; they shouid be 
used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large — 
doses (5 mg conjugated estrogens per day), comparable to those used to 
treat cancer of the prostate and breast, have been shown to increase the 
risk of nonfatal myocardial infarction, pulmonary embolism, and thrombo- 
phlebitis; when estrogen doses of this size are used, any of the thrombo- 
embolic and thrombotic adverse effects associated with oral 
contraceptives should be considered a clear risk. Hepatic adenomas. 
should be considered in estrogen users having abdominal pain and 
tenderness, abdominal mass. or hypovolemic shock. Increased blood 
pressure occurs with use of estrogens in the menopause, and blood pres- 
sure should be monitored, especially with high doses. Diabetic patients 
should be carefully observed for decreased glucose tolerance. Estrogens 
may lead to severe hypercalcemia in patients with breast cancer and 
bone metastases; if this occurs, the drug should be stopped and appro- 
priate measures taken to reduce the serum calcium level. 

Precautions: Generail—A complete medical and family history should be 
taken prior to initiation of therapy. Pretreatment and periodic physical 
examinations should include special reference to blood pressure, 

breasts. abdomen, and pelvic organs, and should include a Papanicolaou 
smear. As a general rule, estrogen should not be prescribed for longer 
than one year without another physical examination. Conditions influ- 
enced by fluid retention, such as epilepsy, migraine, and cardiac or renal 
dysfunction, require careful observation. Undesirable manifestations of 
excessive estrogenic stimulation, such as abnormal or excessive uterine 
bleeding, mastodynia, etc, may develop. Patients with a history of 
depression should be carefully observed. Pre-existing uterine leiomyo- 
mata May increase in size during estrogen use. Pathologists should be 
advised of estrogen therapy when relevant specimens are submitted. If 
jaundice develops, discontinue use while cause is investigated. Adminis- 
ter with caution in patients with impaired liver function, metabolic bone 
diseases associated with hypercalcemia, or renal insufficiency and in 
young patients with incomplete bone growth. The following endocrine and 
liver function tests may be affected by larger estrogen doses: increased 
sulfobromophthalein retention; increased prothrombin and factors VH, 
VIH, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability; increased thyroid binding globulin (TBG) 
leading to increased circulating totai thyroid hormone, as measured by 
PBI. T4 by column, or T4 by radioimmunoassay: free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unal- 
tered; impaired glucose tolerance; decreased pregnanediol excretion: 
reduced response to metyrapone test; reduced serum folate concentra- 
tion: increased serum triglyceride and phospholipid concentration. 
information for the Patient—See text of Patient Package Insert. 
Pregnancy Category X—See Contraindications and Boxed Warning. 
Nursing Mothers — Administer to nursing mothers only when clearly 
necessary. 

The 2-mg tabiets contain FD&C Yellow No. 5 (tartrazine), which may 
cause allergic-type reactions {including bronchial asthma) in certain 
susceptible individuals, frequently those who also have aspirin 
hypersensitivity. 

Adverse Reactions: (See Warnings regarding induction of neoplasia, 
adverse effects on the fetus, increased incidence of gall bladder disease. 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions have been 
reported: Genitourinary system—Breakthrough bleeding, spotting. 
change in menstrual flow: dysmenorrhea; premenstrual-like syndrome; 
amenorrhea during and after treatment: increase in size of uterine fibro- 
myomata; vaginal candidiasis; change in cervical eversion and in degree 
of cervical secretion: cystitis-like syndrome. Breast— Tenderness, 
enlargement. secretion. Gastrointestinal-—-Nausea, vomiting; abdominal 
cramps, bloating: cholestatic jaundice. Skin—Chloasma or melasma 
which may persist when drug is discontinued; erythema multiforme, 
erythema nodosum, hemorrhagic eruption, loss of scalp hair, hirsutism. 
Eyes ~--Steepening of corneal curvature; intolerance to contact lenses. 
CNS--Headache, migraine, dizziness; mental depression: chorea. 
Miscellaneous —increase or decrease in weight, reduced carbohydrate 
tolerance, aggravation of porphyria, edema, changes in libido. 

How Supplied: Tablets, containing 1 mg (lavender) and 2 mg (turquoise) 
micronized estradiol, in bottles of 109 and compacts of 25; Vaginal 
Cream, each gram containing 0.1 mg 178-estradiol in a nonliquefying 
base containing purified water, propylene glycol, steary! alcohol, white 
ceresin wax, glyceryl monostearate. hydroxypropyl methyicellulose, 
sodium lauryl sulfate, methyiparaben, disodium edetate, and 
t-butylhydroquinone, in 112-0z (42.5-g) tubes with calibrated plastic 
applicator for delivery of 1,2,3, or 4 g and in 112-0z (42:5-0) refill tubes. 
For Prescribing information. please see physician package insert. 
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OBSTETRICS-GYNECOLOGY 


POSITION AVAILABLE IN THE OB-GYN DE- 
PARTMENT OF A 100+ PHYSICIAN MUL- 
TISPECIALTY GROUP WITH A WELL ES- 
TABLISHED SATELLITE SYSTEM. 300,000 
PATIENT POPULATION BASE. PRACTICE 
STATE OF THE ART MEDICINE IN A RELA- 
TIVELY RURAL AREA WITH NEARBY NA- 
TIONAL RECREATION AREA. LARGE 
CITIES READILY ACCESSIBLE BY PARK- 
WAY. WELL EQUIPPED 400-BED HOSPITAL 
WITH NEONATAL NURSERY AND FULL 
RANGE OF ANCILLARY SERVICES. ALL 
MEDICAL AND SURGICAL SUBSPE- 
CIALTIES REPRESENTED ON STAFF. 
GUARANTEED MINIMUM OF $100,000 AN- 
NUAL SALARY BASE WITH EARLY PAR- 
TICIPATION IN THE CLINIC’S PRIMARILY 
INCENTIVE BASED INCOME DISTRIBU- 
TION SYSTEM. PLEASE SEND CUR- 
RICULUM VITAE TO: 


Assistant Medical Director 

Trover Clinic 

Clinic Drive 

Madisonville, Kentucky 42431 
or 

Call Collect: 502-825-7470 


3400 Rivermont Avenue, Lynchburg. VA 24503 
Telephone: 804-522-4000 


PERINATOLOGIST/OBSTETRICIANS 
BOARD CERTIFIED OR ELIGIBLE 


Virginia Baptist Hospital is seeking to employ an American 
trained perinatologist to establish a perinatal regional referral 
center. The oerinatologist will administer the high risk referral 
system for both the region and private physicians. 


Virginia Baptist Hospital has been proposed s one of the seven 


perinatal centers in Virginia. We average 2,500 deliveries annu- 
ally and provide full neonatology services. The hospital is cur- 
rently pa ean in a state grant serving a region comprised of 


nine counties with a population 450,000. The obstetrical ser- 
vices and the NICU were relocated in a new addition to the 
hospital in the fall of 1982 providing a complete scope of ser- 
vices from birthing rooms to cesarean section suite. In addition, 
Virginia Baptist Hospital is committed to providing a full spec- 
trum of birthing options. 

Virginia Baptist Hospital is a full-service JCAH accredited 384- 
bed hospital located at the foot of the Blue Ridge Mountains in 
Central Virginia convenient to summer and winter resorts and 
historic sites. Excellent benefit and salary package inclusive of 
professional liability coverage. 

Submit ©.V. to Dianne T. Nash, Vice President, Virginia Baptist 
Hospital, Rivermont Avenue, Lynchburg, Virginia, 24503 ot call 
(804) 522-4521. 





fr Virginia Baptist Hospital 


FACULTY OPENINGS IN 
OBSTETRICS AND 
GYNECOLOGY 


1. Perinatology 

2. Gynecologic Endocrinology 

3. General Obstetrics/Gynecology 

4. Family Planning 

5. Gynecologic Oncology 
Rank and salary: negotiable, commensurate 
with training and experience. 
Qualifications: M.D. with eligibility for certifica- 
tion by American Board of Obstetrics and 
Gynecology and, where applicable, certifica- 


-tion (or eligibility for) in subspecialty is desir- 


able. Interest and experience in under- 
graduate and graduate education, clinical 
and/or basic research, and clinical practice of 
obstetrics and gynecology. 
For further information, please contact: 
Wiliam J. Dignam, M.D. 
Acting Chairman 
Dept. Obstetrics & Gynecology 
UCLA School of Medicine 
Los Angeles, California 90024 
Affirmative Action/Equal Opportunity Employer 


Instructor /Assistant 


Professor 
Department of Obstetrics & Gynecology 


Applicant must have completed an accredited 
residency in Obstetrics and Gynecology anda 
Fellowship in Reproductive Endocrinology or 
Maternal Fetal Medicine with special interest 
in Genetics and/or Sonography. Applicant will 
participate in students, Resident and Fellow 
training, clinical care of women at Parkland 
Memorial Hospital, and basic and clinical re- 
search. Must be eligible for Texas licensure. 
Interested persons send curriculum vitae to: 


F. Gary Cunningham, M.D. 
Professor and Chairman 
Department Obstetrics and Gynecology 
University of Texas Health Science Center 
5323 Harry Hines Boulevard 
. Dallas, Texas 75235-9032 
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AN 
DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
UNIVERSITY OF ILLINOIS COLLEGE 
OF MEDICINE AT ROCKFORD 


We seek to appoint at a Professorial level, a 
Board Certified M.D. in Obstetrics and Gyne- 
cology, who will provide academic leadership, 
sound management and innovative pro- 
grammatic conceptualization to the educa- 
tional, research and service elements of our 
Department of Ob/Gyn. A clinical role is desir- 
able, and in certain areas of specialization i.e. 
gynecological oncology, a regional opportu- 
nity exists through the OB/Gyn University 
Teaching Service, at our affiliate, Swedish- 
American Hospital. Applications should be re- 
ceived no later than May 1, 1987, with an an- 
ticipated starting date in September, 1987. 
Nominations and applications should be di- 
rected to Robert Klint, M.D., MHA, Chairman, 
Search Committee, University of Illinois Col- 
lege of Medicine at Rockford, 1601 Parkview 
Ave., Rockford, IL 61107. 


The University of Illinois is an Affirmative Action/Equai 
Opportunity Employer 
JMP-56 


CHAIRPERSON 
DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 


The Knoxville Unit of the University of Tennes- 
see College of Medicine is seeking a Chair- 
person for the Department of Obstetrics and 
Gynecology for the University of Tennessee 
Medical Center at Knoxville. This medical cen- 
ter is located in East Tennessee and is a 602 
bed teaching hospital with research facilities. 
The position requires leadership ability and a 
record of commitment to patient care, educa- 
tion, and research. The applicant must be 
board certified in Obstetrics and Gynecology 
and possess the academic qualifications for 
Associate Professor or Professor. 

Please submit your curriculum vitae to Ed- 
ward Buonocore, M.D., Chairman, Ad Hoc 
OB/GYN Advisory Committee, University of 
Tennessee Medical Center at Knoxville, 1924 
Alcoa Highway, Knoxville, TN, 37920. 


An Affirmative Action/Title IX/Section 504 Employer. 


Maternal-Fetal Medicine 


Hennepin County Medical Center and the 
University of Minnesota seek a faculty 
member to teach and conduct research in 
Maternal-Fetal Medicine. Candidates must 
have six years post M.D., board qualified or 
certified in Materna'-Fetal Medicine will be 
considered at the Assistant Professor level. 
Recruiting deadline is April 30, 1987. 
Hennepin County Medical center and the Uni- 
versity of Minnesota are equal opportunity 
employers and specifically invite and encour- 
age applications from women and minorities. 
Address inquiries to: 

Bruce A. Work, Jr., M.D. 

Professor and Head 
Obstetrics and Gynecology 
University of Minnesota 
Box 395 UMHC 
420 Delaware Street S.E. 
Minneapolis, Minnesota 55455 


CHAIRPERSON 
DEPARTMENT OF 
OBSTETRICS/GYNECOLOGY 


The University of Nebraska College of 
Medicine is searching for a Chairperson of 
Obstetrics and Gynecology. Applications 
are sought from board certified individuals 
with established credentials in research 
and demonstrated leadership in educa- 
tion. Interested applicants should. submit 
a curriculum vitae by March 15, 1987 to: 
Chairman, Obstetrics and Gynecology 
Chairman Advisory Committee, Office of 
the Dean, University of Nebraska College 
of Medicine, 42nd Street and Dewey Av- 
enue, Omaha, Nebraska 68105. The Uni- 
versity of Nebraska is an Affirmative 
Action/Equal Opportunity Employer. 





OBSTETRICIAN/ 
GYNECOLOGIST 


The Smith-Glynn-Callaway Clinic, inc., 
located in Springfield, Missouri, is seeking 
a physician university trained, board eligi- 
ble or certified in obstetrics/gynecology to 
join its 66-physician, multispecialty group 
practice serving a regional population 
area of 1,000,000+. Competitive salary 
with bonus/production incentive. Fringe 
benefits package includes life, health, 
pension plan, vacation, paid meeting ex- 
penses. Four hospitals with combined 
bed capacity of 1,766. Excellent secon- 
dary schools, four universities. Please call 
or write to Administrator, 3231 South Na- 
tional, Springfield, MO. 65807 or call col- 
lect 417-883-7422. 


MATERNAL-FETAL MEDICINE 
(Board eligible or Certified) 


600 Bed University-affiliated Level III Hospital 
with 3,000 deliveries/year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB/GYN 
residency program has immediate opening for 
a full-time position in perinatology. Duties to 
include residency teaching, maternal transfer 
care, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- 
lent public school system, housing, and Lake 
St. Clair in very close proximity. 
CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 


GYNECOLOGIC 
ONCOLOGIST 


The Allentown Hospital, with the 5th largest obstet- 
rical service in Pennsylvania, is actively seeking a 
board certified or board eligible gynecologic on- 
cologist for private practice and to provide leader- 
ship and medical education in gynecologic oncol- 
ogy. 

The Hospital, a component of the HealthEast Sys- 
tem, is located in the very desirable Lehigh Valley, 
in close proximity to all major East Coast cities. It 
sponsors a fully accredited OB/GYN residency pro- 
gram and has a major medical school affiliation. 
The Hospital co-sponsors a Comprehensive Com- 
munity Cancer Center and offers a special interest 
gynecology group from miulti-disciplinary spe- 
cialties. There are no Board certified or Board eligi- 
ble gynecologic oncologists in the Lehigh Valley, 
and the position provides a superb opportunity to 
establish a subspecialty practice and be integratly 
involved in a major regional teaching program. 


Submit C.V. in complete confidence to: 


sze-ya Yeh, M.D. 
Chairman, Department of Obstetrics/Gynecology 
The Allentown Hospital 
17th & Chew Streets 
Allentown, Pennsylvania 18102 
(215) 778-2412 


OB-GYN 


OBSTETRICIAN - GYNECOLOGIST 
wanted to join a progressive and pros- 
perous three-man practice. Outstand- 
ing opportunity for a well-trained, 
Board-eligible, OB-GYN physician. 
This practice is string in High-risk 
Obstetrics, Infertility, Counseling, etc. 
Working out of a Level {il hospital. 
send C.V. to: 


Drs. Trabin, Manko, & Litt 
1401 Forum Way #200 
West Palm Beach, FL:-33401 
Phone: 305 689-8780 









Consider 


MiltallinieGtionees 


Bacteroides fragilis is the 
major anaerobic pathogen’ 


“The most common anaerobic organism is B fragilis, isolated 
in 80 to 95 percent of patients with colorectal perforation.” 


Against B fragilis, CEFOTAN has 
equal in vitro activity to cefoxitin**" 


Gorbach, Quintiliani, Neu, and others have studied a total of 
more than 900 isolates of B fragilis and determined that 
CEFOTAN and cefoxitin have equal in vitro activity.**" 


intra-abdominal infection 
is polymicrobial 


Tally and Gorbach report that B fragilis is the major anaerobic 
pathogen, while Escherichia coli is the primary aerobic isolate 


CEFOTAN has superior 
‘gram-negative activity compared 
with cefoxitin” 


“Spectrum of activity [of CEFOTAN] is distinguished by 
having the same anti-anaerobe"™ effect as cefoxitin coupled 
with enhanced activity against Esch. ccli and other 
Enterobacteriaceae.’” 

—CJ.L. Strachan- 


“in vitro activity does not necessarily correlate with in vivo effectiveness. 
tMost strains of 8 distasonis, B ovatus, and 8 thetaictaomicron are resistant to CEFOTAN. 





The Facts 


CEFOTAN is cost-effective 


Twice-daily CEFOTAN can save 45% in treatment costs and 
single-dose prophylaxis with CEFOTAN saves 63% when 
compared with a three-dose regimen of cefoxitin? 


Fact No.5 


Conclusion 


The facts now favor CEFOTAN 


CEFOTAN is an ideal agent in the treatment of intra- 

abdominal infections due to susceptible pathogens including 

Bacteroides species such as 8 fragilis, but not B distasonis, 

B ovatus, or B thetaiotaomicron. : 
As active as cefoxitin against Bacteroides fragilis— 

the most common anaerobe in intra-abdominal sepsis— _ 

CEFOTAN provides superior gram-negative coverage and 

is particularly active against £ coli and other common gram- 

negative pathogens. 


In intra-abdominal infection 
due to indicated organisms 


Switch to 


CEFOTAN... 


(cefotetan disodium) 


The cost-effective replacement for cefoxitin 


Please see the following sage for brief +Based an overall costs of antibiotic preparation and delivery 4 for comparable regimens: 


summary of prescribing information. 


Treatment—CEFOTAN, 29 x 2; cefoxitin!S 2 g x 4. Prophylaxis—-CEFOTAN 2g x 1; cefoxitin!s 2g x 3. 





CEFOTAN... 


cefotetan disodium 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


pellet tract infections caused by E coli, Klebsiella species (including K pneumoniae}, Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
retigeri, and Morganelia morganii). 


Lower respiratory tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
"e {including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 

and £ coli. 


Skin and skin structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci}, and E coli. 


Gynecologic infections caused by Staphylococcus aureus? (including penicillinase- and nonpenicii- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species ,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus speciest). 


intra-abdominal infections caused by £ coli, Klebsiella species {including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, - 
B thetaiotaomicron). 


Sone and joint infections caused by Staphylococcus aureus.t 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
tEfficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral id pa biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

__ if there are signs and symptoms of infection, specimens tor culture shouid be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN Is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product shoutd be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any eee who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug, 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); theretore, it is Important to consider its diagnosis In patients who develop 
diarrhea in association with antibiotic use, 

Treatment with broad-spectrum antibiotics may alter normal fora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one pan 
cause of antibiotig-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro, i 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
ANOO 25500A pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superintection 
does occur during therapy, appropriate measures should be taken. l 
in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
poe activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
ional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. S: 
CEFOTAN should be used with caution in individuals with a history ot gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disuifiram-ijike reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: [f CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher sd i of the aminogiycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to tate childhood and peur in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent: at 120 mg/kg/day anio 2-4 times the usua! human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was miid. Similar lesions have been 
observed in experiments of comparable design with other methyithiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for $ weeks, or in infant dogs 
{3 weeks old} that received up to 300 mg/kg/day IV for 5 weeks. Tha relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: regan Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 
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USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred ir 1.4 percent of patients and included eosinophilia 
{1 in 200), positive direct Coombs’ test (7 in 250), and thrombocytosis {1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percen of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). f 


Hypersensitivity reactions were reported in t.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). ` 


Local effects were reported in jess than cne percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grar s of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary tract 1-4 grams 509 mg every 12 hours IV or IM 

{ or 2 g every 24 hours IV or iM 

1 or 2 g every 12 hours IV or iM 
Other Sites 2-4 grams 1 or2q every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6” grams 3g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To preven postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In pases underjoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function s impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 

10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose“ Every 48 hours 


* Dose determined by the type and severity of infectian, and susceptibility of the causative organism. 


_ Cefotetan is Gaya and itis recommended that for patients undergoing intermittent hemadiaty- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-haif ihe usual recommended dose on the day of dialysis, 


HOW SUPPLIED 

CEFOTAN is a dry, white to pal2 yellow powder suppl ed in vials containing cefotetan disodium 
equivalent to tg and 2 g cetotetan activity for intravenous and intramuscular administration. The fg 
dose is available in 10 mL and 160 mL viais, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at it alae above 22°C and should be protected from light. 

1 gin 10 ml vial (NDC 0038-0376-1 

2g in 20 mL vial (NDC 0038-0377-20 

t gin 100 mt vial NDE 0038-9376-1 |} 

29 in 100 mL vial {NDC 6038-0377-21 
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Maternal age and primary cesarean section rates: A 


multivariate analysis 


Michelle Martel, M.D., Sholom Wacholder, Ph.D., Abby Lippman, Ph.D., 


John Brohan, B.Sc., and Emily Hamilton, M.D.C.M. 
Montreal, Quebec, Canada 


To study the effect of maternal age on primary cesarean section rates, 3458 consecutive deliveries were 
analyzed, The cesarean section rates in primiparous women less than 25, 25 to 34, and over 34 years of 
age were 13.1%, 18.5%, and 28.2%, respectively. A similarly dramatic rise with advancing maternal age 
was seen in multiparous women with rates of 3.4%, 4.7%, and 10.1%, respectively, in the three age 
groups. The strong association between cesarean section and maternal age persisted after multivariate 
adjustment for induction of labor, epidural anesthesia, meconium-stained amniotic fluid, and fetal distress, 
and thus these factors do not explain the relationship. (Am J Oaster Gynecol 1987;156:305-8.) 


Key words: Cesarean section, primary; maternal age 


Cesarean section rates have been increasing steadily 
in Canada, from 6.0% in 1970 to 17.1% in 1983." Little 
consensus exists on the reasons for this increase. One 
suggestion has been that the increasing age of the ob- 
stetric population contributes to this trend.’ Wadhera 
and Nair! reported a steady rise in the total cesarean 
section rate with maternal age. Nevertheless, because 
age-related primary rates are not available and because 
repeat cesarean sections, which would be more fre- 
quent among older women, are not excluded from most 
statistical summaries, the precise relationship between 
maternal age and cesarean section rates is unknown 
and explanations of it can only be speculative. This 
study was designed to analyze directly the effects of 
maternal age on primary cesarean section rates, taking 
into consideration other factors that might vary with 
maternal age. 


Material and methods 


All deliveries at the Sir Mortimer B. Davis Jewish 
General Hospital in Montreal, occurring from April 
1984 to August 1985, were reviewed. After exclusion 
of those that were complicated by multiple gestation, 
stillbirth, placenta previa, or breech presentation and 
those in which cesarean section was performed because 
of a previous cesarean section, 3458 deliveries re- 
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mained for analysis. These were grouped into three 
maternal age categories and according to whether the 
woman was primiparous or multiparous. 

For each of the deliveries, information on the pres- 
ence or absence of meconium, induction of labor, epi- 
dural anesthesia, fetal distress, maternal diabetes, hy- 
pertension, l-minute Apgar scores, and birth weight 
was taken from the computerized delivery record com- 
pleted at the time of delivery. 

Various clinical methods are used to assess fetal 
health. Electronic monitoring of fetal heart rate was 
done in all patients in whom the diagnosis of fetal dis- 
tress was made. Fetal scalp blood or cord blood samples 
were only rarely available. The antepartum diagnosis 
of fetal distress was made if there were persistent de- 
celerations that may have been associated with changes 
in variability of the baseline fetal heart rate. Decreased 
variability alone was not considered fetal distress. The 
category of hypertension included all cases of hyper- 
tension requiring treatment and those in which the 
blood pressure was persistently >140/90 mm Hg in 
labor. The l- and 5-minute Apgar scores were used to 
assess infants in whom the diagnosis of fetal distress 
was made. Because all cesarean sections for fetal dis- 
tress were attended by neonatal staff, it was considered 
that the 5-minute Apgar scores would be influenced by 
resuscitation efforts and would mask the effect of fetal 
distress. 

Analyses were performed separately for primiparous 
and multiparous women. Crude odds ratios were used 
as a preliminary measure of the association between 
maternal age and cesarean section. Because other fac- 
tors related to maternal age and cesarean section could 
distort the association between these two variables, we 
carried out a multivariate logistic regression analysis 
wherein the dependent variable was presence or ab- 
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Table I. Primary cesarean section rates in the various age and parity groups 





Cesarean 
Total section 
No. (%) 
Primiparous women 602 13.1 
Multiparous women 261 3.4 





Table II. Frequency of obstetric factors related to cesarean section 


Primiparous | Multiparous 
women women 

Obstetric factor (N = 602) (N = 261) 
Induction of labor 13.9 6.1 
Epidural anesthesia 54.2 21.4 
Meconium 11.9 11.1 
Fetal distress 3.8 Bi 
Diabetes 1.8 0.8 
Hypertension 5.8 Ll 
Macrosomia (>4000 gm) 7.4 8.8 


Frequency expressed as percent. 


Table IIIA. Frequency of the three major 
indications for cesarean section in 
primiparous women 






Maternal age 


Indication 


Dystocia 7.1 l.l 
Fetal distress 3.3 4.6 8.1 
Preeclampsia 1.3 3.1 


Frequency expressed as percent. 


sence of cesarean section and the independent variables 
were meconium staining of the amniotic fluid, induc- 
tion of labor, epidural anesthesia, and fetal distress.’ 
Adjusted odds ratio estimates were obtained from the 
regression coefficients of the model. These adjusted 
odds ratio estimates are free from the confounding 
effects of the other variables in the model. Diabetes and 
macrosomia were not themselves indications for cesar- 
ean section and therefore were not considered as co- 
variates. 

To investigate whether different diagnostic stan- 
dards were applied to older women, we looked at the 
frequencies of low l-minute Apgar scores, a marker of 


fetal distress, in the different age groups. If the diag- 


nosis of fetal distress was applied similarly to women 





Maternal age 
235 yr 
Cesarean Cesarean 
Total section Total section 
No. (%) No. (%) 
1017 18.5 99 28.2 
1201 4.7 278 10.1 
Maternal age 
235 yr 


Primiparous Multtparous Primiparous Multiparous 
women women women women 
(N = 1017) (N = 1201) (N = 278) 
15.2 11.8 13.1 11.8 
55.6 26.3 51.5 26.2 
12:7 9.0 14.) 13.3 
5.0 Le 8.1 2.2 
3.0 2.7 6.1 4.3 
5.6 2:3 7.1 1.4 
7.3 9.5 5.1 13.7 


Table IIIB. Frequency of the three major 
indications for cesarean section in 
multiparous women 






Maternal age 


Indication 


Dystocia 0.8 1.6 5.0 
Fetal distress LI 1.4 1.8 
Abruptio placentae — 0.2 ll 


Frequency expressed as percent. 


of different ages, the frequency of low I-minute Apgar 
scores should be the same im all age groups among 
women undergoing cesarean section for fetal distress. 


Results 


Women aged 35 years and older constituted 10.9% 
of the total population, representing 5.8% of the 
primiparous women and 16.0% of the multiparous 
women. The overall cesarean section rate was 11.2% 
and the rates for each age-parity group are presented 
in Table I. There was a striking increase in rates in the 
primiparous women (x? = 15.8, p < 0.0005). Cesarean 
section rates were lower in the multiparous women, but 
there was still evidence of a significant increase with 
age (x? = 12.2, p < 0.0005). 
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Table IVA. Crude and adjusted* odds ratio 
estimates of the association between maternal 
age and cesarean section in 

primiparous women 











25-347 1.50 0.22 2.00 032 
>35} 2.51 0.66 3.56 0.97 


*Adjusted for the presence or absence of induction of labor, 
epidural anesthesia, meconium, and fetal distress. 


tCompared with women under 25 vears of age. 
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Table IVB. Crude and adjusted* odds ratio 
estimates of the association between maternal 
age and cesarean section in 

multiparous women 






Adjusted” 






25-34F 1.32 0.48 1.27 0.55 
>35T 3.14 1.23 3.49 1.58 


*Adjusted for the presence or absence of induction of labor, 
epidural anesthesia, meconium, and fetal distress. 


+Compared with women under 25 years of age. 


Table V. Frequency of l-minute Apgar scores of <5 in infants of women having cesarean section for 


fetal distress 


S24 yr 


Maternal age 


25 to 34 yr 23S yr 


Primiparous women 5/20 20.0 
Multiparous women 1/3 33.3 


A number of obstetric factors that may be associated 
directly or indirectly with a higher probability of ce- 
sarean section and their distribution according to ma- 
ternal age are shown in Table II. As can be seen, there 
were no major differences in the frequencies of in- 
duction of labor, epidural anesthesia, or meconium in 
the various age or parity groups. Although fetal distress 
appeared to occur more frequently in the oldest age 
group, its relative rarity suggests that it cannot account 
for the increasing cesarean section rates. 

Rates of dystocia among all of the age groups are 
presented in Tables IIIA and HIB. It should be noted 
that dystocia is poorly defined clinically and the term 
is generally applied only when a cesarean section is 
performed. As a result it is not a useful covariate. 

Dystocia, fetal distress, preeclampsia, and abruptio 
placentae were the major indications for cesarean sec- 
tion in this selected study population and their fre- 
quencies in the various age groups are shown in Tables 
IITA and IIIB. These indications account for 84.5% 
and 71.0%, respectively, of all the cesarean sections in 
the primiparous and multiparous women. None of the 
other indications for cesarean section occurred in more 
than 2% of the women in this selected population. 

Crude and adjusted odds ratios together with their 
standard errors are found in Tables [VA and IVB. For 
example, in Table IVA the crude estimate of the odds 
ratio in women aged 25 to 34 years shows them to be 
1.5 times more likely to have a cesarean section than 
are primiparous women under 25 years of age. When 


11/47 23.4 2/8 25.0 
4/17 23.5 1/5 20.0 


the analysis is done by removing the effects of possibly 
confounding covariates, these same women are found 
to be 2.0 times more likely to have a cesarean section 
than are women under 25 years of age. The age effect 
is highly significant (p < 0.0005) for all of the analyses. 
The odds ratios are not substantially affected by the 
inclusion of the adjusting factors, suggesting that these 
factors alone or in combination do not explain the as- 
sociation between age and cesarean section. 

The frequencies of low 1l-minute Apgar scores 
among infants of women having a cesarean section for 
fetal distress were similar in the three age groups of 
primiparous and multiparous women (Table V). From 
this distribution, it would appear that fetal distress is 
being diagnosed similarly in the older and younger 
women even though it is more common among the 
older women. 


Comment 


Analysis confirms the association between maternal 
age and cesarean section rates, with dramatic increases 
seen among both primiparous and multiparous women. 
Results of multivariate analysis indicate that the in- 
creased rates are not an artifact resulting from the ef- 
fects of the chosen covariates inasmuch as the adjusted 
rates do not vary substantially from the crude rates. Ix 
other words, even after adjustment for the covariates, 
the strong association between maternal age and ce- 
sarean section persists. 

This analysis was restricted to variables available rou- 
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tinely from the delivery record. It is possible that un- 
measured factors could explain the age and cesarean 
section association. These factors could include socio- 
economic status, parental anxiety, or previous infertil- 
ity, for example. It is unlikely, however, that they would 
include medical factors, since these would be subsumed 
in the chosen covariates. 

It may also be that the increased rate in older women 
results from physician beliefs that this group is at in- 
creased risk for labor complications and that cesarean 
section can circumvent these problems. This is in agree- 
ment with the observations of Kirz et alë More needs 
to be learned about how physicians make management 
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decisions and whether these decisions are the most ap- 
propriate for older women. 
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Prenatal diagnosis and management of congenital defects of 


the anterior abdominal wall 
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Between the years 1980 and 1985, 25 cases of anterior abdominal wail defects were identified within the 
University of Toronto Perinatal Complex. There were 17 cases of omphalocele and eight cases of 
gastroschisis. Associated anomalies were found in 71% of infants with omphalocele and 50% with 
gastroschisis. They were the major cause of neonatal death. Prematurity was the second most common 
cause of death. The neonatal death rate was 59% in omphalocele and 38% in gastroschisis; the 
prematurity rates were 53% and 50%, respectively. In omphalocele, there was a 47% cesarean section 
rate, with a 50% neonatal death rate. Vaginal delivery was associated with a 67% death rate. In 
gastroschisis, there was a 50% cesarean section rate, with a 50% neonatal death rate. Vaginal delivery 
was associated with a 25% death rate. There is no evidence that cesarean section offers improved 


neonatal survival. (Am J Osster GYNECOL 1987;156:308-12.) 


Key words: Omphalocele, gastroschisis, prenatal diagnosis, ultrasound 


The incidence of omphalocele is in the order of one 
in 4000 to one in 5000 live births, while that of gas- 
troschisis is about one in 10,000 to one in 12,000 live 
births.” ? Even though the incidence is relatively low, 
increased neonatal survival in the past decade has re- 
sulted in greater attention being paid to these congen- 
ital abnormalities. 

These increased survival rates are secondary to ad- 
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vances within neonatal intensive care units, improve- 
ment in intravenous nutrition, better infection control, 
and development of new surgical techniques. For this 
reason, greater attention must be paid to the antenatal 
diagnosis, counseling, and management of these con- 
ditions. 

Omphalocele is a defect of the umbilical ring and 
medial segments of the two er-bryonic lateral abdmonal 
wall folds. A sac is present into which intra-abdominal, 
and occasionally intrathoracic, contents may herniate. 
The inner layer of the sac consists of peritoneum and 
the outer layer consists of amnion. The umbilical cord 
insertion arises from the sac. 

Gastroschisis is characterized by intestinal herniation 
through a defect in the anterior abdominal wall. This 
defect is usually to the right of the umbilicus. The um- 
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Table I. Omphalocele: Associated anomalies and neonatal outcomes 


Case | Chromosome analysts 
No. after amniocentesis Associated anomalies 


Outcome 


l Trisomy 18 Patent ductus arteriosus, patent foramen ovale, re- Neonatal death 
nal dysplasia, craniofacial-skeletal anomalies 
2 Trisomy 18 Tetralogy of Fallot, scoliosis Sullbirth 
3 Trisomy 13 Atrial septal defect, ventricular septal defect, hypo- Neonatal death 
plastic genitalia, craniofacial anomalies 
4 46,XX (17p-) Cardiomegaly, neural tube defect Died at 10 mo of congestive heart 
failure 
5 Normal Pulmonary artery stenosis, coarctation of aorta, un- Neonatal death (respiratory failure) 
descended testicles, pulmonary hypoplasia 
6 Not done Ectopia cardis, bifid ureter, hypoplastic lung, uterine Neonatal death 
anomalies, skeletal anomalies 
7 Not done None Neonatal death (respiratory distress 
syndrome, prematurity) 
& Not done None Neonatal death (respiratory distress 
syndrome, prematurity) 
g Not done Meckel’s diverticulum Died at 31 days of bowel ob- 
struction 
10 ° Not done None Stillbirth (severe abruptio 
placentae) 
I] Normal Tetralogy of Fallot, pulmonary artery stenosis Survived (respiratory distress 
l syndrome) 
12 Normal Rectovesical fistula, short gut syndrome, imperforate Survived (cardiac arrest) 
anus, ambiguous genitalia 
13 Normal Anal stenosis, cloacal exstrophy, ambiguous genitalia Survived 
l4 Not done Ileal atresia, blepharophimosis, syndactyly Survived 
15 Normal Hypospadias Survived 
16 Normal None Survived (respiratory distress 
syndrome) 
17 Not done None Survived 


bilicus is not part of the defect. There is no sac covering 
the intestines. The intestines are thickened, edema- 
tous, and covered by an inflammatory exudate. These 
changes are thought to be secondary to the irritating 
effect of the amniotic fluid (pH 7.0). 

Ultrasound evaluation of omphalocele should in- 
clude the assessment of the size of the sac and the entry 
of the umbilical vessels into the sac. Accurate assess- 
ment of the herniated organs should be made. In ad- 
dition to intestines, organs that herniate may include 
the stomach, the liver, the spleen, and the heart. The 
umbilical cord enters the abdominal wall normally in 
gastroschisis. There is no sac present and the thickened 
intestines flow freely within the amniotic cavity. The 
herniated bowel will result in a cauliflower-like ap- 
pearance." Occasionally stomach and internal female 
genitalia may herniate as well. 

The purpose of this article is to summarize our ex- 
perience, review current literature, and then offer a 
reasonable outline for the prenatal diagnosis and man- 
agement of these patients. 


Method 


A 5-year experience (October 1980 to November 
1985) of four tertiary referral centers within the Uni- 
versity of Toronto Perinatal Complex has been re- 
viewed. Only the cases of abdominal wall defects in 


which it was elected to continue with the pregnancy 
were evaluated. Twenty-five cases were identified. 
Eight of these were transfered to the University of To- 
ronto Perinatal Complex from outside centers. 

Prematurity was defined as <37 completed weeks’ 
gestation. Small for gestational age was defined as ac- 
tual birth weight below the ninetieth percentile for the 
given gestational age.’ 


Results 


A total of 25 cases of abdominal wall defects were 
identified (17 with omphalocele and eight with gas- 
troschisis). None of the patients had prenatal serum 
levels of a-fetoprotein estimated. Ultrasound was per- 
formed in 65% (11 of 17) of cases of omphalocele and 
75% (six of eight) of cases of gastroschisis. Of those 
that had prenatal ultrasound evaluations, the diagnosis 
was made in 64% (seven of 11) of the cases of om- 
phalocele and 33% (two of six) of the cases of gastro- 
schisis. 

Associated anomalies were documented in 71% of 
infants with omphalocele and in 50% of infants with 
gastroschisis. The most common anomalies associated 
with omphalocele were: genitourinary, 47% (eight of 
17); cardiac, 41% (seven of 17); chromosomal, 40% 
(four, only 10 tested); musculoskeletal, 29% (five of 17); 
gastrointestinal, 29% (five of 17); and central nervous 
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Table II. Gastroschisis: Associated anomalies and neonatal outcomes 






] Not done None 


2 Normal Cleft palate 


3 Not done 

4 Not done Jejunal stenosis 

5 Not done Diaphragmatic hernia 
6 Not done None 

7 Not done None 

8 Not done None 


Large segments of small bowel atresia 


Outcome 


Neonatal death (fetal distress, birth 
asphyxia) 

Neonatal death (respiratory distress 
syndrome, prematurity) 

Neonatal death (necrotic bowel) 

Survived 

Survived 

Survived 

Survived 

Survived 





Table III. Prematurity and rate of small for 
gestational age 












Prematurity rate 


Rate of small for 
gestational age 





Omphalocele 35 6/17 53 9/17 
Gastroschisis 29 2L% 50 4/8 


*In one patient no birth weight was available. 


system, 6% (one of 17) (Table I). In contrast, there were 
only four anomalies in fetuses with gastroschisis. These 
were diaphragmatic hernia, cleft palate, jejunal ste- 
nosis, and small bowel atresia. The latter two are a 
complication of gastroschisis itself (Table II). 

The neonatal death rate was 59% (10 of 17) in cases 
of omphalocele (six deaths due to associated anomalies, 
two due to prematurity, one due to obstetric compli- 
cations, and one due to postoperative complications 
after repair of omphalocele) (Table I). 

In omphalocele there were 12 cases with associated 
anomalies. Neonatal death occurred in seven, for a 58% 
death rate. No infant with a chromosomal anomaly sur- 
vived. Six of seven infants with cardiac abnormalities 
died (four of the cardiac lesions were associated with 
chromosomal abnormalities). Two of five infants with 
gastrointestinal and four of eight infants with genito- 
urinary anomalies died; however, these deaths were 
secondary to other associated conditions. Musculoskel- 
etal abnormalities were seen in five cases, and four of 
these infants died. One infant with central nervous sys- 
tem abnormality died. However, these deaths were also 
secondary to other associated anomalies (Table I). 

There were five cases with no associated abnormal- 
ities. Two infants died of prematurity and one died of 
severe abruptio placentae. The neonatal death rate in 
this group was 60% (three of five) (Table I). 

There was a 38% (three of eight) death rate in cases 
of gastroschisis (one due to bowel atresia, one due to 
prematurity, and one due to an obstetric complication) 
(Table I). 


Table IV. Omphalocele: Liver herniation and 
neonatal outcome 





Death rate 


Liver herniation 88 7/8 
No liver herniation 33 3/9 


In gastroschisis there were four patients with no as- 
sociated abnormalities. Only one died, secondary to 
birth asphyxia (Table ID). 

The prematurity rates (<37 weeks’ gestation) for om- 
phalocele and gastroschisis were 53% and 50%, re- 
spectively. The infants were small for gestational age 
in 35% of cases of omphalocele and in 29% of cases of 
gastroschisis (Table III). 

Table IV indicates that liver herniation is associated 
with an 88% (seven of eight) neonatal death rate in 
cases of omphalocele. Three patients, in addition to 
liver herniation, had the spleen, stomach, and heart 
within the omphalocele sac. In all of these cases neo- 
natal death was recorded. Neonatal death was reported 
in one case of gastroschisis wnere the liver herniated. 

In omphalocele, there was a 47% cesarean section 
rate, with a 50% neonatal death rate. Vaginal delivery 
was associated with a 67% death rate. In gastroschisis, 
there was a 50% cesarean section rate, with a 50% neo- 
natal death rate. Vaginal delivery was associated with a 
25% death rate (Table V). 


Comment 


This is a descriptive study of 25 cases of abdominal 
wall defects. None of the results obtained here showed 
a statistically significant difference, as measured by the 
95% confidence interval or x* test. Confidence in the 
results can be obtained only after prospective con- 
trolled trials are performed. Because of the low inci- 
dence of this condition such trials would be difficult 
to obtain and none are currently available. Neverthe- 
less, some trends are becoming apparent from this ar- 
ticle. Recommendations are based on these trends and 
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Omphalocele 50 4/8 
Gastroschisis 50 2/4 


on the information available from the current lit- 
erature. 

This study shows that the overall accuracy of iden- 
tifying abdominal wall defects by ultrasound was only 
64% for omphalocele and 34% for gastroschisis. Anom- 
alies were missed in both the second and the third 
trimesters. This low detection rate is most likely due to 
the fact that some of these were routine ultrasound 
examinations performed at primary care centers. The 
value of detailed ultrasound, as an accurate tool in the 
diagnosis of abdominal wall defects, has been ade- 
quately documented.**** A careful ultrasound exam- 
ination cannot be overemphasized. 

Ultrasound should be used to differentiate between 
the two conditions, by the well-established criteria.” The 
size of the lesion should be established, as excessively 
large lesions have been said to result in dystocia and 
rupture of the sac. More importantly, identification of 
herniated organs should be documented. In this study 
liver herniation in omphalocele was associated with an 
88% neonatal death rate (Table IV). Spleen and heart 
herniation was associated with a 100% death rate. This 
finding is supported by Kirk et al.’° 

Ultrasound should be used to screen for other as- 
sociated anomalies. In this study, 71% of cases of om- 
phalocele were associated with other anomalies. Other 
large studies have reported slightly lower rates, be- 
tween 29% and 66%.'* '*" In this review, the only gas- 
troschisis-associated anomaly that could be detected by 
ultrasound was diaphragmatic hernia. 

Antenatal monitoring of the patients with continuing 
pregnancies should include serial ultrasound evalua- 
tions, not only to monitor abdominal wall defects but 
also to identify small for gestational age infants. The 
rate of small for gestational age in omphalocele was 
35%; in gastroschisis it was 29%. Carpenter et al.’ found 
20% and 77% rates of intrauterine growth retardation 
in omphalocele and gastroschisis, respectively. 

As there is an increased risk of premature labor and 
delivery, parents should be counseled about the pos- 
sibility of premature labor so that appropriate moni- 
toring and therapeutic measures can be instituted. The 
prematurity rate was about 50% in both omphalocele 
and gastroschisis. An increased prematurity rate was 
also noted by Grosfeld et al.° and Mayer et al.” 

Omphalocele but not gastroschisis is associated with 
major chromosomal abnormalities.** © These were 
seen in 40% of patients where amniocentesis was per- 


67 6/9 59 10/17 
25 1/4 38 3/8 


formed. Neonatal death was recorded in all of these 
infants. Therefore, in cases where omphalocele is sus- 
pected, amniocentesis is indicated. 

Major cardiac abnormality was seen in 41% of cases, 
of omphalocele, an incidence comparable to that of 
others.'* '> 1? Cardiac abnormalities in gastroschisis 
cases are much less common. The highest rate was re- 
ported by Mann et al.,'"*? where two of 16 patients had 
a cardiac anomaly. Others? è" report rates of 0% to 
8%. As the mortality rate associated with omphalocele 
and cardiac defect is 86%, fetal echocardiography 
should be performed. Further support for such inves- 
tigation is offered by Crawford et al.” 

In the past it was thought that cesarean section of- 
fered a better survival rate. For that reason several in- 
vestigators elected to perform cesarean delivery in cases 
where abdominal wall defects were diagnosed prena- 
tally.’* Currently several authors'® * have indicated that 
there is no clear evidence that cesarean section offers 
improved survival. Rupture of the sac is a relatively 
rare event and was seen in none of the omphalocele 
cases reported here. More importantly, neonatal death 
in all of the cases could be attributed to other compli- 
cating factors, mainly associated anomalies and pre- 
maturity. 

In infants with no associated anomalies good out- 
come can be anticipated. This is particularly true of the 
infants with gastroschisis. These infants are still at risk 
of neonatal death secondary to prematurity, obstetric 
complications, and postoperative complications. Most 
common postoperative complications include aspira- 
tion pneumonia, sepsis, and small bowel obstruction 
and infarction. 

Infants with abdominal wall defects should prefer- 
ably be delivered in a tertiary pediatric center with sur- 
gical experience to correct these defects. 

In conclusion, because of current medical advances, 
an increasing number of infants afflicted with abdom- 
inal wall defects are now surviving. For this reason it 
is important to identify prenatally those infants where 
a good prognosis can be anticipated. Where the prog- 
nosis is grave, because of the anomalies, a decision may 
have to be made about terminating the pregnancy. 

Fig. 1 shows a suggested plan of management for 
abdominal wall defects. The maternal serum a-feto- 
protein level has been shown to be elevated in abdom- 
inal wall defects.’* '’ Differential diagnosis of elevated 
a-fetoprotein values, seen in patients who are being 
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Fig. 1. Plan of management for abdominal wall defects. 


screened for neural tube defects, should include ab- 
dominal wall defects. Detailed ultrasound should there- 
fore be performed not only to look for neural tube 
defects but also to assess the integrity of the anterior 
abdominal wall. Herniated organs and other structural 
abnormalities should also be assessed. Termination of 
pregnancy should be considered in the presence of 
liver, spleen, and heart herniation. 

Should routine ultrasound show the presence of ab- 
dominal wall defects a similar detailed ultrasound eval- 
uation should be performed. Fetal echocardiography 
should be performed in both gastroschisis and om- 
phalocele cases. Amniocentesis is indicated only in 
omphalocele. Should the pregnancy continue careful 
monitoring for premature labor and for appropriate 
fetal growth should be carried out. Delivery should 
be performed in tertiary care centers with appropriate 
pediatric backup. As there is no evidence that cesar- 
ean section offers improved survival, vaginal delivery 
should generally be performed. 


10. 


I}. 


12. 
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Congenital heart disease in pregnancy: Short- and 


long-term implications 


J. Shime, M.D., E. J. M. Mocarski, M.Sc., M.D., D. Hastings, M.D., G. D. Webb, M.D., and 


P. R. McLaughlin, M.D. 
Toronto, Ontario, Canada 


One hundred forty-four pregnancies that occurred in 74 patients with congenital heart disease at the 
Toronto General Hospital between 1975 and 1986 were reviewed. The patients were divided into two 
groups, those with acyanotic lesions and those with cyanotic lesions. Maternal! and fetal outcomes in these 
two groups were compared. Patients with cyanotic lesions developed significantly more congestive heart 
failure ard deteriorated more often in functional cardiac status than those with acyanotic lesions 

(p < 0.005). Women with obstructive lesions had a higher incidence of pregnancy-induced hypertension 
than our general population (p < 0.005). There was one maternal death in the puerperium in a woman 
‘with Eisenmenger’s syndrome. Preterm births were more frequent in the cyanotic group {p < 0.01) as were 
small for gestational age infants (p < 0.005). In the cyanotic group the mean birth weight was 900 gm less 
than that in the acyanotic group (p < 0.005). The major benefits of corrective cardiac surgery were in the 
cyanotic group and consisted of fewer spontaneous abortions (p < 0.01) and small for gestational age 
infants {p < 0.02) and more term births (p < 0.01). Long-term follow-up revealed that 19.2% of women 
with acyanotic lesions had significant cardiac developments, compared with 90% in the cyanotic group 

(p < 0.005). One of 37 infants (1.1%) had congenital heart disease and two had Marfan’s syndrome. (Am J 


Osstet GYNECOL 1987;156:313-22.) 


Key words: Congenital heart disease, heart, maternal, fetal 


The ratio of rheumatic to congenital heart disease in 
pregnancy at the Toronto General Hospital has gone 
from 4:1 in 1962’ to unity in 1985. This change can 
be partly attributed to an active adult congenital heart 
clinic that receives referrals from the adjacent The Hos- 
pital For Sick Children. In general, however, the de- 
clining incidence of rheumatic heart disease combined 
with advances in the surgical and medical management 
of congenital heart disease is responsible and reflects a 
global trend. Thus maternal heart disease, the leading 
nonobstetric cause of death in pregnancy, is changing 
and requires a reappraisal in terms of risks and man- 
agement. 

The following report documents our experience with 
congenital heart disease during pregnancy at the To- 
ronto General Hospital from January 1975 to August 
1986. Since the maternal physical condition will, at least 
in part, influence the ability to perform the tasks of 
motherhood, long-term evaluation of several patients 
has also been obtained. Finally, inasmuch as the off- 
spring of these women are themselves at increased risk 
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for congenital heart disease, all infants underwent ex- 
amination for cardiac defects.’ 


Patients and methods 


Seventy-four women with congenital heart disease 
had a total of 144 pregnancies. Cardiac diagnoses were 
established by angiography, echocardiography, or op- 
eration. The patients were managed by the obstetric 
staff in conjunction with the division of cardiology adult 
congenital heart disease clinic. There were 50 women 
with acyanotic lesions, subdivided into three groups: 
(1) obstructive : aortic stenosis, pulmonary stenosis, and 
aortic coarctation; (2) left to right shunts (ventricular 
septal defect, atrial septal defect, patent ductus arte- 
riosus); and (3) miscellaneous. 

Twenty-four women had cyanotic lesions and were 
subdivided as follows: (1) tetralogy of Fallot, (2) dex- 


' trotransposition or levotransposition of the great ar- 


teries, (3) tricuspid atresia, and (4) complex cyanotic. 

All groups were further classified by operative 
status into group A, with surgical correction, or 
group B, uncorrected or palliative shunt. Nine women 
(seven with tetralogy of Fallot, two with dextrotrans- 
position of the great arteries) rendered acyanotic 
by total corrective surgery are included with the 
cyanotic group. Outcomes have been compared for 
these nine women and the patients with unrelieved cy- 
anosis. 
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Table I. Outcomes for individual acyanotic lesions 


















Surgical 


category 


No. of 
patients 





Lesion 





Obstructive 
Aortic stenosis A 3 6 
B 12 22 
Pulmonic stenosis A 2 4 
B 4 8 
Coarctation A 4 7 
B 2 2 
Left to right shunt 
Ventricular septal defect A 3 10 
B 7 11l 
Atrial septal defect A 5 10 
B 2 2 
Patent ductus arteriosus B l 3 
Miscellaneous A 2 6 
B 4 10 
Total 50 101 


No. of 
pregnancies 
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Cardiac related 
elective abortions 


Other 
elective abortions 


Spontaneous 
abortions 
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Group A, surgical correction; group B, uncorrected or palliative shunt, CHD = congenital heart disease; RDS = respiratory 
distress syndrome; PDA = patent ductus arteriosus; VSD = ventricular septal defect; ASD = atrial septal defect. 


Table II. Outcomes for individual cyanotic lesions 











Surgical | No. of 
category | patients 







Leston 


Tetralogy of Fallot A 7 
B 2 
Dextrotransposition of the great arteries A 2 
B 2 
Tricuspid atresia A — 
B ] 
Patent ductus arteriosus A — 
B l 
Complex cyanotic lesions* À — 
B 9 
Total 24 






No. of 
pregnancies 









Other 
elective abortions 


Term 
births 


Spontaneous | Cardiac relaʻed 
abortions | elective abortions 









14 cs 1 5 6 
2 las l L a 
3 l a = 2 
3 l i = 1 
I = So = 
I ast l = os 

19 4 9 l 5 

43 6 6 6 15 


Group A, surgical correction; group B, uncorrected or palliative shunt. 


*(1) Tricuspid atresia with single ventricle, pulmonary stenosis, and atrial septal defect; (2) dextrocardia, ventricular septal 
defect, variant transposition, ventricular inversion, and Eisenmenger’s syndrome; (3) single ventricle, transposition of great arteries, 
and Eisenmenger’s syndrome; (4) single ventricle, transposition of great arteries, and Eisenmenger’s syndrome; (5) pulmonary 
atresia, tetralogy of Fallot, and Eisenmenger’s syndrome; (6) aorticopulmonary window and Eisenmenger’s syndrome; (7) patent 
ductus arteriosus, ventricular septal defect, and Eisenmenger’s syndrome; (8) ventricular septal defect, mitral valve prolapse, and 
Eisenmenger’s syndrome; (9) levotransposition of great arteries, dextrocardia, situs inversus, right-sided aortic arch, ventricular 


septal defect, and pulmonary stenosis. 
+Multiple anomalies. 


During pregnancy, maternal cardiac and noncardiac 
complications were recorded and fetal outcomes doc- 
umented. All neonates were examined for congenital 
heart disease. Long-term assessment beyond the last 
complete pregnancy, for women who gave birth (as 
opposed to those who aborted), was obtained by tele- 
phone interviews in conjunction with their most recent 
assessment in the congenital heart disease clinic. During 
follow-up we also questioned the mothers about any 


changes in the cardiac status of their offspring. Statis- 
tical comparisons were done by the x’ method unless 
otherwise indicated. We considered a p value of <0.05 
to be significant. 


Results 

Tables I and II summarize the pregnancy outcomes 
for individual cardiac lesions. Overall, 144 pregnancies 
resulted in 52 abortions and 92 continuing pregnancies, 
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of which 87 have been completed and five are still un- 
delivered. These five are excluded from all calculations 
except those concerned with the incidence of abortion. 
Inclusion in the latter calculations is appropriate be- 
cause all ive pregnancies have exceeded 20 weeks of 
gestation. Of the 52 abortions, 15 were spontaneous 
and 37 elective, of which 13 were for cardiac indications 
(Table III). There were 31 primigravid and 43 multi- 
gravid patients. Twenty-four pregnancies occurred in 
women under 20 years of age, 104 in women between 
20 and 30 years, and 16 in women aged 30 years or 
more. 

Maternal complications 

Noncardtac complications (Table IV). Twenty-six non- 
cardiac complications were recorded. Half of these 
were pregnancy-induced hypertension that included 
preeclampsia and acute-on-chronic hypertension. Thus 
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One incomplete pregnancy 
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One patient underwent surgical cor- 
rection after elective abortion and 
subsequently entered group A 


= — 


re ——— 


1 Incomplete pregnancy 
— 1 Incomplete pregnancy (4:1 shunt) 


— I Patient with PDA and VSD, 
1 patient with ASD and VSD 
Congenital heart block (2), Marfan’s 
syndrome (1), dextrocardia (1) 


10 3 — 














Congestive 








3 l 2 Incomplete pregnancies 
] =e oat 
2 l — 
] l 1 Patient with Eisenmenger’s syndrome 
underwent elective abortion 
— — Patient had Eisenmenger’s syndrome 
and underwent elective abortion 
6 4 — 
13 7 — 


in 87 completed pregnancies the incidence of preg- 
nancy-induced hypertension was 14.9%. This is more 
frequent than the occurrence in our total obstetric pop- 
ulation during the same period of time (4.3%, p< 
0.005). Ten of the 13 cases of pregnancy-induced hy- 
pertension occurred in women with obstructive lesions, 
for an incidence in this group of 27.8%. When this 
incidence is compared with that of the rest of the study 
population, the difference is significant at p < 0.01. 
Three of four patients with corrected aortic coarctation 
had a biscuspid valve. These three also had residual 
hypertension that worsened during four pregnancies. 
In one of these, severe preeclampsia was accompanied 
by abruptio placentae, renal failure, and neonatal death 
at 28 weeks’ gestation. One woman with dextrotrans- 
position of the great arteries, corrected by the Mustard 
procedure, experienced an unusual course of pre- 
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Table HI. Elective abortions performed for cardiac indications 


Lesion 


Acyanotic lesions 


Aortic stenosis B 
Aortic coarctation B 
Aortic coarctation B 


Patent ductus arteriosus 
Atrial septal defect and ventricular 
septal defect 
Cyanotic lesions 
Tetralogy of Fallot 


w w 


Tetralogy of Fallot, pulmonary atre- 
sia and Etsenmenger’s syndrome 

Patent ductus arteriosus and Eisen- 
menger’s syndrome 

Dextrotransposition of great arteries 
and Eisenmenger’s syndrome 

Ventricular septal defect, mitral 
valve prolapse, and Eisenmen- 
ger’s syndrome 

Ventricular septal defect, transposi- B 
tion of great arteries, dextrocar- 
dia, and Eisenmenger’s syndrome 


Total 


mw o WwW W 


Operative NYHA No. of 
status class elective abertions 


HI 
II 


Comments 


l zen 

l Had surgical repair after elective 
abortion, followed by 3 more 
pregnancies 

] Eleczive abortion followed clip- 
ping of cerebral aneurysm, 
ruptured at 8 wk 

3 ok 

l a 

I Scheduled for surgical correction 
of cardiac lesion 

l on 

l Sterilized at same time 

] ere 

] Sterilized subsequently 

] see 

13 





Table IV. Obstetric and other 
noncardiac complications 


No. of 

Complication episodes 
Pregnancy-induced hypertension 13 
Gestational diabetes 3 
Anemia (hemoglobin level < 100 gm/L) 2 
Placenta previa 2 
Vasa praevia ] 
Abruptio placentae with renal failure l 
Postpartum hemorrhage i 
Splenic torsion and infarction ] 
Ruptured cerebral aneurysm l 
Incompetent cervix I 
Total 26 


eclampsia wherein progressive proteinuria (reaching 
3.0 gm/24 hours) was unaccompanied by hypertension 
until 1 day before delivery, when the blood pressure 
rose to 150/95 mm Hg. The preeclampsia resolved in 
the early puerperium. 

Delayed postpartum hemorrhage occurred in a 
woman with Eisenmenger’s syndrome who was on a 
regimen of prophylactic postdelivery heparin therapy. 
The hemoglobin level fell from 183 to 114 gm/L. She 
required packed cells, fresh-frozen plasma, emergency 
curettage for removal of a small placental fragment, 
and finally estrogen therapy before bleeding ceased. 

Cardiac complications (Table V). All patients were 
New York Heart Association (NYHA) functional class I 


or IT at the outset, except for eight women with class III 
symptoms who underwent elective abortion. Of the 87 
completed pregnancies, NYHA deterioration occurred 
in 23 (26.4%) and congestive heart failure in 10 
(11.5%). In four patients, supraventricular arrhythmias 
developed; all were medically controlled. Functional 
deterioration occurred in 13 of 23 pregnancies (56.5%) 
in the cyanotic group compared with 10 of 64 (15.6%) 
in the acyanotic group (p < 0.005). Similarly, conges- 
tive heart failure was more frequent (p < 0.005) in the 
cyanotic group (seven of 23, 30.4%) than in the acy- 
anotic group (three of 64, 4.7%). In most instances the 
degree of functional deterioration was mild to mod- 
erate, with three exceptions. The first, a women with 
Marfan’s syndrome, had experienced two uncompli- 
cated pregnancies. In her third pregnancy, at 38 weeks’ 
gestation, she suffered aortic dissection that extended 
to the coronary arteries. Cardiac arrest ensued. She was 
resuscitated and underwent emergency cesarean deliv- 
ery followed by immediate graft repair to the damaged 
arteries. The second patier.t was a woman with aorti- 
copulmonary window and Eisenmenger’s syndrome. 
Five hours after planned cesarean delivery for chronic 
fetal distress, she became hypotensive and cyanosis 
deepened. She experienced a cardiac arrest and died. 
Postmortem examination revealed blood in all serous 
cavities, leading to the speculation that a coagulopathy 
had contributed to her death. She was not receiving 
anticoagulants at the time. 

In the third case, a womer. with severe aortic stenosis 
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Table V. Cardiac complications in continuing pregnancies 


Acyanottc lesions 


a 
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Cyanotic lesions 


NYHA deterioration 10/64 15.6 <0.005 13/23 56.5 
Congestive heart failure 3/64 4.7 <0.005 7/23 30.4 
Arrhythmias 2/64 4.7 — 2/23 8.7 
Infective endccarditis 2/64 3.1 mm mamm- — 
Aortic dissection 1/64 1.6 m — — 


developed left ventricular failure at 30 weeks’ gestation. 
At 38 weeks she nad a fever of unknown origin that 
resolved with anübiotic treatment. One week later, 
while she was receiving antibiotics, she had a normal 
vaginal delivery. One month later she was readmitted 
to the hospital with infective endocarditis and recurrent 
cardiac failure. She required aortic valve replacement 
5 months post partum. 

One patient had postpartum infective endocarditis. 
A primigravida with corrected atrial septal defect and 
ventricular septal defect, she had not received preop- 
erative antibiotics before emergency cesarean section 
for ruptured vasa praevia. The infection was treated 
with antibiotics and gradually resolved. 

Maternal follow-up (Table VI). Fifty of the 74 
women gave birth at least once. Twenty-six of 34 women 
with acyanotic lesions (76.5%) have been followed up. 
Of the 16 women with cyanotic lesions who were deliv- 
ered, one died post partum. Ten of the remaining 15 
women (66.7%) have been followed up. The duration 
of follow-up ranges from 3 to 112 months (average, 30 
months). The patients were evaluated with respect to 
cardiac developments such as change in functional sta- 
tus and the need for further operation. Only five of 26 
women (19.2%) with acyanotic disorders had important 
sequelae, compared with 9 of 10 women (90%) in the 
cyanotic group (p < 0.005). In the acyanotic group, two 
patients with atrial septal defect were scheduled for op- 
eration; one had an aortic valve replacement and an- 
other experienced NYHA functional deterioration. 
The patient with Marfan’s syndrome was readmitted 3 
months post partum with dissection of the abdominal 
aorta. In the cyanotic group, one patient with corrected 
dextrotransposition of the great arteries died of cardiac 
arrhythmia 18 months post partum. Two patients are 
awaiting Fontan procedures. Another developed infec- 
tive endocarditis and, as well, recently underwent op- 
eration for repair of ventricular septal defect and con- 
duit bypass of pulmonary artery stenosis; five have ex- 
perienced mild to moderate NYHA class deterioration. 
In one of these, a woman with uncorrected tetralogy of 
Fallot, Eisenmenger’s syndrome has developed. 

Two patients, one with a porcine aortic valve (con- 
genital] atrial septal defect) and one with corrected 
tetralogy of Fallot, became pregnant again. 


Table VI. Follow-up data on patients who 
have been delivered of infants 


Acyanotic group Cyanotic group 
(N = 26/34, 76.5%) | (N = 10/15, 66.7%) 












Event 





Deterioration in 
NYHA status 
Infective endo- 
carditis 
Pulmonary 
hypertension 
Abdominal 


aorta 
dissection 
Cardiac surgery 
planned or 
performed 
Died 
Currently preg- 
nant again 


3/10 


1/10 


1/26 1/10 


Duration of follow-up: <1 year, 4 (patients); 1 to 2 years, 
18; 2 to 4 years, 8; >4 years, 6. Range of follow-up, 3 to 112 
months (average, 30 months). 


Fetal outcome (Table VII). There were 37 elective 
abortions. Thus 107 of 144 pregnancies have followed 
a natural course, including five undelivered pregnan- 
cies that (at this writing) have exceeded 20 weeks’ ges- 
tation. In the acyanotic group, nine of 76 (11.9%) spon- 
taneously aborted, compared with six of 31 (19.4%) in 
the cyanotic group. The perinatal mortality in the acy- 
anotic group was 4.7% (three of 64) compared with 
3.0% (three of 23) in the cyanotic group. The overall 
mean birth weight for infants in the acyanotic group 
was 3300 + 600 gm compared with 2400 + 800 gm in 
the cyanotic group (p < 0.005, Student’s ¢ test). Infants 
who were small for gestational age (neonatal weight less 
than tenth percentile for gestational age) were more 
frequent in the cyanotic group (p < 0.005) as were pre- 
term births (p < 0.01). One neonate (1.1%) had con- 
genital heart disease. Born toa mother with atrial septal 
defect, this infant died at age 4 weeks of cardiac failure 
resulting from coarctation. Two of three infants born 
to the patient with Marfan’s syndrome have inherited 
this disorder. 

Labor and delivery (Table VII). The mean primary 
cesarean delivery rate was 21.8%, compared with the 
overall mean rate of 16% at the Toronto General Hos- 
pital during the same period. Although dystocia was 
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Table VII. Fetal outcome* 
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Acyanotic group Cyanotic group 
Spontaneous abortion 9/76 11.9 — 6/31 19.4 
Perinatal mortality 3/64 4.7 — 3/23 13.0 
Small for gestational age 4/64 6.3 <0.005 12/23 52.2 
Preterm birth 6/64 9.4 <0.01 8/23 34.8 
Congenital heart disease 1/64 1.6 — oe — 
Other anomalies -— — 1/23 4.3 
Mean birth weight (gm) 3300 + 690 <0.005 2400 + 800 — 


*Five pregnancies are undelivered but have exceeded 20 weeks’ gestation. 


Table VIII. Method of delivery 


Method % 

Vaginal 

Spontaneous 36 

Low forceps 16 

Midforceps 8 

Assisted breech 2 
Total 62 71.2 
Cesarean i 

Primary* 19 21.8 

Repeat 6 6.9 
Total 25 28.7 


Indications for primary cesarean section 
Preeclampsia 
Dystocia 
Acute fetal distress 
Chronic fetal distress 
Placenta previa 
Vasa praevia 
Preterm breech 
Aortic dissection 


Total 


WD [e = e ND DD a Aa 


— 


*Primary cesarean section rate for hospital population dur- 
ing the same period = 16%. 


the commonest indication in the general population, it 
was no more frequently a reason for performing ce- 
sarean section than fetal distress (acute and chronic) or 
preeclampsia (with conditions unfavorable for induc- 
tion of labor) in the study group: 

Eisenmenger’s syndrome (Table IX). Nine patients 
had a total of 19 pregnancies. Maternal and fetal com- 
plications were high in this group, which included the 
only maternal death. In particular, compared with in- 
cidences in the remaining patients in this study, pre- 
term births and small for gestational age infants were 
significantly more frequent (p < 0.005). 

Group A (surgical correction) versus group B (un- 
corrected or palliative shunt) (Table X). Groups A 
and B were compared with respect to cardiovascular 
and fetal outcomes in both the acyanotic and cyanotic 
groups. This assessment was not possible for each in- 
dividual lesion because some patients (with uncorrected 
patent ductus arteriosus, uncorrected aortic coarcta- 
tion) invariably underwent elective abortion and others 


Table IX. Outcomes in cases of 
Eisenmenger’s syndrome 


z 


Patients 9 100 

Pregnancies 19 100 

Spontaneous abortions 4 21.1 
Therapeutic abortions 5 26.3 
Term births 4 21.1 
Preterm births 6 31.6 
Small for gestational age infants 6 31.6 
Stillbirths I 5.3 
Neonatal deaths l 5.3 
Pregnancy-induced hypertension 0 0 

NYHA deterioration 5 26.3 
Congestive heart failure 3 15.8 
Maternal death I 5.3 


(complex cyanotic) were ccnfined to group B. Overall, 
the clearest demonstrable benefits derived from cor- 
rective surgery were seen in the cyanotic category 
where group A patients had a lower incidence of spon- 
taneous abortion (p < 0.01) and small for gestational 
age infants (p < 0.02) and a greater achievement of 
term births (p < 0.01) than group B. 


Comment 


In women with congenital heart disease, pregnancy 
may be affected by (1) the Sunctional cardiac status, (2) 
the anatomic diagnosis, (3) pulmonary hypertension, 
and (4) the type of operation and degree of residual 
impairment, if any. 

Functional cardiac status. Maternal functional status 
is known to strongly influence outcome. Although only 
20% of patients in this study are NYHA class III or IV, 
they account for 85% of maternal deaths.” Whittemore 
et al. observed significant cardiac complications in 10% 
of women with class I or I] symptoms, compared with 
30% in women with class III or IV symptoms. Accord- 
ingly, in our unit women with class III or IV symptoms 
have been offered, and have accepted, pregnancy ter- 
mination. Thus continuing pregnancies in this study 
were limited to women clessified as NYHA I or II at 
the outset. 

Reliance on functional] status alone may, however, be 
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Table X. Outcomes for group A (surgical correction) versus group B (uncorrected or palliative shunt)* 


Group A 


Event 


Acyanatic lesions 


Spontaneous abortions 5/34 
Small for gestational age infants 2/29 
Term births 25/29 
NYHA deterioration 3/29 
Congestive heart failure 0/29 
Cyanotic lesions 
Spontaneous abortions 1/9 
Small for gestational age infants 2/8 
Term births 8/8 
NYHA deterioration 5/8 
Congestive heart failure 2/8 


*Elective abortions excluded; undelivered pregnancies (n = 5) included only in calculations for spontaneous abortion. 


misleading. Sudden and profound deterioration can 
result from anatomic deformities, hemodynamic alter- 
ations, or even therapeutic measures. Examples in 
our experience included aortic dissection, postpartum 
worsening of a right to left shunt, and delayed post- 
partum hemorrhage during treatment with anticoag- 
ulants. 

Anatomic diagnosis. In the absence of pulmonary 
hypertension or large left to right shunts, women with 
patent ductus arteriosus, atrial septal defect, and ven- 
tricular septal defect usually tolerate pregnancy well, 
although uncorrected atrial septal defect and ventric- 
ular septal defect have each been associated with a ma- 
ternal mortality of 5.5%* and fetal loss rates of 10% to 
25%.> Maternal deaths have resulted from heart failure, 
infective endocarditis, or shunt reversal (after arterial 
hypotension or acute pulmonary hypertension second- 
ary to pulmonic embolism). In the present study, 21 
continuing pregnancies in women with left to right 
shunts resulted in four spontaneous abortions and 17 
births, two of which were preterm. Two women with 
uncorrected atrial septal defects becs: -e pregnant while 
awaiting admission for corrective cai.ilac surgery. The 
first of these, with a 2.8: 1 shunt, experienced a normal 
delivery at term. The second, presently 32 weeks preg- 
nant, has a 4:1 shunt. The fetus is developing normally 
and NYHA status is stable at class II. 

Women with pulmonic stenosis usually tolerate the 
increased right ventricular load seen in pregnancy. Al- 
though older data suggested an 8% incidence of cardiac 
failure,’ more recently this complication occurred in 
only 2.8%.* Fetal losses vary but have been reported in 
as high as 20% of pregnancies.> We observed one spon- 
taneous abortion, 10 live births, and no cases of cardiac 
failure. 

Congenital aortic stenosis during pregnancy carries 
an increased risk of left ventricular failure, sudden 
death, and, particularly in the presence of a bicuspid 
valve, infective endocarditis. Arias and Pineda’ re- 


Group B 
\4.7 — 4/39 10.3 
6.9 — 2/35 5.7 
86.2 — 33/35 94.3 
10.3 — 7/35 20.0 
0 — 3/35 8.6 
11.1 <.01 5/20 25.0 
25.0 <.02 10/15 66.7 
100.0 <.01 7/15 46.7 
62.3 — 8/15 53.3 
25.0 — 5/15 33.3 


ported maternal and fetal mortalities of 17% and 32%, 
respectively, but their data included rheumatic valvular 
disease. Neilson et al. reported no complications dur- 
ing 10 pregnancies in women with congenital aortic 
stenosis. In the series of Whittemore et al., 18 preg- 
nancies occurred in women with left ventricular outflow 
obstruction and only fair or poor function. There were 
five instances of congestive heart failure and six of in- 
creased arterial blood pressure. Their data did not dis- 
tinguish between aortic stenosis and aortic coarctation. 
We had 15 patients with congenital aortic stenosis. Ex- 
cluding elective abortions, one of which was performed 
for class III symptoms, 21 pregnancies resulted in two 
spontaneous abortions, 19 term births, one neonatal 
death from aortic coarctation, two cases of cardiac fail- 
ure, and five instances of pregnancy-induced hyper- 
tension. 

In a literature review, Goodwin’ reported a maternal 
mortality rate of 3.5% in pregnancies with uncorrected 
coarctation. Deaths usually resulted from aortic rup- 
ture or dissection (80% before labor and unrelated 
to the height of blood pressure), heart failure, cere- 
bral hemorrhage, or infective endocarditis. Deal and 
Wooley” collected data on 185 pregnancies with un- 
corrected aortic coarctation in which no maternal 
deaths occurred. Blood pressure changes during preg- 
nancy were characteristic of normal patients. Both stud- 
ies noted a high fetal loss rate, possibly from diminished 
uteroplacental blood supply. Both of our patients with 
uncorrected aortic coarctation underwent elective abor- 
tion, one for severe systolic hypertension (>200 mm 
Hg) and the other after surgical clipping of a ruptured 
cerebral aneurysm. In the corrected group, four of 
seven pregnancies demonstrated pregnancy-induced 
hypertension, including one severe case with renal fail- 
ure and neonatal death. These hypertensive changes 
contrast with the findings reported above.” 

In young women, 50% of aortic dissections occur 
during pregnancy.’ Szekely and Julian® described 15 
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cases, nine of which occurred in women with Marfan’s 
syndrome and four in women with signs suggestive of 
this disorder. In susceptible women, pregnancy height- 
ens the risk of aortic dissection or rupture by hemo- 
dynamic effects (widened pulse pressure, increased 
stroke volume) instead of by altered aortic histologic 
characteristics as was previously thought.' '* Marfan’s 
syndrome and pregnancy is a risky combination be- 
cause (1) 50% of offspring inherit the disorder, (2) there 
is an increased risk of aortic dissection, and (3) there 
is usually a shortened life span (half normal), thus com- 
promising the woman’s ability to raise her child.’ Re- 
porting only one death in 26 pregnant women with 
Marfan’s syndrome, Peyritz'* concluded that the risk 


could be minimized by preconceptional echocardiog-' 


raphy. He considered the low-risk patient to have min- 


imal, if any, aortic root dilation and no aortic regur- ` 


gitation or significant mitral valve dysfunction. Our 
“own experience with one patient, however, exemplifies 
the risks stated above, in that two of her three children 
have Marfan’s syndrome, the aorta of this patient dis- 
sected during pregnancy, and her present prognosis is 
grave because recently the abdominal aorta dissected. 

Tetralogy of Fallot is the most common cyanotic con- 
genital heart disease in adults and children today." Un- 
corrected, it carries a 4% risk of maternal death and a 
30% fetal mortality from hypoxia.’ In pregnancy, the 
fall in peripheral vascular resistance increases the right 
to left shunt. Recurrent syncope, a hematocrit above 
60, an arterial oxygen saturation below 80, and a right 
ventricular pressure above 120 mm Hg are poor prog- 
nostic factors.° Hypotension from blood loss or epi- 
dural anesthesia during labor and delivery can precip- 
itate increased cyanosis and circulatory collapse. Two 
women in our series had uncorrected tetralogy of Fallot 
resulting in one elective abortion and one preterm 
birth. All six continuing pregnancies in women with 
corrected tetralogy of Fallot went to term with only one 
small for gestational age infant. Congestive heart fatl- 
ure occurred once in this group. 

Data on other cyanotic lesions during pregnancy are 
scant. Collins et al.” described three cases of tricuspid 
atresia. The first experienced three spontaneous abor- 
tions, the second died in late pregnancy of massive he- 
moptysis, and the third was delivered prematurely of a 
580 gm infant who died of immaturity in a pregnancy 
complicated by heart failure and pulmonary and cere- 
bral emboli. We had one patient with tricuspid atresia 
and another with tricuspid atresia and a single ventricle. 
The former, after an unremarkable pregnancy, had a 
term small for gestational age infant. The latter had an 
uneventful maternal course but was prematurely deliv- 
ered of a 1490 gm small for gestational age infant. 

Six cases of a single ventricle and pregnancy have 
been reported and were reviewed by Stiller et al.,’° who 
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cited the following: maternal mortality, 16%; small for 
gestational age, 43%; preterm labor, 43%; cesarean de- 
liveries, 70%. We had three patients with a single ven- 
tricle who had a total of five pregnancies and observed: 
maternal deaths, 0%; small for gestational age, 60%; 
preterm labor, 40%: and cesarean deliveries, 60%. 

Neilson et al.ë reported one case of a patient with 
uncorrected transposition of the great arteries who ex- 
perienced two spontaneous abortions and one preterm 
neonatal death. Two of cur patients had uncorrected 
dextrotransposition of the great arteries, one with a 
ventricular septal defect and one with Eisenmenger’s 
syndrome. The former had one spontaneous abortion 
and one small for gestaticnal age but term infant. She 
experienced congestive heart failure in the latter preg- 
nancy. The other patient had one elective abortion. 
Two women with dextrotransposition of the great ar- 
teries corrected by the Mustard operation had a total 
of three pregnancies, which included one spontaneous 
abortion, one small for gestational age infant in a term 
pregnancy, and one normal term birth. Pregnancy- 
induced hypertension occurred in one patient and 
congestive heart failure ir. the other. 

Pulmonary hypertension. This condition, as seen in 
Eisenmenger’s syndrome, is associated with 35% ma- 
ternal mortality, a 55% prematurity rate, a 30% small 
for gestational age rate, and 28% perinatal mortality.” 
The pathophysiologic cause of death is likely an in- 
crease in right to left shunting after a decrease in 
systemic vascular resistance from blood loss or epi- 
dural-related hypotension. These events favor in- 
creased cyanosis and hypoxia possibly compounded by 
pulmonary arterial stasis and thrombosis during the 
hypercoagulable postpartum state." For patients in la- 
bor, Midwall et al. demonstrated beneficial effects of 
high concentrations of oxygen that consisted of a fall 
in pulmonary arterial pressure and an increase in the 
ratio of pulmonary-to-systemic blood flow and the ar- 
terial oxygen saturation. 

The use of heparin during the postpartum period to 
prevent intra-arterial pulmonary thromboses has not 
been shown to prevent deterioration and may indeed 
be hazardous,” as was the case in one of our patients 
who experienced a severe postpartum hemorrhage. In 
our experience, Eisenmenger’s syndrome was associ- 
ated with a high complication rate including one ma- | 
ternal death. However, this is a relatively low maternal 
mortality rate compared w:th those of other series“ and 
may be attributed to some selection bias in that several 
of our more severely affected patients have accepted 
either sterilization or elective abortion (Table HI). 

Surgical correction. Because many congenital heart 
defects are now surgically correctable, a new population 
of women have reached adulthood and achieved preg- 
nancy. Patients with corrected atrial septal defects, ven- 
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tricular septal defects, or simple coarctations appear to 
be undertaking pregnancy with no added risk."* Simi- 
larly, providing no residual impairment exists, women 
with corrected tetralogy of Fallot have excellent out- 
comes. Singh et al.” reviewed 40 pregnancies in 27 
women with completely corrected tetralogy of Fallot 
and no residua. There were no abortions, premature 
births, small for gestational age infants, or serious car- 
diac complications. One neonate had pulmonary atre- 
sia. Whittemore et al.” observed that live births occurred 
in only 42% of pregnancies with unrelieved cyanosis. 
With palliative shunts there was a 72% live-birth rate 
but the infants were usually growth retarded. Total 
surgical correction was accompanied by a 78% live-birth 
rate with normally grown infants, results similar to our 
own. 

Despite surgical advances, however, patients who 
have undergone palliative and corrective procedures 
continue to pose problems. Twenty-five years after pal- 
liative operation only 35% of patients are not disabled. 
A total of 10% to 25% of patients exhibit resting hy- 
pertension after correction of coarctation.” Other 
problems exist such as patch leaks, postvalvulotomy re- 
gurgitation, conducting system injuries, and blunted 
ventricular performance due to the effects of chronic 
volume and pressure overload, intraoperative ischemia, 
and scar formation.” Some of these problems were ev- 
ident in the present study. Examples included post- 
coarctectomy hypertension, congestive heart failure in 
two women with corrected tetralogy of Fallot, and, pos- 
sibly, a blunted pressor response in the patient with 
dextrotransposition of the great arteries, whose pre- 
eclampsia manifested primarily as proteinuria. This pa- 
tient also experienced a supraventricular arrhythmia, 
a relatively common sequel to the Mustard procedure. 

Congenital heart disease in neonates. Our incidence 
of 1.1% is low compared with the commonly quoted 
rates of 3% to 5% (and as high as 14%)? This may 
relate to the fact that in the absence of positive findings, 
our infants only underwent clinical evaluation. As well, 
only 73.5% of patients received long-term follow-up. 
In two of our telephone interviews, the mothers re- 
ported “murmurs” in the children, which had spon- 
taneously disappeared. The high incidence quoted by 
Whittemore et al.? is undoubtedly related to a diligent 
search for cardiac lesions. In their series the most com- 
mon defect was ventricular septal defect, and by age 3 
years seven of 18 had spontaneously closed. 

Therapeutic considerations. Before becoming preg- 
nant, our patients with congenital heart disease are seen 
in the adult congenital heart disease clinic and the high- 
risk pregnancy unit. They have a careful clinical ex- 
amination, electrocardiogram, chest x-ray examination, 
and in most instances echocardiographic evaluation. 
Most patients will have already undergone cardiac cath- 
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eterization and many will have had surgical correction. 
They are apprised of the maternal and fetal risks as- 
sociated with pregnancy. Cardiac surgery, where indi- 
cated (such as large left to right shunts, uncorrected 
tetralogy of Fallot, or aortic coarctation) should be per- 
formed before pregnancy is considered. Because the 
physical condition of the mother will, at least in part, 
influence her ability to perform the tasks of mother- 
hood, the long-term prognosis is relevant to prepreg- 
nancy counseling and should be discussed in a sensitive 
but informative manner. In our study, cyanotic patients 
on the whole experienced more frequent cardiac se- 
quelae (p < 0.001); however, other conditions such as 
Marfan’s syndrome or symptomatic aortic stenosis carry 
an unfavorable prognosis. Thus each case must be in- 
dividually evaluated. 

Our current policy is to recommend against preg- 
nancy or to offer elective abortion to patients with 
NYHA class III or IV symptoms and those with pul- 
monary hypertension. Patients with Marfan’s syndrome 
should be similarly advised on both maternal and fetal 
grounds. Although the data on aortic coarctation are 
less clear, we believe that pregnancy should be under- 
taken only after corrective surgery and in the absence 
of significant associated defects such as bicuspid aortic 
valve or a gradient of >40 mm Hg across the coarc- 
tation. High-risk factors for patients with unrelieved 
cyanosis are discussed earlier with the data on tetralogy 
of Fallot. These patients should be told of their high 
predilection for delivering preterm small for gesta- 
tional age infants. 

Once pregnant, patients with congenital heart disease 
require a multidisciplinary approach involving the car- 
diologist, obstetrician, cardiac anesthetist, and neona- 
tologist. All patients require increased rest periods, 
more frequent prenatal visits, and immediate treatment 
of acute illness such as respiratory tract infection or 
congestive heart failure. Iron therapy for prevention 
of anemia is important. Tailoring the management to 
specific needs is also essential. For example, patients 
with obstructive lesions should be closely monitored for 
pregnancy-induced hypertension, cyanotic patients for 
evidence of fetal dysmaturity, and those with Marfan’s 
syndrome for signs of dissection. Similarly, while an 
agent such as propranolol might reduce the risk of 
aortic dissection in Marfan’s syndrome, it would be con- 
traindicated in women with significant aortic stenosis 
who must rely on an increased heart rate to achieve the 
cardiac output required during pregnancy. Fetal echo- 
cardiography, by allowing prenatal detection of a car- 
diac lesion, might expedite neonatal medical and sur- 
gical intervention when indicated. 

Whenever possible we aim for vaginal delivery, re- 
ducing pain by controlled epidural anesthesia and min- 
imizing bearing-down effects by shortening the second 
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stage. Other intrapartum measures include adminis- 
tration of oxygen, antibiotic prophylaxis (after delivery 
as well), and appropriate hemodynamic and electro- 
cardiographic monitoring. Assessment of oxygen sat- 
uration and changes in shunt flow by arterial blood 
gases and/or finger oximetry are essential in patients 
with shunts. Hypotension induced by blood loss or ep- 
idural anesthesia must be rigorously avoided in women 
with shunts or significant aortic stenosis. 

Postpartum patients at high risk, such as those with 
Eisenmenger’s syndrome or critical aortic stenosis, must 
be initially managed in an intensive care unit. In the 
postnatal period, the relative risks of birth control mea- 
sures, sterilization procedures, and future pregnancies 
should be discussed with the patient. 
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ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL 
CARCINOMA. 

Three independent case control studies have reported an increas ed risk of endem 
PEAT AAE women exposed to exogenous estrogens for more than 1 year 
pand den the other known risk factors for endometrial cancer, These studi 

supported Dy finding that incidence r of endometrial cancer have increased s en Since 
1969 in eight different areas of the United States with Population-based cancer- reporting systems, 
ari increase which may be related to the rapi id ly éxpanding use of estrogens dun Ing the last decade. 
The three case contra Studies reported that the risk of endometrial cancer in est roger users was 
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about 4.5-13.9 times greater than in nonusers. The risk appears to depend bc oth ¢ on duration of 
treatment and on estrogen dose. In view of these findin igs. when estrogens are used for the 






treatment of menopausal symptoms, the lowest dose that will contro! § Should be utilizi 2 
and medication should be discontinued as soon as as sible. When prolonged treatment is medically 
indicated, the patient should be reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered preliminary. one Study suggests that 
cyclic administration of low doses of estrogen may carry less risk than continuous administration: ¢ 
therefore appears prudent to utilize such a regimen, 

Close clinical surveillance of all women taking est NS 3S nant. in 
Eear recurring abnormal vaginal bleedin ig. adequate diagnostic me 
taken to rule out malignancy. 

There iS NG evidence at present that “natural” 
“synthetic” estrogens at equiestrogenic doses, 


ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 

The use of female sex hormones, both es POEMS and progestogens, during early pregnancy fm a 

seriously damage the offspring. it has been shawn that wor ven Who had been exposed in ut g 

giethyistiibestrol a nonsteroidal estrogen, Dave an increased risk of developing in iater | life a 
vaginal or cervical Cancer that 's ordinarily extremely rare. This risk has been estimated ass not gre: 
than tour per 1000 exposures, Furthermore, a high percertage of such exposed women (30.9 
have been found to have vaginal adenosis, epithel hai changes of the vagina and cervix. Although these 
changes are histologically t Eng, It 5 not known whether t hey are preur sors of malignancy, 
Although similar data on the use of other es tragens are not available. it cannot be presumed they 
would not induce similar chan iges. 

Several reports suggest an association between intrauterine exposure to fema 

and congenital anemahes, including congenita! heart defects and limb. reducti OF; nie ts. One case 
control Study estimated a 4.7-foid increased risk of imo- reduction defects in in fants who had sa 
xposed in utere inutero te sex hormones (oral cont racepuves, hors ione withdr nai r pregnancy, or 

attempted treatment for threatened abortion}, Sarne of t ies were very short and 
involved only a few days of treatment. The data sugg Ti ton defects | in 
exposed fetuses is somewhat less than one per 1000. 

In the past, female sex hormones have been used dur fing pregnancy i an ž 
threatened or habitual abortion, There is considerable evidence that estroc 4 
these indications, and there is no evidence from well-controlled Studies th 
effective for these uses. 

if Estraderm is used during pregnancy. or if the patient becomes 
she should be apprised of the potential risks to the fetus and of the aduisabe yof 
pregnancy. 
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INDICATIONS AND USAGE 

Estraderm is indicated for the treatment of the following: moderate to- severe vason 
associated with menopause: female hypogonadism: female « castrat ion: primary ova! an fal 
phic conditions caused by deficient endogenous estrogen production. ae 
kraurosis vulvae. 

Studies of the addition of a pr of more days of a 
reported a lowered incidence of endometrial hyperpidsia. Mot ae: ai and 
encometrium suggest that 12 to 13 days of progestin are needed to provide maximal maturation of 
endometrium and to eliminate any hyperpla stic changes. Whether this wii provide protection 
endometrial carcinoma has not been Clearly established. There are possible addit; anal risks that may be 
associated with the inclusion of progestin in estrogen rep ean ent regimens. The Poe 3i risks INCE 
adverse effects on car ee da ate and lipid metabolism. The choice of progestin and dosage may 
important in minimizing these adverse effects 


CONTRAINDICATIONS 
Estrogens should not be used in women or men with a ny af che following conditions. 
Known or suspected cancer of the breast: 
OWN OF Suspected estrogen -tlependent neaplasia: 
known or suspected pregnancy (see Boxed Warning): 
undiagnosed abnormal genital bleeding: 
active thrombophiebitis or thromboembolic disorders: 
history of thrombophlebitis, thrombosis. or thromboemboke disorders as 
estrogen use 
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1. Induction of Malignant Neoplasms. Long-term cont nu DUS adminis i of natural and synthetic 
estrogens in certain an imal Species increases the fre equency of carcinomas of the breast, cervix, vagina. and 
liver. There are now reports that estrogens increase the risk af Caremo mao 3 PESEL humans. 







{See Boxed Warning.) 

At the present time. there is no satisfactory evidence that estrogens given to postmenopausal women 
increase the risk of breast cancer, although a recent long-term follow-up of a single physicians practice has 
raised this possibiity. Because of the animal data, there is a need for caution in prescribing estrogens for 
women with a strong family history of breast cancer or who have breast nodules. fibrocystic disease. or 
anori wal Mammograms. 

2. Gallbladder Disease, A recent study has reported a two to threefold increase in the 
confirmed gailbladde Bones postmenopausal women receiving oral estroger 
increase previously noted in users of oral contraceptives. 

3. Effects Similar te Those Caused by Estrogen-Progestogen Ora! a 5. There are several 
Serious adverse effects of oral Contraceptives and oth other “Pagh-dose oral estrogen treatrnents. mest of 
which have not. up to now, been documented as consequences of post mer opausa estrogen esl i 
iherapy. This may reflect the comparatively low doses of estrogen used in pos s roengpau ausa noe an 

a. Thromboembelic Disease. it is now well established that users i D contraceptives ave an 
increased risk of various thromboembolic and thrombotic vascular diseases, such as thrombop te HE 
pulmonary embolism, stroke, and: niyocardial infarction. Cases of retinal thr om basis. Mesenteric tf 
bosis. and optic neuritis have been reported in oral contraceptive users. There is evidence that the r 
several of these adverse reacuons is related to the dose of the g drug. An increased risk of soi 
thromboembolic complications has also been reported in users of orai contraceptives. [f feasible. estro 
should be discontinued at least four weeks before surgery of the type associated with an increased r 
throm hoembolisrn, or during periods of prolonged imrmnobikzation. 























While an increased rate of thromboembelc and thrambotic disease in postmenopausal users of 
estrogens has not been found. this does not rule out the possiblity that such an incr fase may DE present or 
ais subgroups of women who have underlying risk factors or who are receiving relatively large doses of 

strogens Bln have wicreased risk. The refore. & estrogens should not be used in persons with act ive 
rorrbopie ts ort thr PEN disorders. ard they should not be used in persons with a history of 
ji n with estragen m They should be used with caution in patients w jah cerebral 
vascular or coro nary at cry disease and only for those in whom estro ‘ihe are clearly needed. 

Large deses of estrogen (5 mg conjugated estroc ens per day), compar able to those used to treat cancer 
of the prostate and breast, have been shown in a large prospective clinical tinal in men to increase the risk 
of nonfatal myocardial infarction, pulrnonary embolism, and thro mbophiebitis, When estrogen doses of 
this size are used. any of the thr roriboembonc eng thrombouc adverse effects associated with ora! 
cont: raceptive use Should be considered a clear risk. 

bs. Hepat iC Adenora, à, Benig He dig ata adenomas have been associated wath the use of oral contracep- 
tives, Athi ough benign anc rare, these tumors may Tupture and cause death from mtra- ooa 
hemorrhage. Such iesions have not yet been ee in association with other estrogen or progestoge 
preparations, but oe should be considered if abdominal pain and tenderness, abdominal mass. or 
hypovolemic shock occurs in patients recei ving estrogen. Hepatocellular caranorng has aiso heen reported 
in women taking estrogen containing oral contraceptives, The causa! relationship of this malignancy | 
these drugs is not Known. 
































a ÜS levated Blogg Pressure Women using gral contraceptives sometimes experience increased Gixxd 
pressure which, in most cases, “returns to Nor malu uson discantinuing eana. There ig r prt that 
this Nay GEU with use of oral estrogens in the menopause and blood pr ressure st WG be monitored wath 
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shown to increase renin substrate. In contrast to 
ee does not affect ren see sits ate. 
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General 

1. Acomplete medical and sen y history should be taken before mation of any estrogen the 
pretreatment and periodic physical examination iS. et include Spt al reference to blood p 
breasts, abdomen. and pef) pee as wel as a cervical Papanic ola AS 4 general 







should not be prescribed for longer than one year without another | 

2. Because e stragens may Cause some degree ¢ ot 
conditions that ney nt t be infiue enced by this factor are present 
aor fet ial aysfunet HS 

3. Certain patients s ay í uae undesirable manif 
uterine bleeding, ma caval 

4. Projonged admini 
endometr ial hyperpias 
have had endometrios 

=. Oral contraceptives appear to be associated with an increased incidence of mental depressior 
Althe ugh it iS not Gear whether this s due to the estrogenic or pragestogenic component of 
cont raceptive, patients with a history of depression should be carefully observed, 

6 Preexisting uterine je: somyoma‘a May increase in size during proionged estrogen use. If ths occur. 
estrogen £ herapy should be discontinued whie the cause is investigated. 

7. in patients with a history of jaundice during pregnancy, there is an increased risk that 
recur with the use of estrogen-conta:ning oral contraceptives, faundice devel opsin any pateni 
estrogen. the medication should be discontinued while the cause is investice 

8. Estrogens may be poorly metabolized in patients with impaired iver fi 
administered with cau tion: in such patierts. 

9. Because the prolonged use of estrogens influences the me 
estrogens should be used with caution in patients ath metabolic bone diseases 
cemia ang in patents with renal insuffies jen cy 
Drug/ Laboratory Test Interactions 


The resus of r endocrine and liver f 
contraceptives. The following changes have 
I. nereased su: fot sromophthalein retent 
2. increased prothrombin time; increased factors VH VHL IX. and X: decrea 
increased norepine phn néinduced platelet aggregability: 
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3. creased t rode anding g jabai {TBS ding t to “increased circulating total thyraid har 
(Tai aS measured by column or radiou? imunoassay: free Ta resin uptak ed, reflec 
elevated TBG: free Ta concentration is unaltered: TBG was sot affected in clinical tnals of Est 

4. reduced response to the metyrapone test: 

S. reduced serum folate concentration: 

5. increased serum Uigiyceride and phospholipid concentration, and decreased preqnanedia! excretion. 

The pathologist should be informec that the patent is receiving estrogen therapy wher relevant 


specimens are submitted, 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
See WARNINGS and Boxed Warning. 

Long- term continucus adr ninistrat tios of and synthetic estrogens 
increases the frequency of carcinomas of fe -i east, Cervix, vagina, andi 


Pregnancy Category X 
See CONTRAINDICATIONS and Boxed Warning 
Estrogens shouid not be used during pregnancy. 


Nursing Mothers 
ds a general principle, the administration of 
NECESSALY SINC. many drugs are excreted i 
ADVERSE REACTIONS 
See WARNINGS and Boxed Warning bead ding p 
malignant ie agit creased ee of 
oral contraceptives, includ bois 
The most commonly reso! ited adver se reaction to Estraderrti ir 
at the applicat ion site, This occurrec in about 174 of the wernen rested 
discontinue therapy. 
The follow? 1g addit ional adverse reactions have been reported with e 
COPtraceptives: 

Genitourinary Systemy Break through bleeding, spotting. change in menstri 
uterine fibromyornata: change in cervical erosoan and armaunt of cervical secretion. 
docrine: Breast tender! oe braast enlargement. 
fas Sting! Nausea, vomiting: abdominal cramps, 

served witht orai estrogen therapy. 
Eye: Steepening of corneal curvature: intolerance to contact lenses. 
central Nervous System: Headache. migraine, dizziness. 
Miscellaneous: Chenge in 7 edema. change in lHbido. 


Do not ove BEF 130 
Do not store eee Apply T upon removal from the protective pouch. 
CAUTION: Federal law prohibits dispensing without prescription. 
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External vibratory acoustic stimulation near term: Fetal heart 
rate and heart rate variability responses 


Robert Gagnon, M.D., Cora Hunse, R.N., Lesley Carmichael, B.Sc., Fraser Fellows, M.D., 


and John Patrick, M.D.* 
London, Ontario, Canada 


Twenty-five pregnant women between 36 and 40 weeks’ gestational age were studied to examine effects 
of a 5-second external vibratory acoustic stimulus on the fetal heart rate and fetal heart rate variability. 
There was an immediate-significant increase in the basal heart rate, which persisted for 1 hour after the 
stimulus, compared to that of the control subjects. There was also a significant increase in the total time 
during which accelerations occurred for the first 20 minutes after the stimulus. There were no changes in 
computer-derived indices of fetal heart rate variability. Maternal blood pressure and heart rate were not 
altered following vibratory acoustic stimulus. We hypothesize that external vibratory acoustic stimulus 
causes a change from a state of sleep to a state of wakefulness in near term healthy fetuses. (Am J 


OpsTET GYNECOL 1987;156:323-7.) 


Key words: Nonstress test, external vibratory acoustic stimulation, effects of sound and 


vibration on fetal heart rate 


The close association between human fetal heart rate 
accelerations and fetal health has been largely docu- 
mented.'* However, because healthy fetuses may be at 
rest for as long as 80 minutes, there has been a high 
false positive rate for nonstress tests performed over 
20 or 40 minutes.’ Use of external vibratory acoustic 
stimulus has been suggested to increase the reactivity 
of human fetuses.*° We previously reported that the 
pattern in fetal heart rate was altered for at least 15 
minutes following a 5-second stimulus with an elec- 
tronic artificial larynx.® 

The purpose of this study was to define, in a group 
of healthy fetuses near term, changes in fetal heart rate, 
fetal heart rate variability, maternal blood pressure, and 
heart rate after a standardized external vibratory acous- 
tic stimulus. 


Patients and methods 


Patients. Informed consent was obtained from 25 
pregnant women between 36 and 40 weeks’ gestational 
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age. Twenty-one women remained in good health, and 
four subsequently developed mild preeclampsia. Fetal 
outcome confirmed gestational age and the good health 
of fetuses studied. The average gestational age at de- 
livery was 39.6 + 0.2 weeks. The average weight of 
fetuses was 3373 + 75 gm (SEM). The average 5-min- 
ute Apgar score was 9.3 + 0.1. No Apgar score was <8 
at 5 minutes. Umbilical cord blood gas values were de- 
termined in 18 of the fetuses. The average umbilical 
arterial Po, was 16.6 + 0.9 mm Hg, Pco, was 49 + 2.5 
mm Hg, and pH was 7.27 + 0.02. There were five 
cesarean section deliveries: one for cephalopelvic dis- 
proportion, one for development of acute fetal distress 
in labor with prolapsed cord (5-minute Apgar score 
of 8), and three repeat cesarean sections. Twenty-four 
fetuses were in vertex presentation and one in breech 
presentation at the time of delivery. 

Experimental design. Women received a standard- 
ized 800 kcal breakfast or lunch at 8 AM (n = 15) or 
12 noon (n = 13). All studies began an hour later and 
were conducted in a quiet room with patients either 
sitting upright in bed or resting in a lateral recumbent 
position. Women were asked not to smoke for at least 
4 hours before-the studies. Smoking or food intake by 
patients or observers was not permitted during the 
study. | 

All women had been acclimatized by listening to the 
stimulus in air before the beginning of the studies and 
were informed that the stimulus might be applied ei- 
ther on their abdomen or their hand. Three women 
had both control and stimulus studies, and observations 
were separated by >2 days. | 

The external vibratory acoustic stimulus used in this 
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study: was generated with a Model 5C electronic arti- 
ficial larynx (Western Electric, New York, New York, 
courtesy of Mr. John Kasper, Corometrics Medical Sys- 
tems) as previously described.® The device produced a 
form of white noise between 10 and 10,000 Hz as mea- 
sured in air at 1 cm from the generating source by a 
real-time spectrum analyzer (Briiel and Kjaer digital 
frequency analyzer, Type 2131). Maximum sound pres- 
sure level was 110 db at 10,000 Hz. The surface of the 
instrument vibrated at all frequencies between 10 and 
20,000 Hz and maximum vibration occurred at 450 Hz 
(measurements made at 2 cm from the source with a 
Fotonic sensor, MTI Instruments Division). Women 
were studied continuously for 2 hours. After the first 
hour of observation, a 5 second vibratory acoustic stim- 
ulus with the electronic artificial larynx was applied on 
thé surface of the maternal abdomen over the fetal 
head (n = 14) or on the maternal hand for control 
(n = 14). The choice of whether to stimulate the ab- 
domen or hand of women was made from random 
number tables, and all women received only one stim- 
ulus to either abdomen or hand during individual 
studies. ` 

Fetal and maternal cardiovascular measurements. 
Fetal heart rate was recorded with a Hewlétt-Packard 
8040A (Hewlett-Packard GMBH, Boeblinger, .West 
Germany) external monitor with use of a compact 
transducer and was analyzed on-line by a micropro- 
cessor. The system consisted of a master 5 12K-memoty 
microprocessor, Sage II (Sage Computer Technology, 
Reno, Nevada), and.dual floppy disc drive, keyboard, 


and visual display unit as described by Dawes èt al.’ - 


The Hewlett-Packard external monitor was interfaced 
with the microprocessor by a voltage/frequéency con- 
verter, which was adjusted to gerierate a brief fast rising 
voltage pulse at intervals corresponding to the calcu- 
lated heart rate.. The fetal pulse intervals were exam- 
ined with use of an artifact detection algorithm’ and 
valid pulse intervals were averaged over 3.75 seconds. 
During analysis a baseline was fitted to the heart rate 
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TIME (minutes) 


Fig. 1. A typical example of an increase in basal fetal heart rate and FHR accelerations following 
the application of a 5-second vibratory acoustic stimulus with the electronic artificial larynx. 


record as previously described,’ and accelerations of 
>10 ‘bpm for #15 seconds above the baseline were 
recognized automatically. 

For each 10-minute interval the basal fetal heart rate 
(beats per minute), the root mean square (milliseconds) 
and the mean miriute range (milliseconds) were cal- 
culated. The root mean square and the mean minute 
range quantify long-term fetal heart rate (FHR) vari- 
ability.” To identify maternal cardiovascular effects, the 
maternal heart rate, systolic blood pressure, diastolic 
blood pressure, and mean arterial blood pressure were 
automatically recorded every 5-minute with a Dinamap 
(Model 845XT, Critikon, Ivic., Tampa, Florida). 

Fetal breathing movements and gross fetal body 
movements were measured with a real-time ADR ul- 
trasound scanner (Model 2130, Advanced Diagnostic 
Research Corp., Tempe, Arizona) and were a 
elsewhere.” 

Data analysis. The basa! fetal heart rate, number of 


~ accelerations of >10 bpm for =15 seconds above the 


baseline, duration and amplitude of individual accel- 
erations, the total time spent in acceleration, thé root 
mean square, and the mean minute range were de- 
termined for successive 10-minute intervals. Mater- 
nal heart rate and blood pressure were analyzed as 
mean + SEM at 5- rhinute intervals. All other results 
are presented as means + SEM for each 10-minute in- 
terval before and after either vibratory acoustic stim- 
ulus on the maternal abdomen (stimulus) or on the 
maternal hand (control) for the 2-hour observation 
periods. Portions of records that could not be ana- 
lyzed because of signal loss of >30% were not in- 
cluded. These portions made up 2.1% of total study 
time. 

Statistical significance between groups before and af- 
ter stimulus or control was determined by use of a 
mixed nested analysis of veriance (ANOVA) comparing 
overall means and each of the 10-minute intervals" with 
an HP 9845B microprocessor (Hewlett-Packard, Com- 
puter Division, Fort Collins, Colorado, USA). 
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Fig. 2. The mean maternal heart rate was plotted in 5-minute 
intervals before and after control (dashed line) or stimulus (solid 
line). The mean basal fetal heart rate was also plotted in 10- 
minute intervals before and after control (dashed line) or stim- 
ulus ‘solid line). 


Results 


Fetal heart rate. A typical example of the FHR re- 
sponse to vibratory acoustic stimulus is seen in Fig. 1. 
Analysis of data demonstrated the mean basal FHR was 
135 + 2.1 bpm before control, which was not different 
from 138.4 + 2.2 bpm before stimulus. There was an 
increase in the mean basal FHR during the hour after 
the stimulus of up to 142.1 + 2.7 bpm, which was sig- 
nificantly greater than that after the control (Fig. 2) 
(ANOVA, p = 0.017). The maximum increase in basal 
FHR (149.2 + 3.0 bpm) occurred during the first 10 
minutes after the stimulus and remained above the 
control for the hour after the stimulus (ANOVA, 
p = 0.0004). During the control study the basal FHR 
decreased to 133.4 + 2.2 bpm, which was similar to the 
decrease in maternal heart rate (Fig. 2). 

Characteristics of FHR accelerations. Fig. 3 sum- 
marizes the characteristics of FHR acceleration re- 
sponses per 10-minute interval before and after either 
contro: or stimulus. The total time per 10-minute in- 
terval during which accelerations occurred was 81 + 10 
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Fig. 3. The mean time spent in accelerations was plotted in 
10-minute intervals before and after control (dashed line) or 
stimulus (solid line). The mean duration of FHR accelerations 
and the mean number of FHR accelerations were also plotted 
on the same time scale. 


seconds before the stimulus, and it increased to 
142 + 19sec after the stimulus. ANOVA revealed there 
was a significant increase in the total time spent in ac- 
celerations during the first 20 minutes after the stim- 
ulus compared to control (ANOVA, p = 0.0014). 

The mean duration of FHR accelerations (Fig. 3) was 
33.0 + 1.2 seconds during the hour before stimulus 
and 44.1 + 2.2 seconds after stimulus. This was sig- 
nificantly longer than after control (ANOVA, p = 
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Fig. 4. The maternal systolic, diastolic, and mean arterial blood 
pressure was plotted in 5-minute intervals before and after 
control (dashed line) or stimulus (solid line). 


0.0031). ANOVA demonstrated a significant increase 
in the mean duration of FHR accelerations (64.5 + 
11.3 sec) during the first 10 minutes after the stimulus 
(ANOVA, p = 0.0128). 

There were 2.5 + 0.3 FHR accelerations per 10-min- 
ute interval before stimulus (Fig. 3), and ANOVA dem- 
onstrated a significant increase in the number of FHR 
accelerations between 10 and 20 minutes after the stim- 
ulus (ANOVA, p = 0.0271). All fetuses that received 
stimuli exhibited accelerations in the FHR between 10 
and 20 minutes after vibratory acoustic stimulation. 

The mean amplitude of FHR accelerations was 
17.5 + 2 bpm before stimulus and was not different in 
the 2 hours after either stimulus or control. 

Fetal heart rate variability. The mean minute range 
per 10-minute interval was 44.6 + 4.1 msec (range, 25 
to 84 msec) and did not change after stimulus. The 
median root mean square value per 10-minute interval 
was 8.6 msec (range, 4.6 to 17.3 msec) before stimulus 
and did not change following vibratory acoustic stim- 
ulation. 

Maternal blood pressure and heart rate. Fig. 4 dem- 
onstrates that systolic, diastolic, and mean arterial blood 


February 1987 
Am J Obstet Gynecol 


pressures were not changed by external vibratory 
acoustic stimulation. Mean maternal heart rate tended 
to decrease slightly during the experiment but was 
not significantly different before or after control or 
stimulus (Fig. 2). 


Comment 


This study made use of on-line analysis by a micro- 
processor that was able to quantify more accurately the 
different components of fetal heart rate. The results 
indicated that the pattern in the fetal heart rate after 
application of a vibratory acoustic stimulus on the sur- 
face of the maternal abdomen was altered for up to 1 
hour after the 5-second stimulus. There was an increase 
of 11 bpm in the basal heart rate which began imme- 
diately after the stimulus and remained elevated above 
control for one hour after the stimulus. There was also 
a significant increase in the total time during which 
accelerations occurred in the first 20 minutes after stim- 
ulus which was due to (li increase in the duration of 
FHR accelerations in the first 10-minute interval and 
(2) an increase in the number of FHR accelerations 
during the second 10-minute interval. The root mean 
square and mean minute range, which are measure- 
ments of long-term FHR variability, did not change. 
Similarly, maternal blood pressure and heart rate were 
not changed by the vibratory acoustic stimulus. 

Prechtl et al.’? studied term newborn infants and de- 
fined five different behavioral states that characterized 
sleep and wakefulness.” Dehaan et al., reported that 
in term neonates both heart rate and heart rate vari- 
ability were increased during active sleep compared to 
quiet sleep. They also reported that during neonatal 
wakefulness the heart rate was higher but the variability 
was the same as during quiet sleep.” 

The five states of sleep and wakefulness originally 
described in neonates are believed to take their origin 
in late fetal life in humans. Nijhuis et al.'* with use of 
real-time ultrasound observed that fetuses of 36 weeks’ 
gestation had developed states that were, in their or- 
ganization, fully comparable to the states originally de- 
scribed by Prechtl et al. in neonates. Nijhuis et al." 
described four different states, and one of these was 
characterized by a fetal heart rate with large and pro- 
longed accelerations, often fused into sustained tachy- 
cardia. They believed these were periods of wakeful- 
ness. Patrick et al. have defined the normal pattern 
of FHR accelerations was 40 seconds with a significant 
increase of up to 57 seconcs between 11 PM and 2 AM 
coincidentally with an increase in the incidence of gross 
ncrease of up to 57 seconds between 11 PM and 2 AM 
coincidentally with an increase in the incidence of gross 
fetal body movements at this time period. This sort of 
pattern in healthy neonates is observed only during 
times of wakefulness and they speculated that human 
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fetuses at term may have prolonged periods of wake- 
fulness in the late evening. 

The FHR response to vibratory acoustic stimulation 
defined in this study was characterized by an increase 
in basal FHR and duration and number of FHR ac- 
celerations in the absence of changes in FHR variability. 
These observations would be compatible with the hy- 
pothesis that fetuses have been changed from a state 
of sleep to a state of wakefulness as a result of vibratory 
acoustic stimulation. 

Schmidt et al.’ reported that external controlled 
sound stimulation at 2000 Hz (120 db) of 5-second 
duration with a loudspeaker separated from the ma- 
ternal skin by a ring of foam rubber failed to elicit any 
change in FHR or fetal body movement patterns.'® 
Therefore the FHR response to vibratory acoustic stim- 
ulus in this study may be a result of stimulation by the 
vibrational component rather than the acoustic com- 
ponent of the electronic artificial larynx. 

It remains to be determined whether a similar FHR 
response to stimulus with the electronic artificial larynx 
will occur in fetuses earlier in pregnancy. Data are also 
required regarding negative and positive predictive 
value for fetal outcome before suggesting any clinical 
application of the electronic artificial larynx in the eval- 
uation af fetal health. 


We wish to thank Professor G. S. Dawes and Mr. Isaac 
Rapoport for their kind assistance. 
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Psychological adaptation to pregnancy in childless women 


more than 35 years of age 


G. Erlick Robinson, M.D., David M. Garner, Ph.D., Douglas J. Gare, M.D., and 
Belinda Crawford, B.Sc. 


Toronto, Ontario, Canada 


Forty-five pregnant childless women with a mean age of 36.6 years (+ 1.7) were compared with 42 
nulliparous pregnant women with a mean age of 26.7 years (+ 2.8). Initial interviews determined the basic 
demographic data, the reasons for delaying pregnancy, attitudes to pregnancy, and plans concerning 
careers. Psychological tests were given to measure anxiety, depression, anger, marital intimacy, sense of 
autonomy, and role expectations. These psychological tests were applied to all patients at 12 to 16 weeks’ 


gestation and again at 28 to 32 weeks’ gestation. The demographic information from the two groups was 
remarkably similar. Although their ages differed by 10 years, their career goals, their family incomes, 
reasons for delaying pregnancy, and reasons for now getting pregnant revealed minimal differences. The 
Maffer Feminine Identity Scale revealed that the younger women held more traditional attitudes toward a 
woman’s roles than the older group. The Sociotrophy-Autonomy Scale indicated that the older women 
were more independent than the younger pregnant patients. The Symptom Checklist indicated that the 
older group were less troubled by pregnancy than the control group, and although their level of distress 
increased as the pregnancy progressed, they remained better adjusted as they entered the last trimester 


of their pregnancies. (Am J Osstet GyNecoL 1987;156:328-33.) 


Key words: Elderly primiparas, pregnancy, psychological adjustment, emotional adjustment 


In recent years, reliable methods of birth control and 
the changing roles of women have led to an increasing 
number of women postponing childbirth. In 1980, 
more than 13,000 women in their 30s gave birth to 
their first child; this represents a 94% increase since 
1975. Previous research has focused on the psycholog- 
ical and social changes occurring in young primiparous 
women during this transition from childlessness to 
being a parent. Considering the trend toward post- 
poning childbirth, it is surprising that there has been 
relatively little research into the psychological impact 
of giving birth at midlife. Baumann reported to the 
International Association of Psychosomatic Obstetrics 
and Gynecology that he had examined reasons for de- 
laying pregnancy in a group of women of different ages 
and concluded that the older women were unconven- 
tional in the sense that a high percentage lived with 
younger partners. The main reasons reported for de- 
layed childbearing were late acquaintance of the right 
partner and the wish to be free of responsibility. Un- 
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fortunately these women were interviewed only at the 
time of delivery, which may have influenced their recall 
of certain events. . 

A more detailed understanding of the pattern of ad- 
justment in older primiparous women may lead to more 
specific recommendations to this group and, if they 
experience more psychosocial difficulties, it may result 
in more appropriate support during the pregnancy and 
the postpartum period. The aim of the present study 
was to examine with standardized psychometric mea- 
sures the patterns of adjustment to pregnancy in a 
group of childless women who were 35 or older and 
compare them with a group of younger women who 
had never given birth. 


Patients and methods 


The present study was kased on interview and psy- 
chometric data obtained in a group of 45 childless 
women over the age of 35 and a group of 42 women 
30 years of age and under who also had never given 
birth. Both groups were interviewed initially between 
12 and 16 weeks’ gestation. The interview consisted of 
30 questions to obtain demographic data as well as in- 
formation concerning reasons for the timing of the 
current pregnancy, attitudes toward pregnancy, and 
plans concernmg child care and work. In all cases per- 
mission to interview the women was obtained from the 
appropriate physician and written informed consent 
was acquired from the prospective mother. 
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Table I. Circumstances surrounding pregnancy for older and younger childless women 






| Older 
primiparous women 
(n = 42) 


Reason for pregnancy 
Both emotionally ready 22 48.9 


Found suitable mate 19 42.2 
Suitable point in career 10 222 
Financially feasible’ 9 20.0 
Mcther emotionally ready 10 22.2 
Infertility solved 7 15.6 
Family pressure 0 0 

Marriage stable now 4 8.9 


Delay of pregnancy for 


No suitable partner 25 55.6 
Both not ready 10 222 
Infertility 7 15.6 
Career 8 17.8 
Financial reasons 5 11.1 
Pregnancy planned 35 77.8 
Very satisfied with being 39 86.7 


pregnant 


Psychometric testing was then carried out on two 
occasions: The first session was before viability (at 12 
to 16 weeks’ gestation) and the second was between 28 
and 32 weeks’ gestation. The final groups did not in- 
clude three women who refused to participate after the 
initial interview, 15 women who initially agreed to par- 
ticipate but did not return the first package of psy- 
chometric measures, and one woman who dropped out 
after initial testing. Of the women who completed the 
initial testing, one had a spontaneous abortion, one 
underwent abortion for genetic reasons, and another 
was excluded from the data analysis because her child 
was born with a serious birth defect. 

At the initial contact the women were given a package 
consisting of the following questionnaires with the in- 
structions to return them within 1 week: (1) the Symp- 
tom Checklist, which is a 90-item self-report measure 
designed to assess mood states including anxiety, de- 
pression, somaticism, hostility, phobia, obsessionality, 
paranoia, and psychoticism; (2) the Maffer Feminine 
Identity Scale, which is a 24-item scale that measures 
traditional and nontraditional sex role orientation; (3) 
the Social Intimacy Scale, which is a 20-item self-report 
measure of perceived intimacy with a significant other; 
(4) the Sociotropy-Autonomy Scale, which is a self-re- 
port personality measure that provides scores for social 
dependence (the degree to which social relationships 
are perceived as important) and autonomy (the degree 
to which independent pursuits are perceived as im- 
portanti. 

On the second testing occasion, the women were sent 
a package of self-report measures in the mail with in- 


Younger 
primiparous women 
(n = 42) 





34 81.0 8.34 <0.004 
5 11.9 8.54 <0.004 
2 4.8 4.20 <0.04 

12 28.6 0.47 NS 
4 9.5 1.73 NS 
l 2.4 3,08 NS 
I 2.4 0.001 NS 
] 2.4 0:71 NS 
9 21.4 9.24 <0.002 

20 47.6 5.13 <0.02 
l 2.4 3.08 NS 
4 9.5 0.64 NS 

16 38.1 7.23 <0.007 

34 81.0 0.01 NS 

36 85.7 0.00 NS 


structions to return them within 1 week. The following 
measures were completed: (1) the. Cranley Maternal- 
Fetal Attachment Scale, which is a 24-item measure with 
five subscales (role taking, differentiation of self from 
the fetus, interaction with the fetus, attributing char- 
acteristics to the fetus, and giving of self ) designed to 
assess the degree of maternal bondirig toward the fetus; 
(2) the Symptom Checklist; and (3) the Social Intimacy 
Scale described above. 

Data analysis. Group differerices on categorical vari- 
ables were analyzed with the use of the x? statistic and 
Fischer’s correction, where appropriate. Continuous 
variables were exposed to a two-way analysis of variarice 
(group X tésting occasion) except when measures wére 
administeréd only once, and then variables were com- 
pared with the use of Student's ¢ test (two-tailed). 


. Results 


AS expected, there were age differences between 
groups (older, mean = 36.6 + 1.7; younger, mean = 
26.7 + 2.8; t = 19.54, p< 0.0001); however, there 
were no differences between groups in the number 
of years married (older, mean = 4.1 + 4.1; younger, 
mean = 3.4 + 2.3). Similar proportions of the two 
groups of women had careers (older, 50.0%; younger, 
98.2%; x? = 3.24, NS), incomes greater than $25,000 
(older, 55.6%; younger, 43.6%; x? = 0.77, NS), and 
partners with incomes greater than $25,000 (older, 
78.6%; younger, 66:7%; x? = 0.96, NS). Significantly 
more of the older women (62.2%) than the younger 
group (38.1%) had a university education (x? = 4.14, 
p < 0.05). The older group had significantly more dif- 
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Table II. Scores on the Maffer Feminine Identity Scale and the Sociotropy-Autonomy Scale for older and 
younger childless women | 







Older women 
(n = 45) 
(mean + SD) 


58.8 + 10.1 


Maffer Fermmnine Identity 
score* . 

Sociotropy (total) 5L2 2 15.9 
Concern re disapproval 13.0 + 6.0 
Attachment 25.8 + 7.4 
Pleasing others 12.2 + 4.7 
Autonomy (total) 70.0 + 13.9 
Autonomous achievement 32.3 + 5.9 
Freedom from others’ contral 25.5 + 6.5 
eS for solituide 13.4 + 3.6 


*High score indicates more traditional values, 


ficulty conceiving with 1.1 (+2.4) years’ delay versus 
0.3 (+0.7) year for the younger group (t = — 2.18). 

With regard to obstetric performance, the duration 
of labor, Apgar scores at l and 5 minutes, weights of 
newborn infants, and neonatal course of the infants, 
there were no statistically significant group differences. 
Three significant perinatal problems occurred in the 
younger or control group, and these included one cage 
of bilateral talipes equinovarus, one case of pneumo- 
thorax with pneumomediastinum, and a case of duo- 
denal atresia. Similarly there were three significant neo- 
natal problems inthe babies delivered of mothers over 
age 35. These included a ventricular septal defect, 
which was repaired; a cleft palate, and one case of os- 
teogenesis imperfecta. 

As indicated in Table I, various reasons were given 
for delaying pregnancy in the’ younger and older 
groups. In the older group, the majority claimed that 
they had not had a suitable partner, less than a quarter 
stated that both partners were not yet ready to have 
children, and just over 15% idéntified infertility as the 
reason for delaying pregnancy. In the younger group, 
the most cOmmon reason for delaying concerned both 
partners not being ready for children followed by fi- 
nancial constraints. The majority of both the older and 
the younger women reported that they were satisfied 
with the pregnancy and that the event had been 
planned, The most common reason for becoming preg- 
nant in both groups was emotional readiness followed 
by finding a suitable mate for the older group and 
financial feasibility for the younger group. 

The history of previous pregnancies indicates that 
20 elderly primiparous women and 16 younger primi- 
parous women had previously had at least one abortion. 
In these subgroups, elective abortion was the most com- 
mon (45.0% in the older subgroup and 56.3% in the 
younger subgroup), but spontaneous abortions were 
also common (40.0% of the older group and 37.5% of 












Younger women 
(n = 41) 
(mean + SD) 






t Value 


66.0 + 11.4 3.1 <0.003 
61.7 + 17.0 3.0 <0.004 
15.0 + 6.6 1.4 NS 
32.4 + 6.7 4.3 <0:00 
13.6 + 5.5 1.3 NS 
63.9 + 11.3 -2.5 <0.02 
29.6 + 5.3 -2.2 <0.03 
22.8 + 6.3 -2.0 <0.05 
115 £27 -2,7 <0.003 


the younger group). Of the 11 older primiparous 
women who had had multiple abortions, 36.4% had 
been elective and 54.5% spontaneous. Only two of the 
younger women had had more than one elective 
abortion. . 

The results of the two groups of women on both the 
Maffer Identity Scale and the Sociotropy-Autonomy 
Scale were compared with £ tests, with a Bonferroni- 
type adjustment used to control for Type I error due 
to the multiple comparisons. The younger women had 
significantly higher scores than the older women on the 
Maffer Feminine Identity Scale, indicating that the 
younger women had more traditional views. The youn- 
ger women were significantly more sociotropic than the 
older women, particularly with respect to attachment 
to others or concern about separation, while the older 
women: were more autonomous than the younger 
women, especially on the preference for solitude factor. 
The Cranley Maternal-Fetal Attachment Scale was ad- 
ministered only at 28 to 32 weeks’ gestation and there 
were no significant group differences on four of the 
five subscales; the younger group had higher scores on 
the Differentiation Subscale (older, mean = 15.9 + 
2.7; younger, mean = +2.]; t= 2.32, p = 0.03) 
(Table II). | 

The Symptom Checklist and the Sacial Intimacy 
Scale were administered at 12 to 16 weeks’ gestation 
and at 28 to 32 weeks’ ges:ation. These data were sub- 
jected to analysis of variance with one between-subjects 
factor (age) and one within-subjects factor (stage of 
gestation). There were no significant group or time 
differences on the Social Intimacy Scale. As indicated 
in Table III, there were group, time, or interaction 
effects on most of the Symptom Checklist subscales. 
There were significant time of gestation effects for so- 
matizing, obsessive-compulsive, depression, anxiety, 
and psychoticism subscales with both groups of women 
reporting more symptoms at the second testing than at 
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Table HI. Score on the SCL 90 for older and younger childless women 


















Probability of effect 
Older women Younger women 
(n = 35) {n = 33) a Group X lime 
Subscale (mean + SD) (mean + SD) Group Time interaction 
Somatization 
Firs: time . 4.90 + 4.1 7.5 + 4.9 0.005 0.001 NS 
Second time 6.7 + 4.7 9.0 + 5.8 
Obsessive-compulsive i 
Firs: time 2D E37 D2 321 NS 0.002 NS 
Second time 5.4 + 5.2 6.2 + 4.7 
Intimacy 
Firs: time 9.4 + 2.7 4.7 + 3.2 0.008 NS NS 
Second time 2.6 + 3.1 4.5 + 4.3 
Depression 
Firs: time 45+ 4.5 9.3 + 6.5 0.01 0.03 0.02 
Second time 7.4 + 6.4 9.2 + 5.9 
Anxiezy l l 
First timé 2.0 + 2.2 3.9 + 3.3 0.04 0.05 NS 
Second time 3.2 + 3.4 4.3 + 4.6 
Hostil:ty 
First time 1.8 + 2.2 3.5 + 3.2 0.05 NS NS 
Second time 2.3 + 3.3 3.1 + 3.3 
Phobia 
First time 0.49 + Ll 14+ 1.4 0.006 NS NS 
Second time 0.83 + 1.2 2.1 + 3.3 
Paranoia 
Firs: time 1.7 + 2.6 2.23526 NS NS NS 
Second time 1.6 + 2.6 2.6 + 3.0 
Psychoticism ; 
First time 0.97 + 1.8 1.4 + 2.6 NS NS NS 
Second time 1.5 + 3.3 2.2 + 3.6 


the first testing. The younger women displayed signif- 
icantly more distress than the older women on soma- 
tizing, interpersonal sensitivity, depression, anxiety, 
hostility, and phobia scales. There were no significant 
group-by-time interactions except on the depression 
subscale, indicating that the older women increased in 
depression over time while the younger women did not; 
however, at the second testing the older women were 
still less depressed than the younger women. The total 
scores on the Symptom Checklist are summarized in 
Fig. 1, which indicates that both groups became sig- 
nificantly more distressed over time and that the youn- 
ger women overall report more distress than the older 
women. 


Comment 

A woman’s psychological adaptation may influence 
the course of pregnaricy, the labor and delivery, and 
the postpartum period, Emotional disorders in preg- 
nancy have been related to low self-esteem, previous 
psychiatric history, being unmarried, marital problems, 
and environmental stresses. Negative attitudes during 
pregnancy have been shown to be related to intense 
pain and higher levels of medication during labor. 
These findings are supported by McDonald,' who 
found a positive correlation between anxiety and labor 
length. 


Blum? retrospectively compared the ‘pregnancies of 
55 elderly primiparous women with those of two groups 
of primiparous women aged 20'to 29 and 30 to 34 and 
foiind that the older women were more careful during 
pregnancy and consulted their physicians more often. 
Zajicek* found that the younger women in his study 
were more likely to experience psychiatric problems 
both before and after birth, but 47% of his younger 
group were teenagers when they became pregnant. In 
contrast, Hayworth et al.t found that younger women 
and women who perceived themselves as less in control 
of their lives were more likely to be depressed post- 


natally. 


Previous research provides few insights into the 
degree to which observations derived from younger 
primiparous women may be generalized to women who 
have their first child somewhat later in life. Older 
women who become parents for the first time may dif- 
fer from younger women in many ways. They may be 
more finaricially stable and independent. They may 
have already established careers that have added to 
their sense of self-esteem, maturity, and role identifi- 
cation, Moreover, careers may be greatly influenced by 
the presence of a child. Having had relative freedom 
or the presence of only a dyadic relationship for many 
years, the woman may have difficulty adjusting to the 
increased ties and responsibilities of a child. The hus- 


Older 


i Young 
| 


Time 1. 
(12-16 weeks CE) 


Time 2 


{28-32 week: GE) 


Fig. 1. Total score on the Symptom Checklist for older and 
younger childless women. A two-way analysis of variance dem- 
onstrated a significant group effect (p < 0.01) and a significant 
time effect (p = 0.007). 


band may have had a longer period of accepting the 
present sex role of his wife and may not expect her to 
suddenly shift to a more traditional pattern. 

The results of the current prospective study indicate 
that the older group of pregnant women make a rel- 
atively positive adjustment to pregnancy. At 3 and 7 
months before delivery they demonstrate less distress 
than the younger women as measured by the Symptom 
Checklist. There are certain limitations that must be 
noted concerning group selection since it was not pos- 
sible to randomly allocate women to groups that would 
have a first child in their 20s versus those who would 
wait until they were 35 or older. Thus it is not possible 
to conclude that women who wait longer to have chil- 
dren will fare better during pregnancy. It may merely 
indicate that women who delay pregnancy are a dif- 
ferent and perhaps more robusi group than those who 
choose to have their children earlier in life. 

Moreover, the degree to which the two groups are 
representative of the general population is unknown. 
Both of the studied groups tend to be from the middle 
or upper-middle class socioeconomic strata. The youn- 
ger women were obtained from the practices of phy- 
sicians working in a large, untversity-affiliated metro- 
politan hospital. Although some of the older women 
were drawn from practices of the physicians at the hos- 
pital, many of the women were referred to the amnio- 
centesis clinic of the hospital; the degree to which se- 
lection based on willingness to undergo amniocentesis 
affected the findings is uknown. It is quite plausible 
that women who delay pregnancy do tend to come from 
higher socioeconomic groups. Nevertheless, the fact 
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that the groups were well matched in terms of most of 
the demographic factors allows us to compare the ef- 
fects of differences in age without the influence of fac- 
tors that have previously Eeen shown to be associated 
with distress during pregnancy such as low social class 
and economic problems. 
- In the current study the reason most often reported 
by the older women as reponsible for delaying preg- 
nancy was lack of a suitable partner. For some of 
them, this meant not having previously been married, 
whereas for others it meant having had an unsatisfac- 
tory earlier relationship. It 1s interesting to note the 
high degree of planned pregnancies in our two groups 
(77.8% and 81.0%). Other authors have found a lower 
percentage of planning in their samples: 41%, 33%,° 
and 52%.” The relationship between planning a preg- 
nancy and successful adaptation to pregnancy is not 
clear. Shereshevsky and Yarrow? found that planning 
was not related to adaptation to pregnancy, and En- 
twisle and Doering? found it not related to the woman’s 
attitude toward being pregnant. On the other hand, 
Zajicek? found that women who did not plan their preg- 
nancies were less likely to react positively throughout 
the pregnancy. Lederman" also found that women who 
had planned or wanted their pregnancy were well ad- 
justed. | 

A number of authors have commented on the change 
in women’s roles associated with having a child. Gordon 
et al.!' found that abnormal emotional reactions to 
pregnancy were related to a maternal role conflict, 
which indicated that mothers were prepared for social, 
educational, ard economic advancement outside the 
home but not for the maternal role. Lederman" de- 
scribed conflict being acute if the need to be a mother 
and the need to identify oneself as a career woman 
were both felt intensely. The findings of the current 
study indicated that the younger group held more tra- 
ditional attitudes than the older women, which may 
simply corroborate the fact that the older group was 
less traditional by virtue of their delaying of pregnancy. 
This explanation is weakened by the fact that there 
were no group differences in terms of numbers of years 
married, career, or income. Nevertheless, more of the 
older group had attended a university. These results 
may be confounded by an overrepresentation of Cath- 
olic women in our younger group and these women 
may have more traditional values. At the same time it 
may also be that there is a return to more traditional 
attitudes in many younger ‘women as they see the stress 
that other women are going through in terms of career 
and home conflicts. It will be important to determine 
whether these role attitudes change after the birth of 
the baby. Consistent with tae findings concerning role 
behavior, the findings from the current study indicated 
that the older women were more autonomous than the 
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younger women. Other authors have described the im- 
portance of autonomy in older women with careers. It 
may be that older women as a whole are more auton- 
omous than younger women or that the older women 
in the current study were more autonomous and there- 
fore chose to become pregnant later. 

Many authors have written about the importance of 
the relationship with the husband in terms of affecting 
both the course of pregnancy and the postpartum 
adjustment®and even tthe duration of labor and the 
need for sedation.” Dyer’? and LeMasters’® focused on 
the impact of the coming of a first child on the marital 
relationship. Both felt this generated crises in the mar- 
riage forcing each couple to reorganize many of their 
roles and relationships. The measure of social intimacy 
used in the current study failed to reveal significant 
effects for the women over time. It will be interesting 
to note if marked changes occur postnatally. 

The findings of the current study are consistent with 
those of other authors who have found increasing psy- 
chological tension during the last trimester of preg- 
nancy as women start to face the immuinence of labor 
and birth.* The younger group in the current study 
showed elevated levels on the depression scale at initial 
testing with only a slight increase on the second testing 
occasion, which may indicate a ceiling factor of their 
level of depression rather than an actual differential 
change in depression between the two groups. How- 
ever, it cannot be assumed that the younger group are 
more distressed than nonpregnant women of a similar 
age. It has been concluded from some studies that 
women of this age generally have a higher degree of 
symptom levels than older women. For example, in 
studies of younger women, Weissman and Kierman'*” 
have found high levels of depression and Griffith’® has 
found increased stress levels. which she hypothesized 
are pressures associated with heightened expectations 
and role conflicts in the absence of realistic role models 
in contemporary society. Younger women may also suf- 
fer from more unrealistic optimism and high expec- 
tations whereas older women either have achieved val- 
ued expectations or place less emphasis on attaining 
them. It may be that the results of the current study 
reflect simply the effects of age irrespective of the effect 
of the pregnancy. However, it is important to note that 
older childless women do not appear to be unduly dis- 
tressed during pregnancy despite a perhaps more ma- 
jor change related to this pivotal event in their lives. 
Not withstanding the greater danger of congenital de- 


Adaptation to pregnancy 333 


fects, these women are less symptomatic in the early 
months of pregnancy. Neither is their continued better 
adjustment merely the result of the reassurance ob- 
tamed by having amniocentesis as their depression level 
still rises over the course of pregnancy. 

The postpartum follow-up of these women will elu- 
cidate factors during the prenatal period that help to 
predict outcome. Such predictive factors would then 
allow preventative measures to be designed to help 
women who'may be vulnerable to problems in the post- 
partum period. _ 


The Canadian Psychiatric Research Foundation pro- 
vided support for the pilot project, and The Hospital 
For Sick Children Foundation and Bell Canada are pro- 
viding ongoing support. 
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Shoulder dystocia: Predictors and outcome 


A five-year review 


Susan J. Gross, M.D., Jerry Shime, M.D., and Dan Farine, M.D. 


Toronto, Ontario, Canada 


Shoulder dystocia is an uncommon complication of delivery with a high morbidity rate. Ninety-one cases 
were coded for shoulder dystocia at the Toronto General Hospital from 1980 through 1985. True shoulder 
dystocia was found in 24 cases, an incidence of 0.23%. There was no significant difference in average 
weight and percentage of macrosomia between cases of true shoulder dystocia and those merely coded 
as such. True shoulder dystocia was associated with a neonatal morbidity rate of 42%, consisting of a 
respiratory arrest and neurological and orthopedic damage. Fundal pressure, in the absence of other 
maneuvers, resulted in a 77% complication rate and was strongly associated with orthopedic and 
neurologic damage. Delivery of the posterior shoulder and the corkscrew maneuver were associated with 


good fetal outcome. (AM J OssteT GYNECOL 1987;156:334-6.) 


Key words: Shoulder dystocia, complications, obstetrics, delivery maneuvers 


Although shoulder dystocia is an uncommon com- 
plication of delivery with a suspected incidence of 
0.15% to 0.3%," it is associated with a relatively high 
morbidity rate of 16% to 48%? * and potentially dev- 
astating outcome. 

The risk factors for shoulder dystocia are often seen 
with macrosomia (birth weight of >4000 gm) and in- 
clude multiparity, postdatism, previous macrosomic in- 
fant, and obesity. Diabetes carries a twofold risk of 
shoulder dystocia that is due to a combination of mac- 
rosomia and altered body configuration.* * Prolonged 
second stage of labor and midforceps delivery (alone 
and in combination), as well as protraction and arrest 
disorders,° have also been identified as risk factors for 
shoulder dystocia. 

True shoulder dystocia refers to deliveries requiring 
maneuvers to deliver the shoulders in addition to down- 
ward traction and episiotomy.' The following study 
documents our experience with shoulder dystocia dur- 
ing a 5-year period. Deliveries complicated by true 
shoulder dystocia were compared to deliveries that 
were merely coded as such. The risk factors listed above 
were compared in these two groups. Management of 
shoulder dystocia and its relationship to fetal outcome 
and maternal morbidity were analyzed as well. 


Material and methods 


All vaginal deliveries (10,662 cases) performed at the 
Toronto General Hospital from April 1980 to March 
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1985 were analyzed retrospectively. There were 91 de- 
liveries coded for shoulder dystocia; 24 were cases of 
true shoulder dystocia (group 1); and the remaining 
67 cases, although coded as shoulder dystocia, merely 
required increased traction for delivery (group 2). Risk 
factors for shoulder dystocia were compared in both 
groups, with prolonged second stage referring to >1¥%2 
hours for a multiparous patient and >2 hours for a 
primiparous one.’ Maternal and fetal outcome were 
also compared. Fetal morbidity included the presence 
of one of the following: fractures, neurological damage 
such as palsies, and Apgar scores of <5 at 5 minutes. 
Maternal morbidity refers to the presence of uterine 
rupture, postpartum hemorrhage, and fourth-degree 
lacerations of the vagina. 

The Fisher exact test and x’ with the Yates correction 
were used for statistical analysis. 


Results 


The risk factors for shoulder dystocia in both groups 
are described in Table 1. There was no significant dif- 
ference in average weight or percentage of macrosomia 
between the two groups. Diabetes was present in only 
one patient in group 2 in a case with induction at 38 
weeks and delivery of a 3880 gm infant. There was no 
significant difference in the risk factors related to mac- 
rosomia between the two groups. Midforceps delivery 
and a prolonged second stage were more common in 
group | compared to group 2; however, the difference 
between the two groups was not statistically significant. 
Although the combination of these two risk factors was 
3.5 times more common in group 1 (21%) versus 
group 2 (6%), this difference did not prove to be sta- 
tistically significant. 

The neonatal and maternal complications are given 
in Table II. The morbidity associated with true shoul- 
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Table I. Risk factors in true and coded 
shoulder dystocia 















Coded shoulder 
dystocia 


True shoulder 
dystocia 





Fisk factor 
Macrosomia 
Multiparity 15 63 38 57 
Previous macrosomia 2 8 1] 16 
Obesity 4 17 6 9 
Diabetes 0 0 l l 
Postterm 2 8 9 13 
Prolonged second stage 6 25 8 12 
Midforceps delivery 12 50 20 30 
Prolonged second stage and 5 21 4 6 


midforceps delivery 


*Average weight + SD = 4069 + 277 gm. 
tAverage weight + SD = 3979 + 472 gm. 


der dystccia (group 1) was 42% (10 of 24 cases) as 
compared to 1.5% (one of 67 cases) in group 2 
(p < 0.005). Morbidity in group 1 consisted of six cases 
of Erb’s palsy, five fractured clavicles, and one respi- 
ratory arrest that was successfully recuscitated. In two 
cases the neonate had sustained more than one type of 
injury. In group 2 there was only one neonatal com- 
plication of a low Apgar score at 5 minutes, which re- 
solved by 10 minutes. There was only one case of ma- 
ternal morbidity, a fourth-degree tear that occurred in 
group 1. 

The relationship between the maneuvers performed 
and the fetal outcome is given in Table III. All ortho- 
pedic and neurological damage was associated with a 
combination of traction and fundal pressure. Delivery 
of the poszerior shoulder and the corkscrew maneuvers 
were associated with complications In only one case, in 
which a series of maneuvers were attempted which re- 
sulted in the case of respiratory arrest mentioned 
above. The child was successfully resuscitated, and fol- 
low-up of more than a year failed to reveal any devel- 
opmental abnormalities. 


Comment 


Because of the retrospective nature of this paper, 
there is room for error. Those cases designated as 
coded shoulder dystocia may in fact be true shoulder 
dystocia if maneuvers were not appropriately docu- 
mented. However, rigorous comparison between doc- 
tors’ and nurses’ notes revealed a high degree of con- 
sistency waich we feel should minimize this source of 
error. 

Acker et al.° have determined protraction and arrest 
disorders to be significantly associated with shoulder 
dystocia. Likewise, Benedetti and Gabbe? have identi- 
fied prolonged second stage combined with midforceps 
delivery as an intrapartum risk factor. Our study found 
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Table II. Neonatal and maternal complications 
of shoulder dystocia. 






Coded shoulder 
dystocia 


(n = 67) 


True shoulder 
dystocia 
















Complications 


Neonatal 
Low 5 min Apgar score 1 
Neurological 6 
Orthopedic 5 21 
0 


RO 
or 
oor 
coor 


Maternal 
Fourth-degree tear 


© 
hd 
pi 
or 


Table III. Maneuvers for shoulder dystocia 
and neonatal complications 





Complications 






Maneuver 


Fundal pressure 13 10 77 
Delivery of posterior shoulder 5 ie 20 
Corkscrew 6 1* 17 
Suprapubic l I” 


*Only one patient underwent a series of maneuvers (supra- 
pubic, corkscrew, delivery of posterior shoulder) which re- 
sulted in fetal hypoxia. 


the incidence of combined prolonged second stage with 
midforceps delivery to be considerably more common 
in true shoulder dystocia (ratio, 3.5: 1). Although the 
Fisher exact test revealed a p value of 0.0508, the lack 
of significance with x? with the Yates correction may be 
a reflection of the small numbers used for analysis. 
Macrosomia is a well-documented risk factor for 
shoulder dystocia.’ There was only one instance of di- 
abetes in group 2, and it was not associated with mac- 
rosomia. This may reflect the practice of diabetic pa- 
tients being delivered before 40 weeks, often by a ce- 
sarean delivery, and possibly a better control of diabetes 
in pregnancy. Macrosomia was not more common in 
the true shoulder dystocia group, which suggests that 
body configuration in macrosomia may be more im- 
portant than macrosomia per se. This concept was sug- 
gested by Modanlou et al. who performed anthro- 
pometric studies post partum which revealed that mac- 
rosomic neonates with shoulder dystocia had a greater 
shoulder-head and chest-head disproportion regard- 


less of birth weight. Their findings paralleled ultra- 


sound studies in diabetic mothers in which a macro- 
somia index was calculated by subtracting biparietal 
diameter from chest diameter. Elliot et al.? suggested 
that an index >1.4 cm suggests shoulder dystocia. Such 
measurements may be indicated before labor if ultra- 
sonographic estimated fetal weight is >4000 gm. 

The morbidity rate of 42% was high but not incon- 
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sistent with other reports.”* The corkscrew maneuver 
and delivery of the posterior shoulder were associ- 
ated with good fetal and maternal outcome. It is inter- 
esting that there was no documentation of hip flexion 
(McRoberts maneuver), which is reported to be simple 
and effective.” Fundal pressure in combination with 
traction was associated with neurological and ortho- 
pedic complications. The above findings would not be 
unexpected in light of the mechanism of fundal pres- 
sure which further impacts the anterior shoulder into 
the pubic bone, increases the risk of brachial plexus 
injury, and necessitates increased traction to accom- 
plish the delivery. Furthermore, the use of this ma- 
neuver delays the implementation of more effective 
techniques. 

Shoulder dystocia is a rare complication of labor that 
most obstetricians encounter infrequently. Manage- 
ment of shoulder dystocia is therefore often based on 
cumulative experience. A high index of suspicion 
should be maintained in the presence of certain risk 
factors. The present study also suggests that maneuvers 
such as the corkscrew maneuver or delivery of the pos- 
terior shoulder, which are mechanically logical, are 
safer than use of traction combined with fundal pres- 
sure, which only serves to compound the existing 
problem. 
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Cervical ripening and labor induction with prostaglandin E, 


gel: A placebo-controlled study 


Paul Bernstein, M.D., Nicholas Leyland, M.D., Paul Gurland, M.D., and 


Douglas Gare, M.D. 
Toronto, Ontario, Canada 


A randomized double-blind, placebo-controlled study was undertaken to evaluate the effect of a single 
intracervical application of prostaglandin E, gel on the ripening of the cervix and on the subsequent 
induction of labor with oxytocin in patients with low Bishop scores (<4), Compared to controls recaiving 
gel only, the group receiving prostaglandin E, ge! had significant increases in their cervical Bishop scores, 
shorter induction-to-delivery intervals, shorter time requiring use of oxytocin, and more successful labor: 
induction without oxytocin. Systemic side effects were minima! and fetal outcomes were comparable, as 
were the routes of delivery. (Am J Osster GYNECOL 1987;156:336-40.) 


Key words: Induction of labor, cervical ripening, prostaglandin E, 
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Spontaneous labor and vaginal delivery in uncom- 
plicated parturition follow a cascade of synchronous 
events that include the sof-ening and effacement of the 
cervix. If this “ripening” of the cervix fails to occur, it 
may be accurately predicted that attempts at induction 
will be prolonged if not completely unsuccessful.’ 

Various complications of pregnancy may necessitate 
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delivery before the cervix has undergone the ripening 
process. This may serve to impede attempts at induc- 
tion and predispose patients to increased fetal and ma- 
ternal morbidity. 

A number of clinical trials have supported the effi- 
cacy of prostaglandin E, in facilitating subsequent at- 
tempts of the induction of labor.** Of all the reported 
routes of prostaglandin administration, the direct ap- 
plication of the agent into the cervix appears to be the 
most advantageous in terms of increased efficacy and 
diminished side effects.* 

The objective of this study was to determine, in com- 
parison to placebo application, the effect of a single 
intracervical dose of prostaglandin E, gel on cervical 
ripening and the subsequent induction of labor with 
oxytocin. . 


Material and methods 


Women who presented with medical and/or obstetric 
indications for the induction of labor were enrolled in 
the study from the Mount Sinai and Toronto General 
Hospitals. Ultimately 107 women were included in the 
analysis. 

Admission criteria included written informed con- 
sent before entry into the trial, a gestational age of =36 
weeks, Bishop score of <4, and parity of <3. 

Exclusion criteria included known hypersensitivity to 
prostaglandins, any previous attempt at the induction 
of labor or cervical ripening, previous uterine surgery, 
suspected or clinically evident fetal compromise, vagi- 
nal bleeding, ruptured membranes, and fetal death 
in utero. 

Patients were then randomized in a double-blind 
fashion to the prostaglandin E, group (n = 52) or the 
control group receiving the placebo (n = 55). On ad- 
mission to the hospital, the patients were observed for 
30 minutes during which time a nonstress test was per- 
formed, maternal vital signs were monitored, and the 
initial laboratory tests were obtained. These included 
a complete blood count and differential, renal, and liver 
function tests and urinalysis. 

‘If no abnormalities were detected and the inclusion 
criteria were met, the initial Bishop score was assigned 
(Table I). After this, under direct cervical visualization, 
either 0.5 mg ‘of prostaglandin E; in 2.5 ml of gel or a 
placebo administration of 2.5 ml of gel only was injected 
by means of a prepared syringe and a sterile 2.5 mm 
Portex catheter into the cervical canal to the level of 
the internal os. 

The patients then remained in the delivery suite 
where cardiotocographic monitoring was performed 
continuously for 1 hour and intermittently thereafter. 
Maternal vital signs were recorded every 15 minutes 
for 1 hour, every hour for 3 hours, and every 4 hours 
thereafter. 

Patients who went into labor were managed and mon- 
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Table I. Cervical scoring chart 





Dilatation (cm) 7 QO 1-2 3-4 
Effacement (%) 0-30 40-50 60-70 
Station =3 <p — 1/0 
Consistency Firm Medium Soft 


Position of cervix Posterior Middle Anterior 





Table II. Comparison of study groups 


Prostaglandin E, | Placebo group 
group {n = 352) (nm = 53) 


Age (yr) 29.3 + 5.7 29.7 + 4.5 
Weight (kg) 75.7 + 12.7 77.5 + 15.6 
Gestational age (wk) 40.95 + 1.6 41.09 + 1.39 
Gravidity 1.76 + 1.0 1:76 + .90 
Mean arterial pressure 92.0 + 11.5 89.25 + 10.0 
(mm Hg) ` 
0.41 + 0.79 


Parity 0.35 + 0.59 





itored by their attending obstetrician as deemed ap- 
propriate. Labor was defined as the onset of regular 
uterine contractions resulting in the effacement and 
dilatation of the cervix to 23 cm. ` 

If labor did not ensue by reassessment at 12 hours 
(tio), a second Bishop score was assigned by the same 
observer and oxytocin induction was commenced with 
a use of 10 U of oxytocin per liter of %:¥% solution 
beginning at a rate of 2 mu/min, doubling the con- 
centration every 15 to 20 minutes as necessary. If labor 
commenced, each case was managed individually by the 
patient’s obstetrician. In those cases where no active 
labor was detected after 12 hours of oxytocin admin- 
istration, the decision to continue or to cease induction 
attempts was made by the attending physician. Patients 
were followed as to outcome and number of induction 
attempts, and the results are given in the following 
section. 
~ Statistical analysis consisted of Wilcoxon, Mann, and 
Whitney rank sum analysis, and in addition, an analysis 
of variance technique was used to assess the influence 
parity on the outcome parameters. 


Results 


Table II illustrates that the prostaglandin E, and pla- 
cebo groups were comparable in terms of age, weight, 
gestational age, gravidity, mean arterial pressure, and 
initial Bishop scores (to). 

A comparison of the indications for induction of la- 
bor (Table III) reveals the two groups to be similar with 
the most frequent induction being ‘postdates. 

Table IV summarizes the outcomes of the various 
phases of the study. As can be seen, the two groups 
began the study with similar Bishop scores (te); how- 
ever, the ‘scores 12 hours after cervical application (t:>) 
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=~ 30 (31.5) 
g PARITY = 0 
S 25 
z (19.5) (18.0) 
15 (14,9) PARTYS 1 





PGE PLACEBO 


Fig. 1. Time (in hours) from t to delivery. Effect of parity is 
illustrated. Both multiparous and primiparous women re- 
quired significantly less time after prostaglandin E; (PGE,) 
administration than after placebo administration, although 
multiparous women demonstrated a more pronounced effect. 


reveal a statistically significant increase in the prosta- 
glandin E, scores (p < 0.005). In addition, a compari- 
son of the net changes in Bishop scores (ty-to) is also 
significant (p < 0.0007). 

In a comparison of all patients, the time. in hours 
from t, to complete dilatation and to delivery were both 
significant (p < 0.0001 and p < 0.0002, respectively). 

Of those patients requiring oxytocin for induc- 
tion (prostaglandin E, group, n = 99: placebo group 
n = 45), the time from induction to delivery was sig- 
nificantly lower in the prostaglandin E; group (p < 
0.05) (Fig. 1). . 

The time from amniotomy to delivery and the max- 
imum dose of oxytocin did not achieve statistical sig- 
nificance. The placebo group received oxytocin for 
purposes of induction for a greater length of time 
(p < 0.03). 

Of the 52 patients receiving prostaglandin E, gel, 32 
(60%) achieved labor; of these, 17 (33%) were delivered 
without requiring Oxytocin. In the control group eight 
of 55 (15%) went into labor and six (11%) were deliv- 
eréd without receiving oxytocin. 

‘Table V uses analysis of variance to ere the role 
of parity on the outcome parameters found to be sig- 
nificant. For the parameters of time t, to delivery and 
toto full dilatation, both parity and group effects (pros- 
taglandin E: of placebo) are significant. In other words, 
the gel is effective in nulliparous and multiparous 
women, but it appears to have a greater effect in the 
former. There is no interaction between the group or 
parity effect. 

For the subpopulation of patients which excludes 
those in whom labor began before oxytocin induction, 
no significant parity or group effect or interaction is 
demonstrated. This would indicate that for those pa- 
tients not achieving labor within 12 hours of gel inser- 
tion, the effects on the subsequent induction of labor 
are less significant (Table VI). 
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Table III. Reasons for induction 


Prostaglandin E, | Placebo 
group group 


Postdates 32 40 
Preeclampsia/hypertension 9 © 6 
Renal disease l 

Urticaria 0 1 
Intrauterine growth retar- 3 l 

dation 

Oligohydramnios I 2 
Polyhydramnios l 0 
Previous stillbirth 0 2 
Isoimmunization 3 0 
Macrosomia l 0 
Diabetes 0 3 
Repeat false labor l 0 
Sample size 52 55 


There were no significant differences in mode of 
delivery (Table VII). The cesarean section rate in the 
prostaglandin E, group was 30.7% compared to 24% 
in the placebo group. This was not statistically signifi- 
cant. The indications for cesarean section are listed in 
Table VIII. . 

Laboratory parameters before and after the study 
did not change in either patient groups significantly. 
Maternal peripartum morbidity was minimal in the two 
groups. No significant side effects resulting from pros- 
taglandin administration were observed. Previous se- 
ries have reported systemic side effects such as fever, 
nausea, diarrhea, and uterine hypertonus. There were 
two cases of increased uterine activity in the period 
immediately after gel insertion. This resulted in vari- 
able decelerations in one case that responded to re- 
positioning the patient, oxygen, and intravenous fluid 
bolus. The fetal heart rate tracing became normal. In 
the second case there was persistent fetal tachycardia 
and fetal heart rate decelerations. Delivery by cesarean 
section was accomplished 2 hours after gel insertion on 
the decision of the attending obstetrician. Both infants 
had Apgar scores of 8 and 9 at birth. 

Fetal outcomes with regard to weight and Apgar 
scores at 1 and 5 minutes, respectively, were compa- 
rable between the two groups (Table IX). 

In the group receiving placebo (gel only), three pa- 
tients had evidence of tetanic contractions at the onset 
of oxytocin the next morning. In all three the uterus 
was allowed to relax and the induction resumed after 
a short time interval. Thus it is apparent that in both 
modes of induction the presence of hypertonic uterine 
activity may pose a problem. 


Comment 

On review of the literature, several studies have been 
performed evaluating the efficacy of prostaglandin 
E, in facilitating or initiating labor.*® Various routes 
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Table IV. Study parameters for prostaglandin E, and Pe gu ana significance levels 





2.84 + 1.09 2.90 + 0.91 NS 


Bishop score at to 

tat 6.57 + 2.65 5.07 + 2.46 <0.005 

tis — to 3.82 + 2.56 2.13 + 2.16 <0.0007 
Time to complete dilatation (hr)t 15.39 + 5.85- 95.52 + 15.82 <0.0001 
Time to delivery from ty (hr) 19.00 + 12.90 29.30 + 21.90 <0.0002 
Induction to delivery (hr) 12.30 + 16.50 18.30 + 19.60 <0.05 
Rupture of membranes to delivery (hr) 6.30 £ 3.73 6.90 + 3.74 NS 
Maximum dose of oxytocin - 18.00 + 13.40 18.00 + 11.40 . NS 
Total time of oxytocin administration (hr) 7.76 + 3.35 11.70 + 9.11 <0.03 
Labor before use of oxytocin (n) 32 8 <0.0001 
Delivery before use of oxytocin (n) WW l 6 <0.0059 


Analysis by Wilcoxon, Mann, arid Whitney rank sum test: 
*If in active labor or after. delivery; maximum score = 10. 


7Prostaglandin E; gel group, n = 37; placebo group, n = 40. 
Prostaglandin E; gel group, n = 22; placebo group, n = 45. 


Table V. Effect of parity on induction 
parameters 






. Total population 


Induction to delivery NS NS NS 












Time period Interaction 


Delivery from ty <0.05 <0.05 NS 
Dilatation from t; <0.05 <0.01 NS 


<0.00] NS NS 


Rupture of membranes 
to delivery 


Friedman’s two-factor analysis of variance. 


Table VI. Effect of parity on induction 
parameters excluding patients in labor at ty 





Time period 
Induction to delivery NS NS NS 
Delivery from to NS NS NS 
Dilatation from te NS NS NS 
Rupture of membranes 0.05 NS NS 


to delivery 


Friedman’s two-factor analysis of variance. 


of admiristration (intravaginal, intracervical), variable 
forms of administration (tablets, gels), and varying dos- 
ages and dosage schedules have been used.” * 

As stated in the introduction, our goal is to determine 
a safe and reliable method of ensuring that an iridicated 
induction proceeds smoothly for both mother and fe- 
tus. Widespread acceptance of prostaglandin E, has met 
with some resistance because of unpredictable absorp- 
tion and concerns regarding systemic toxicity and uter- 
ine hy pertoriia. 

In more recent reports it would appear that lower 
doses of prostaglandin E,, such as the 0.5 my used in 
the study, can be both safe and efficacious. Clinical 
research in this area has been hampered by the lack of 
a stable preparation of uniform dose. The product used 


Table VII. Mode of delivety 





Prostaglandin E, 
gel group 
ao Cte 
Spontaneous 15 15 NS 
Low forceps ll 15 NS 
Midforceps 10 12 NS 


Cesarean section 16 13 NS 


Table VIII. Iñdications for cesarean section 


Indication for 
- cesarean section aa 








Placebo 
group 










Fetal distréss ` 4 2 
Disproportion/failure to 11 8 
' progress” _ 

Breeth presentation 0 l 
Failed induction T = 0 2 
Unripe cervix . oe I 0 


Table IX. Fetal outcome 


Prostaglandin E, oor ae 
` group . | Placebo group | Value 





Fetal weight (gm) 


3495 + 542 37554510 NS 
Apgar store, l min 8.01 + 1.2 8.10 + 1.3 NS 
Apgar score, 5 min 9.0 + 0. 5 91404 NS 


in the study was prostaglandin E,, 0.5 mg, stabilized in 
a viscous methylcellulose gel supplied by the Upjohn 
Company of Canada. 

In this study, as in previous reports;” *-a single-dose 
regimen given in a double-blind, placebo-controlled 
fashion facilitated cetvical ripening, and in addition, 
by itself induced labor in a significant proportion of 
patients. For those patients not achieving labor, the sub- 
sequent induction of labor was facilitated by the preir- 
duction prostaglandin application. The drug appears 
to be free of major side effects for mother or fetus. It 
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must be stressed, however, that this trial was carried 
out under strict surveillance techniques. 

Prostaglandin E, gel does induce uterine contractility 
and may occasionally result in uterine hypertonia. Be- 
cause the conditions that most frequently necessitate 
induction, that is, postdates, hypertensive disorders of 
pregnancy, intrauterine growth retardation, etc., may 
be associated with placental insufficiency, the ‘ “ripen- 
ing” period’ must include careful fetal monitoring 
throughout the entire latent period but especially i in 
the first 1 to 2 hours, It is therefore our opinion that 
this drug can be safely used in any setting in which a 
cesarean section can be accomplished quickly if indi- 
cated. 

In some studies reviewed there i is the suggestion that 
use of an effective ripening agent ‘might réduce the 
overall incidence of cesarean section. In this study both 
groups had statistically comparable rates of cesarean 
section; however, it is of interest that few if any were 
due to “failed induction,” so one might conclude that 
any approaches previously including “failed induction” 
as an indication for cesarean section will definitely ben- 
efit from the use of prostaglandin E; gel. - 

Some questions, of course, remain unanswered. It is 
still not clear as to what is the optimal preinduction 
period after administration of a single dose of pros- 
taglandin E, gel (4, 8, or 12 hours). Additionally, the 
potential benefit of supplementary doses for those per- 
sistently unfavorable cervices needs to be evaluated. 
Indeed studies are now being carried out-to assess low- 
dose repetitive cervical applications of prostaglandin E, 
gel. _ a 


In summary, a single low-dose intracervical appli- 
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cation of prostaglandin E, gel proved to be a safe and 
reliable aid in dealing with indicated but potentially 
difficult inductions. The product has the advantages of 
being uniformly prepared, accurate in dosage, stable, 
easy to apply, and associated with minimal side ile 
for mother or fetus. 


We wish to thank the Upjohn Company of Canada 
for their support of-this project and also to thank 
the case room nurses whose efforts magi the study 
possible. 
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Clinical utility of multiple-dose administration of 


prostaglandin E, gel 
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w 


An open-label study was undertaken to assess the clinical impact of multiple doses of intracervical 
prostaglandin E, (0.5 mg) gel administered at 6-hour intervals. Fifty women with low Bishop scores 
requiring induction of labor were recruited. The prestudy mean Bishop score was 2.3 + 1.1 and changed 
significantly with one {p < 0.001), two {p < 0.001), and three {p < 0.002) doses. The mean gestational age 
of patients receiving three doses was significantly less than that of patients receiving one dose, (38.5 
versus 40.1 weeks, p < 0.005). Prostaglandin E, gel induced labor in 56% of patients, but 14% required 
subsequent oxytocin (Syntocinon) augmentation. Cesarean section was performed in 6% of patients. No 
deleterious fetal, neonatal, or maternal effects occurred. (AM J OssteT GYNECOL 1987;156:341-3.) 
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Prostaglandins are effective in ripening the unfa- 
vorable cervix and inducing labor.'* The low incidence 
of side effects, especially gastrointestinal, has made the 
intravaginal and intracervical routes of administration 
popular.* * 

Ripeness of the cervix influences the success of in- 
duction, thus the patient with an unfavorable cervix 
represents a greater challenge when induction is 
deemed necessary. In a previous study,’ we demon- 
strated that single-dose intracervical prostaglandin E, 
(PGE,) was efficacious in changing the Bishop score and 
inducing labor in a double-blind placebo-controlled sit- 
uation. In that study, however, 40% of the patients 
receiving PGE, did not go into labor and a significant 
proportion of these did not achieve cervical ripeness 
during the 12-hour observation period. It seemed rea- 
sonable, therefore, to consider multiple gel applications 
in situations in which a satisfactory result was not 
achieved with a single dose and, from a practical stand- 
point, reduce the interval of gel application from 12 to 
6 hours. 

This study was therefore designed to assess the clin- 
ical utility and patient safety of a protocol that allowed 
the administration of multiple doses of intracervical 
PGE, in women with low Bishop scores requiring in- 
duction. 
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Table I. Indications for induction of labor 


as l a 


Postmaturity 20 40 
Pregnancy-induced hypertension 14 28 
Intrauterine growth retardation 6 12 
Social 3 6 
Maternal conditions 3 6 
Fetal compromise 2 4 
Diabetes 2 4 


Material and methods 


This study was an open-label design involving mul- 
tiple administration of PGE, gel to a maximum of three 
doses at 6-hour intervals. The study population of 50 
patients was drawn from patients admitted by their 
attending physician for induction of labor at Foothills 
Provincial General Hospital. Patients were included if 
they had gestation ages of #36 weeks, a parity of 0 
to 3, a modified Bishop score of <4, and an expected 
vaginal delivery of a healthy newborn infant. Patients 
who had contraindications to uterine stimulation were 
excluded. 

Bishop score was determined and informed consent 
obtained. Laboratory evaluation, including complete 
blood count and urinalysis, was made before initial 
administration and repeated within 48 to 72 hours after 
the last dose. 

After a 30-minute evaluation period, 0.5 mg of PGE, 
in 2.5 ml of tri-acetin gel was administered into the 
cervical canal via a nylon catheter. Direct visualization 
of the cervix obtained by use of a speculum enabled 
the investigator to reach the internal os and withdraw 
the catheter slightly. Allowances were made for the 
catheter volume by an overfill in the syringe. The cath- 
eter was removed directly after administration and the 
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Table II. Data for primiparous patients (N = 24) 


One dose Two doses 
(0 hr) (6 kr) 


Maternal age (yr) 27.39 £5.02 
Gestational age (wk) 40.47 + 1.55 
Prestudy Bishop score 2.60 + 0.99 
Change in Bishop score 343E 1:75 
Labor induced by gel 6 
Labor induced by oxytocin 9 
Oxytocin augmentation 3 
Delivery outcome 

Vaginal 14 

Operative l 


Table III. Data for multiparous patients (N = 26) 


One dose Two doses 
(0 hr) (6 hr) 


Maternal age (yr) 27.53 + 3.96 
Gestational age (wk) 39.88 + 1.50 
Prestudy Bishop score 2.82 + 0.95 
Change in Bishop score 3.44 + 2.3] 
Labor induced by gel 13 
Labor induced by oxytocin 4 
Oxytocin augmentation 4 
Delivery outcome 

Vaginal 17 

Operative 0 


Table IV. Comparison of prestudy Bishop 
scores with 6- and 12-hour evaluations 


No. of 
cases Mean p Value 
Prestudy 44 2.3 + 1.0 <0.001 
l 
6 hr 5.5 + 2.3 
Prestudy = AQ 1.5 + 0.9 <0.001 
} 
12 hr 4.3 = 13 


6-hour observation period was initiated. Detailed as- 
sessment of contractions and electronic monitoring 
of maternal and fetal health parameters were used 
throughout the study period. 

Bishop score was determined 6 hours after initial 
administration by the same investigator if the patient 
was not in labor. For the purpose of this study, labor 
induction by gel was defined as the initiation of regular 
contractions with a dilation of the cervix of 23 cm. If 
the reassessed Bishop score was <4, a second dose of 
gel was given and a second 6-hour observation period 
initiated. The same procedure was performed at the 
end of the second 6 hours, and a 12-hour observation 
period followed the third dose. Subsequent labor in-. 
duction with continuous intravenous oxytocin was com- 
menced if the patient was not in labor either 12 hours 
after the third dose (24 hours after the initial dose) or 
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Three doses 
(12 hr) 

27.40 + 6.19 $2.75 + 6.95 
39.00 + 2.00 37.50 + 1.73 
2.00 + 0.71 0.75 + 0.96 
3.83 + 1.33 5.33 + 2.52 

2 2 

3 2 

0 0 

5 3 

0 I 

Three doses 
(12 hr) 

28.33 + 4.93 32.83 + 3.19 
39.67 + 2.08 38.67 + 1.63 
3.00 + 1.00 1.67 + 1.03 
1.67 + 1.21 ; 20 + 2.28 

3 2 

0 4 

0 0 

3 5 

0 l 


after a Bishop score of >4 was achieved at the end of 
the observation period. Oxytocin was continued until 
delivery or for 12 hours, at which time the attending 
physician decided on further management. Augmen- 
tation of labor was determined by the investigator and 
amniotomy was withheld until labor was established. 

Evaluation of labor, delivery, neonatal outcomes, 
and side effects were documented. Data were analyzed 
by X analysis. 


Results 


The indications for induction are summarized in 
Table I. Eighty percent of the study group fell into the 
categories of postmaturity, pregnancy-induced hyper- 
tension, and intrauterine growth retardation. 

Tables II and III demonstrate data with respect to 
maternal age, gestational age. prestudy Bishop scores, 
change in Bishop scores, labor characteristics, and 
delivery outcomes for primiparous and multiparous 
women. Results showed the two groups to be compa- 
rable in all aspects and indicéte that in situations with 
poor Bishop scores parity does not appear to affect the 
number of doses of gel required. 

The mean change in Bishop scores from 0 to 6 hours 
was 3.4 + 1.7 for primiparous women and 3.4 + 2.3 
for multiparous women, showing no statistically signif- 
icant difference. There appeared to be a trend toward 
a higher mean change in Bishop score from 6 to 12 
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hours in the primiparous women; however, a statisti- 
cally significant difference was not achieved. Compar- 
ison of the prestudy Bishop score with 6- and 12-hour 
evaluations is shown in Table IV. A statistically signif- 
icant difference was achieved and illustrates the efficacy 
of intracervical PGE, gel in affecting Bishop score. 

Of the study population, 28 (56%) of the patients 
went into spontaneous labor, and seven of them re- 
quired oxytocin augmentation. Surgical amniotomy 
was performed in 25 patients after labor was es- 
tablished. 

Delivery outcomes showed that 47 (94%) of the pa- 
tients achieved vaginal delivery. Three cesarean sec- 
tions were performed because of cord proplapse, fetal 
distress, and failure to progress. The patient with fail- 
ure to progress had a prestudy Bishop score of 0, which 
did not change despite three doses of PGE, gel. 

Newborn Apgar scores were unaffected by the num- 
ber of doses received, and 49 (98%) of the newborn 
infants were discharged after an uncomplicated hos- 
pital course. One neonate delivered by cesarean section 
because of cord prolapse was admitted to the neonatal 
intensive care unit for evaluation with a diagnosis of 
diaphragmatic hernia. 

Postpartum hemorrhage occurred in three patients. 
Estimated loss was >500 ml; however, all cases were 
managed conservatively without the need for trans- 
fusion. 


Comment 


Data obtained in this study demonstrate the effec- 
tiveness of multiple-dose administration of PGE, gel at 
6-hour intervals in changing Bishop scores and sub- 
sequent induction of labor irrespective of parity. 

A higher mean gestational age in patients requiring 
one dose of gel might possibly contribute to a higher 
prestudy Bishop score in these patients and further 
indicate that Bishop score appears to be the more im- 
portant variable in successful induction. 

Forty-seven (94%) of 50 patients achieved vaginal 
delivery. A 6% cesarean section rate compares favor- 
ably with lower rates seen after prostaglandin priming 
compared with placebo.’ 


Multiple doses of prostaglandin E, gel 343 


More rapid absorption of PGE, from cellulose gel 
rather than from tablets was demonstrated by Gordon- 
Wright.? An increased frequency of side effects might 
be anticipated with gel, but this did not occur in our 
study. Indeed, no adverse fetal or maternal effects 
could be attributed to PGE,. Two cases of fetal distress 
were not associated with hypertonic uterine contrac- 
tions; cord prolapse was diagnosed in one case. Nausea, 
when it occurred, was related to the use of narcotics 
for analgesia. The 6-hour interval between doses may 
reduce potential side effects from drug accumulation; 
however, this needs further study. 

The incorporation of a protocol allowing repeated 
application of PGE, gel at 6-hour intervals in patients 
with an unfavorable cervix was useful in achieving a 
successful induction of labor and a low cesarean section 
rate and was unaffected by the parity of the patient. 
The absence of side effects in this study confirmed the 
safety of this regimen. 
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Immunosuppressor factor(s) produced by decidua-associated 
suppressor cells: A proposed mechanism for fetal 


allograft survival 


Salim Daya, M.B., Ch.B.,* Kenneth L. Rosenthal, Ph.D., and 


David A. Clark, M.D., Ph.D.** 
Hamilton, Ontario, Canada 


Mechanisms that explain failure of rejection of the antigenic fetus by the mother appear to lie at the 
fetomaternal interface. Successful pregnancies have been correlated with the presence of 
decidua-associated suppressor cells. Supernatants from these cells were tested for their ability to suopress 
the proliferation of interleukin 2-dependent cells and were also subjected to high-performance liquid 
chromatography. Decidual supernatant was found to have peak suppressive activity at two molecular 
weights (43,000 and 21,000 daitons). The activity of decidual supernatant was directed specifically at 
interleukin 2—dependent cells and interfered with interleukin 2 action. The importance of this mechanism in 
graft rejection is well Known. Decidual supernatant may thus prevent fetal allograft rejection by preventing 
the maternal cytotoxic effectors from receiving the interleukin 2—dependent help that they need to 
proliferate and remain actively cytolytic. (Am J OBSTET GYNECOL 1987;156:344-50.) 


Key words: Decidua, fetal allograft survival, interleukin 2 


The mammalian fetus may be viewed as a type of 
allograft that is capable of survival in an immunologi- 
cally hostile host. The fetus itself bears transplantation 
antigens against which the maternal immune system 
can react. Priming against fetal alloantigens in vivo re- 
sults in the formation of antipaternal cytotoxic reactiv- 
ity which has no effect on fetal health or survival.’ Al- 
loimmunization in several strain combinations of fe- 
male mice against paternal antigens does not result in 
antibody formation despite the presence of major 
histocompatibility complex differences between the 
mother and fetus.' Thus systemic immunosuppression 
by allospecific T suppressor cells or by “blocking” an- 
tibodies does not appear to be necessary for survival of 
the fetal allograft. 

In contrast, allografts placed at the choriodecidual 
junction experience prolonged survival despite the 
presence of class I major histocompatibility complex 
antigens on some fetal trophoblast populations which 
also resist lysis by natural killer cells and cytotoxic 
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T lymphocytes.’ Fetal rejection, however, is associated 
with an infiltrate of maternal cytotoxic cells, which ap- 
pear to first pass through or between the trophoblast 
without causing lysis of the latter.’ Such rejection has 
also been associated with a local deficiency in the de- 
cidua of nonspecific suppressor cells.* * These sup- 
pressor cells appear to be activated or recruited by tro- 
phoblast cells. The immunologic success or failure of 
the fetal allograft, therefore, appears to be determined 
largely by events at the fetormmaternal interface. 

Two types of maternal suppressor cells have been 
isolated from the human uterine lining.’ These cells 
suppress the ability of maternal T cells to proliferate 
in response to concanavalin A. A large, probably hor- 
mone-dependent suppressor cell has been isolated 
from the endometrium of normal menstrual cycles. 
The suppressive activity of this cell is seen only in the 
luteal phase and is absent in the proliferative phase. 
Maximal activity appears to be present at a time when 
implantation would normally occur. A second, smaller, 
and probably trophoblast-dependent suppressor cell 
has been isolated from the decidua of successful preg- 
nancies. Its activity is preser.t even in the first preg- 
nancy, and it is seen to gradually decline as term ap- 
proaches. 

The mechanism of suppression by these human sup- 
pressor cells has not been determined. In this article 
we show that decidua-associazed suppressor cells elab- 
orate soluble factors that have immunosuppressive 
properties through their ability to block interleukin 2 
action. The importance of this mechanism is discussed, 
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since it is known that interleukin 2 is a key molecule 
involved in the activation and proliferation of cytotoxic 
T lymphocytes that are necessary to mediate allograft 
rejection. 


Material and methods 


Animals. Mice of C3H/HeJ and DBA/2 strains were 
purchased from the Jackson Laboratory, Bar Harbour, 
Maine. Four or five were housed per cage and allowed 
water and food ad libitum. Sprague-Dawley rats were 
purchased from Charles River Laboratories, St. Con- 
stant, Quebec. 

Cell preparation. All cells were resuspended in 
a—minimal essential medium supplemented so as to 
contain 10% fetal bovine serum, 100 g/ml of penicil- 
lin, 100 pg/ml of streptomycin, 20 mmol/L of Hepes, 
sodium bicarbonate and 2.92 mg/100 ml of L-gluta- 
mine. Preparation included the following steps: (1) Pe- 
ripheral blood lymphocytes were separated from ve- 
nous blood by density centrifugation with use of Iso- 
paque-Ficoll as previously described.* (2) Decidual 
lymphocytes were separated from decidua obtained by 
uterine curettage after elective abortion in the late first 
trimester. The lymphoid cells were separated by density 
centrifugation after single cell suspensions of the ma- 
terial were made as previously described.’ (3) Endo- 
metrial lymphocytes were obtained by dilatation and 
curettage in the luteal phase from women with normal 
menstrual cycles undergoing infertility assessment. The 
lymphocytes were prepared in a similar way to decidual 
lymphocytes. (4) Peripheral lymph node lymphocytes 
. were obtained from 6- to 8-week-old virgin C3H/He]J 
female mice. (5) P815 (H-2d) mastocytoma cells were 
serially propagated in ascites in DBA/2 male mice. 
(6) YAC-1 lymphoma cells were cultured in vitro in 
RPMI supplemented to contain 10% fetal calf serum, 
1% L-glutamine, 1% penicillin and streptomycin, 1% 
Hepes, and 1% ins bicarbonate. (7) OW-7 hu- 
man ovarian carcinoma cells (provided by Dr. R. N. 
Buick, Ontario Cancer Institute, Toronto, Canada) 
were grown in vitro in RPMI and disloged with use of 
trypsin before being ee in -minimal essen- 
tial medium. 

Generation of supernatants. Prepaadous of 2 x 
10° decidual lymphocytes and endometrial lymphocytes 
were each incubated in 1 ml of o-minimal essential 
medium for 48 hours at 37° C in 6% to 7% carbon 
dioxide. The cell-free supernatant was removed and 
stored at 4° C. . 

Purification of suppressor factor from crude decid- 
ual supernatant. Decidual supernatant was purified by 
high-performance liquid chromatography. A ‘TSK gel 
G3000SW column (Toyo Soda USA Inc., Atlanta) that 
had been preequilibrated with Tris (0.01 mol/L) in so- 
dium chloride buffer (0.10 mol/L) at pH 7.0 was used. 
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Fig. 1. Effect of endometrial and decidual supernatants on 
lymphocyte proliferation. Means + SEM of three experi- 
ments showing the effect of various concentrations of endo- 
metrial supernatant (@) and decidual supernatant (4) on con- 
canavalin A—induced proliferation of human peripheral blood 
chi cate ial 


Fractions were eluted at a flow rate of 1 ml/min at room 
temperature. Each fraction was sterilized by filtration 
(Millex-GV 0.22 um filter unit, Millipore Corporation, 
Bedford, Massachusetts) and then supplemented with 
fetal bovine serum to a final concentration of 10%. The 
column was calibrated with use of a variety of molecular 
weight markers, namely, B-amylase, alcohol dehydro- 
genase, bovine serum albumin, carbonic anhydrase, 
and. ribonuclease. 

Toxicity tests. Decidual supernatant was tested for 
toxic effect on lymphocytes by a comparison of the 
viability in 0.4% trypan blue of the cells cultured with 
use of decidual supernatant with the viability by means 
of medium alone. 

‘Interleukin 2 responses. Interleukin 2 was prepared 
by concanavalin A stimulation of rat spleen cells with 
use of a standard method. Stated briefly, rat spleen cells 
at a density of 5 x 10° per milliliter were cultured in 
RPMI containing 5 gm/ml of concanavalin A; 48 hours 
later the supernatant was harvested after centrifugation 
at 1000 x g for 20 minutes. Supernatants were then 
sterilized by filtration and stored at — 20° C until used. 
These interleukin 2 cells containing supernatants were 
tested for their ability to induce proliferation of H-Y 
cells, a cloned mouse natural killer cell line. This cell 
line has been shown to be interleukin 2—dependent with 
use of purified lymphokines (unpublished results). 
Twofold dilutions of interleukin 2 samples (at a final 
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Table I. Effect of decidual supernatant on . 
proliferation of non—interleukin 2-dependent cells 








Tritiated thymidine incorporation 


Cells cultured 





with medium 
Cells cultured plus dectdual 
Cells with medium supernatant 
‘cultured alone (cfrm)*. (epm)*t 





YAC-1 532 + 33 520 + 54t- 
P815 126982 + 10167 126987 + 5117+ 
OW-7 5815 + 643 6045 + 5614 


*Fifty microliters per well of detidual supernatant was used 
to test for suppressive effect. 


tValues represent mean + SEM from four replicates of a 
typical experiment. 


. Not significantly different from incorporation in medium 
alone; p > 0.05. 


concentration of 5%) were prepared, and 50 pl con- 
taining 1 x 10* H-Y cells was added to each well in 96- 
well, flat-bottomed microculture trays (Linbro, Flow 
Laboratories Inc., Mississauga, Ontario, Canada). At 
the beginning 100 pl of decidual supernatant was 
added to the interleukin 2 assay to test for its ability to 
block the interleukin -2-dependent proliferative re- 
sponse. Incubation was carried out at 37° C for 24 
hours. The cells were then labeled with 1 mCi of tri- 
tiated thymidine (New England Nuclear, Boston) for 
6 hours, harvested onto glass fiber strips, and processed 
for detection of radioactivity in a Beckman liquid scin- 
tillation counter. 

Suppression assay. Peripheral blood lymphocytes, at 
a density of 1 x710° cells per well were cultured in 
a-minimal essential medium and stimulated to prolif- 
erate with concanavalin A at a final concentration, of 
10 mg/ml. Suppressive activity of decidual supernatant 
(purified and crude) and crude endometrial lynipho- 
cyte supernatant were tested for their ability to suppress 
proliferation of the peripheral blood lymphocytes when 
compared with medium alone, The cells were cultured 
in 96-well, round-bottomed microculture trays for 48 
hours followed by the addition of 1 mCi of tritiated 
thymidine. Incubation was carried out for a further 16 
to 18 hours before harvest and detection of radioactiv- 
ity, A similar assay was used for mouse peripheral 
lymph node lymphocytes. The tumor cell lines, how- 
ever, were grown for the same duration but without 
the addition of concanavalin A. Time course experi- 
mefits were also performed by use of peripheral blood 
lymphocytes and by varying the time when crude de- 
cidual supernatant was added to the cell cultures. 

Statistical analysis. The degree of tritiated thymi- 
dine uptake in counts per minute (cpm) was used to 
determine suppression activity, which was calculated 
with use of the following formula: 
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% Suppression = 
(cpm without cpm with 


supernatant = supernatant 
) x 100 


(cpm without supernatant) 


Results 

Soluble suppressive activity. Fig. 1 shows the effect 
of supernatant from endometrial and decidual lym- 
phocytes on mitogen-induced proliferation of human 
peripheral blood lymphocytes. The endometrial lym- 
phocytes from the luteal phase of menstrual cycle are 
known to have a direct suppressive activity,‘ but the 
cells did not mediate suppression by producing a šol- 
uble suppressor. factor (top of Fig. 1). In contrast, the 
supernatant from decidua-associated cells was highly 
suppressive even in very low concentrations (bottom of 
Fig. 1). This. suggests that the suppressive activity pro- 
duced by decidiia-associated suppressor cells was me- 
diated by elaboration of a potent soluble suppressor 
factor (or factors). 
_ Mechanism of inhibition of T TE The pos- 
sibility that suppression of peripheral blood lympho- 
cytes proliferation by decidual supernatant might be 
the result of a nonspecific toxic effect was evaluated. 
Incubation of human lymphocytes with decidual su- 
pernatant for 24 hours at 37° C had. no effect on via- 
bility (90.1% in medium versus 88.7% in decidual su- 
pernatant, p > 0.05). Decidual supernatant was also 
added during the final 18 hours of 3-day human lym- 
phocyte cultures with concanavalin A when lympho- 
blasts were present. Blasts cultured in the presence of 
decidual supernatant had a viability of 75.4% whereas 
blasts grown in medium alone were 78.6% viable 
(p > 0.05). Thus the suppressive activity of decidual 
supernatant was not attributable to toxicity to cells dur- 
ing short-term (<24-hour) exposure. To determine 
whether toxicity occurred zfter a longer incubation pe- 
riod, decidual supernatant was included in 3-day cul- 
tures of three different non—interleukin 2—dependent 
cell lines (Table I). Proliferation was not inhibited, con- 
firming that the suppressive activity of decidual super- 
natant was not due to a nonspecific toxic effect on the 
cell. | 

It is known that interleukin 2 induces activated cy- 
totoxic T lymphocytes to proliferate, migrate, and carry 
out allograft rejection. The inhibition of lymphocyte 
proliferation by decidual supernatant could represent 
an interference with the generation or action of inter- 
leukin 2. To determine whether this occurred, decidual 
supernatant was added to cultures of three different 
interleukin 2—dependent cell lines (Table I). Signifi- 
cant suppression of prol:feration occurred with all 
three cell lines, indicating that decidual supernatant in- 
hibited interleukin 2—iriduced cell proliferation. Fig. 2 
shows a direct dose effect of decidual supernatant, 
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Table II. Effect of decidual supernatant on 
proliferation of interleukin 2—dependent cells 








Trittated thymidine incorporation 


Cells cultured 
with medium 





Cells cultured plus deciducal 
with medium supernatant 
Cells cultured alone (cpm)T (cpm)*7 





Human periph- 64535 + 2769 9399 + 419 
eral blood 
lymphocytes 

Mouse periph- 
eral Ilyvmph 
node lym- 
phocytes 

H-Y cells 


586 + 112 267 + 78 


59524 + 1998 29397 + 7489 


*Fifty microliters per well of decidual supernatant was used 
to test for suppressive effect. 


{Values represent mean + SEM from four replicates of a 
typical experiment. 


demonstrating a marked reduction in H-Y cell prolif- 
eration with increasing concentrations of decidual su- 
pernatant. | 

Time course suppression by decidual supernatant. 
It is known that interleukin 2 is produced during the 
first 24 hours of culture and then binds to interleu- 
kin 2 receptors on activated lymphocytes. To determine 
whether decidual supernatant could antagonize the ac- 
tion of interleukin 2 after it had bound to receptors 
time course experiments were undertaken. Fig. 3 shows 
the effect of adding decidual supernatant to human 
lymphocyte cultures at a final concentration of 1:8 be- 
tween 0 and 48 hours following initiation of concana- 
valin A stimulation. When decidual supernatant was 
added after 18 hours, there was no suppression. These 
data suggested that decidual supernatant acted on the 
cell or interleukin 2 before receptor interaction. 

Size of suppressive molecules in decidual super- 
natant. To define more accurately the molecular species 
responsible for suppression by decidual supernatant, 
separation into different fractions was carried out by 
high-performance liquid chromatography. Fig. 4 shows 
that two major peaks of suppressive activity were ob- 
tained that corresponded to molecular weights of 
43,000 and 21,000 daltons, respectively. There was also 
a smaller peak of suppressive activity corresponding to 
60,000 daltons. o 


Comment 


Successtul pregnancies have been associated with the 
presence of suppressor cells in the uterine decidua.’ * 
The mechanism of suppression by these cells in the 
human has not previously been determined. The data 
in this paper show that decidua-associated lymphocytes 
in early human pregnancy elaborate a soluble sup- 
pressor factor that acts by blocking the action of inter- 
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Fig. 2. Effect of decidual supernatant (DS) on interleukin 2- 
dependent cell proliferation. A 20% dilution of rat interleu- 
kin 2 was added to the interleukin 2-dependent H-Y cell 
line in the presence of decreasing concentrations of de- 
cidual supernatant (M) and in the presence of medium (®). 
Means + SEM are shown. 


leukin 2. This is clearly seen in cultures of H-Y cells 
which depend on interleukin 2 for proliferation and 
do not require the presence of an antigen. The soluble 
factor from decidua suppresses proliferation, suggest- 
ing that it interferes in some way with interleukin 2 
action possibly by preventing interleukin 2 from bind- 
ing to its receptor. The fact that the action of human 
decidual supernatant is directed specifically at interleu- 
kin 2-dependent cells is also shown by the observation 
of inhibition of mitogen- -induced proliferation of both 
human lymphocytes and mouse peripheral lymph node 
cells. In contrast, the proliferation of three non—inter- 
leukin 2—dependent cell lines, including YAC-1 (a 
mouse lymphoma), P815 (a mouse mastocytoma), and 
OW-7 (a human ovarian carcinoma), was not inhibited. 

The importance of interleukin 2 in graft rejection is 
well known. T helper cells become activated when pre- 
sented with antigen and produce interleukin 2.° This 
augments the proliferation of alloantigen-specific cy- 
totoxic T lymphocytes. It also activates and stimulates 
the proliferation ‘of natural killer cells and a population 
of T cells (lymphokine- -activated killer cells) that kill a 
variety of tumor cells that are resistant to specific cy- 
totoxic T lymphocytes. 6 Thus a variety of cytotoxic 
effector cells can become activated through the effects 
of interleukin 2. This is necessary, since different types 
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Fig. 3. Time course suppression by decidual supernatant. De- 
cidual supernatant (Ħ) at a final concentration of 12.5% was 
added to lymphocyte cultures at various times after initiation 
of concanavalin A stimulation. Medium (8) was used as control. 
Méans + SEM of three experiments are shown. 


of cells in a graft require different types of effector 
cells for their inactivation or destruction.? Antitumor 
effects. of interleukin 2 have been determined by ob- 
serving the rejection of nonimmune murine and hu- 
man tumors into which it has been injected.” 
Therefore it would seem that blocking the response to 
interleukin 2 could markedly affect the host’s graft- 
destroying mechanisms. Decidual supernatant from de- 
cidua-associated suppressor cells may thus prevent fetal 
allograft rejection by preventing the maternal éffectors 
from receiving the interleukin 2-dependent “help” 
that they need to proliferate and remain actively cyto- 
lytic. Since the motility of these effectors is inter- 
leukin 2—dependent, decidual supernatant may also 
block their migration into the fetus through the tro- 
phoblast. 

There is some evidence to saugest that such sup- 
pressor activity may protect the antigen-bearing feto- 
placental unit from adverse effects of maternal im- 
munity. In situations of deficient suppressor cell activity 
in the uterus, the fetal allograft i is highly susceptible to 
maternal antipaternal immunity. For exainple, in 
missed abortions in humans there is a deficiency of 
suppressor cell activity in the decidua.‘ Similarly a sup- 
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Fig. 4. Size of suppressive molecules in decidual supernatant: 
A 25% concentration of decidual supernatant was separated 
by high-performance liquid chromatography, and each frac- 
tion (W) was tested at a final concentration of 25% for suppres- 
sion of concanavaliri A~induced. lymphocyte proliferation. 
Medium (@) was used as control. Means + SEM are shown, as 
well as the molecular weight markers that were used for cal- 
ibration. 


pressor cell deficiency in decidua and in the lymph 
nodes draining the uterus correlates with the presence 
of spontaneous resorption of fetuses in allopregnant 
mice.? The inhibition of interleukin 2 responses by de- 
cidual supernatant would therefore be expected to pro- 
tect fetuses from a variety of maternal effector mech- 
anisms both in nonimmune animals and in women with 
transplantation immunity to paternal major histocom- 
patibility. complex antigens. Further studies are re- 
quired to determine whether decidual supernatant can 
also inhibit some of these other effector cells such as 
natural killer cells, which kill embryonic cells and mac- 
rophages. This seems likely, since natural killer activity 
in the murine uterus decreases as pregnancy ad- 
vances.) 

Thé mechanism of activation of the decidua-associ- 
ated suppressor cells is still under i investigation. Decid- 
ual suppressor cells in the murine uterus are activated 
by trophoblast. Also recent studies of fractionated hu- 
man luteal phase endometrial cells have shown that 
trophoblast membrane and soluble placental signals 
may be involved in this activation. Therefore the fetus 
appears to be directly responsible for controlling its 
own survival in the mother. Failure to activate these 
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suppressor cells would then result in early pregnancy 
wastage. 

The decidual supernatant factor was found to have 
a peak activity at two molecular weights, namely, 43,000 
and 21,000 daltons, with a smaller peak of activity at 
60,000 daltons. Whether these represent distinct mol- 
ecules or are polymers or breakdown products is un- 
clear. Decidual supernatant suppressor factor obtained 
from allopregnant mice (and which also blocks the re- 
sponse to interleukin 2) had a molecular weight of 
80,000 to 100,000 daltons by sephacryl chromatogra- 
phy.” Recent studies with use of high-performance liq- 
uid chromatography methods have shown additional 
activities at 40,000 and 20,000 daltons (Clark et al., 
unpublished observations). Thus decidual supernatant 
appears to be similar in both the human and murine 
systems. 

Other types of suppressor factors have been de- 
scribed in the literature. For example, Badet et al.” 
have obtained a 60,000 dalton factor from the decidua 
of syngencically mated C3H mice as well as from de- 
ciduomas in which no trophoblast is present. Hardt 
et al.” described a T cell—derived factor in the serum 
of mice that inhibits the response to interleukin 2 and 
has a molecular weight of 50,000 daltons. Many tumor 
cells can also produce factors that suppress prolifera- 
tion of T cells in vitro. These factors generally have 
molecular weights <50,000 daltons, and their mecha- 
nism of action has not yet been determined. 

Other types of proteins produced by the human uter- 
ine lining have also been described in the literature. 
The functional properties of these proteins have not 
yet been determined. Progestogen-associated endo- 
metrial protein, a glycoprotein with a molecular weight 
of 47,000 daltons which can be reductively dissociated 
to two subunits with each having molecular weights of 
27,000, has been isolated from human endometrium, 
and the amounts detected rise rapidly during early 
pregnancy.’ Progestogen-associated endometrial pro- 
tein appears to have a molecular weight similar to de- 
cidual supernatant, but it is not known whether it also 
has similar immunosuppressive properties. Other re- 
ports indicate that of the many secretory proteins of 
pregnancy endometrium, two appear more commonly 
during early pregnancy.” EP14 is a subunit with a mo- 
lecular weight of 32,000 daltons that is associated with 
decidualized endometrium, and its rate of production 
increases during early pregnancy.” EP15, a subunit 
with a molecular weight of 28,000 daltons, is also pro- 
duced by secretory endometrium during the menstrual 
cycle and during early pregnancy until 15 to 16 weeks’ 
gestation after which it is no longer detectable. Again, 
no immunosuppressive activity has yet been detected 
with these proteins. Since skin grafts placed on decidu- 
omas in parous immune mice are rejected whereas sim- 
ilar grafts at the choriodecidual junction are protected, 
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trophoblast-dependent suppressor cells and their fac- 
tors appear to be the major defense against rejection 
in vivo.’ 

It is rapidly becoming evident that fetal allograft sur- 
vival against an active maternal immune system de- 
pends on a definable interaction of cells and immu- 
nomodulating factors at the fetomaternal interface. 
Development of monoclonal antibodies to the decidua- 
associated suppressor cell and its suppressor factor will 
provide more information about the intricate mecha- 
nism of this fetomaternal interaction. With this knowl- 
edge we may be able to develop a clearer understanding 
of the clinical problem of early embryo and pregnancy 
wastage and unexplained infertility. Ultimately we may 
be able to provide treatment for this chronic, frustrat- 
ing, and distressing problem. One such treatment may 
be immunotherapy in women using allogeneic cells. 
This has been shown to boost decidual supernatant 
activity in mice, thereby preventing spontaneous abor- 
tion (Clark et al., unpublished observations). 


We thank Rita Campbell for expert technical as- 
sistance. 


REFERENCES 


l. Chaouat G, Kolb JP, Wegmann TG. The murine placenta 
as an immunological barrier between the mother and the 
fetus. Immunol Rev 1983;75:31. 

2. Sio JD. Allograft reactivity and progesterone involve- 
ment at the choriodecidual junction [Dissertation]. Dallas, 
Texas: University of Texas Health Sciences Center, 1985. 

3. Clark DA. Maternofetal relations: a mini review. Immunol 
Lett 1985;9:239. 

4. Daya S, Clark DA, Devlin C, Jarrell J. Preliminary char- 
acterization of two types of suppressor cells in the human 
uterus. Fertil Steril 1985;44:778. 

5. Palacios R. Mechanism of T cell activation: role and func- 
tional relationship of HLA-DR, antigens and interleukins. 
Immunol Rev 1982:63:73. 

6. Rosenstein M, Yron I, Kaufmann Y, Rosenberg SA. Lym- 
phokine-activated killer cells: lysis of fresh syngeneic nat- 
ural killer-resistant murine tumor cells by lymphocytes 
cultured in interleukin 2. Cancer Rev 1984;44:1946. 

. Forni G, Giovarelli M, Santoni A. Lymphokine-activated 
tumor inhibition in vivo. I. The local administration of 
interleukin 2 triggers nonreactive lymphocytes from tu- 
mor-bearing mice to inhibit tumor growth. J Immunol 
1985; 134:1305. 

8. Gregory CT, Atkinson ME. Large granular lymphocytes: 
early non-specific effector cells in allograft rejection in the 
mouse. Immunology 1984;53:257. 

9. Hayry P. Intragraft events in allopregnant destruction. 
Transplantation 1984;38:1. 

10. Pizza G, Severini G, Menniti D, deVinca C, Corrado F. 
Tumor regression after intralesional injection of interleu- 
kin 2 (IL-2) in bladder cancer: preliminary report. Int J 
Cancer 1984;34:359. 

11. Croy BA, Gambel P, Rossant J, Wegmann TG. Charac- 
terization of murine decidual natural killer (NK) cells and 
their relevance to the success of pregnancy. Cell Immunol 
1985;93:315. 

12. Daya S, Johnson PM, Clark DA. Mechanisms of activation 


~J 


A complete list of references will be furnished on request to the 
authors. 


Daya, Rosenthal, and Clark 


of suppressor cells in the endometrium of the human 
uterus. J Reprod Immunol 1986; 1(suppl):164. 

13. Clark DA, Chaput A, Walker C, Rosenthal KL. Active 
suppression of host versus graft reaction in pregnant 
mice. VI. Soluble suppressor activity obtained from de- 
cidua of allopregnant mice blocks the response to IL-2. 
J Immunol 1985;134:1659, 

14. Badet MT, Bell SC, Billington WD. Partial characteriza- 
tion of immunosuppressive factors from short-term cul- 
tures of murine decidual ussue. Ann Immunol (Paris) 
1983; 134:321. 


February 1987 
Am J Obstet Gynecol 


15. Hardt G, Roilinghoff M, Pfizenmaier K, Mosmann H, 
Wagner H. Lyt-23+ cyclophosphamide-sensitive T cells 
regulate the activity of an interleukin-2 inhibitor in vivo. 
J Exp Med 1981;154:262. 

16. Joshi SG. A progestagen-associated protein of the human 
endometrium: basic studies and potential clinical appli- 
cations. J Steroid Biochem 1983;19:751. 

17. Bell SC, Hales MW, Patel S, Kirwan PH, Drife JO. Protein 
synthesis and secretion by the human endometrium and 
decidua during early pregnancy. Br J Obstet Gynaecol 
1985;92:793. 





Fetal foot length as a predictor of gestational age 
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Ultrasonographic measurement of fetal foot length is useful in the assessment of gestational age. Two 
hundred twenty-three postpartum and 224 ultrasonographic measurements were performed between 11 
and 43 weeks’ gestation; 207 postpartum and 160 ultrasonographic measurements met our requirements 
of secure dates and no physical anomaly or maternal disease. Mean foot length at each week cf gestation 
compared favorably with Streeter's data, based on pathologic specimens, described in 1920. Comparison 
of curvilinear regression of foot length versus gestational age demonstrated a strong correlation with an R? 
value of 0.981; 95% confidence intervals at each week compared favorably with both biparietal diameter 
and femur length data. Fetal foot length is a reliable parameter for use in the assessment of gestational 
age and is particularly useful when other parameters do not accurately predict gestational age, for 
example, hydrocephalus, anencephaly, short limb dysplasia. (Am J Osstet GynecoL 1987;156:350-5.) 


Key words: Pregnancy, ultrasound, gestational age, foot length 


With the development of obstetrical ultrasound as an 
adjunct to antenatal assessment, many parameters!” 
have been studied in attempts to assess fetal gestational 
age. In 1920 Streeter* reported a series of 576 patho- 
logic specimens in which he correlated foot length to 
gestational age. Measurements were taken from the 
heel to the first or second toe. Many specimens were 
fixed with 10% formalin, which may cause tissue swell- 
ing. Usher and McLean’ in 1969 gave similar results 
with postpartum data measuring from the heel to the 
longest toe of normal neonates. There are no studies 
that have reviewed foot length and growth in anoma- 
lous infants, multiple gestation, or pregnancies with 
maternal medical complications. 

It was our intent to confirm Streeter’s and Usher and 
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McLean’s data with postnatal foot length measure- 
ments. We planned ta compare antenatal ultrasono- 
graphic measurements with our postpartum findings 
and develop a nomogram for ultrasonographic foot 
length as a predictor of gestational age. Finally, we 
hoped to demonstrate the usefulness of foot length 
measurement in special clinical cases such as multiple 
gestation, infants of diabetic mothers, the anencephalic 
fetus, and the fetus with short limb dysplasia. 


Materlal and methods 


A single observer performed 223 postpartum mea- 
surements of right heel to first toe within 4 days of deliv- 
ery. Measurements were performed with a right-angled 
ruler calibrated in millimeters. Measurements were 
made without previous knowledge of gestational age. 
Inclusion requirements were normal pregnancy with 
neonatal weight appropriate to gestational age? and no 
physical anomaly. Repeat measurements were per- 
formed on 20 infants within 2 days of initial assessment. 

Two hundred twenty-four ultrasonographic mea- 
surements were performed with use of the Siemens and 
General Electric real-time scanners with a 3.5 mHz lin- 
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Fig. 1. Ultrasonographic views of fetal foot. A, Plantar view with markers at heel and great toe. B, 


Longitudinal view of foot. 
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Fig. 2. Scatter plots of ultrasonographic foot lsat versus gestational age (A) and gestational age 


versus foot length (B). 
based on curvilinear regressions. 


ear-array transducer. Caliper measurements were doc- 
umented with a Polaroid camera. Both plantar and lon- 
gitudinal views of the foot were taken when possible 
(Fig. 1). Requirements for measurement were singleton 


< gestation with secure dates and no identifiable anomaly 
> oF intercurrent medical illness. Ultrasonographic mea- 
z -surements were performed on 16 infants of diabetic 
ee - mothers, eight pairs of twins, and two anencephalic 


fetuses. Ultrasound correlation to postnatal foot length 





Lines demarcate 5% and 95% confidence intervals as well as predicted value 


was assessed with follow-up postpartum measurement >. 
of nine infants delivering within 3 days of ultrasono- _ 
graphic assessment. | i 

Mathematical evaluation of the relationship between ; 
foot length and gestational age was performed with use n 


of the linear regression model and curvilinear regres- ere 
sion models based on exponential, logarithmic, powe 







and polynomial fits. The variation in foot length at each 


week of gestation was evaluated by a comparison ao 











able I. ( oa of mean postpartum and 
ltrasonographic foot length with Streeter’s 

S data (1920) 
a Postpartum 


foot length 
(mm) 






Ultrasonographic 
foot length (mm) 











27 53 54 52 
28 55 58 

29 57 57 57 
30 59 6I 60 
31 61 62 60 
32 63 63 66 
33 65 67 68 
34 68 68 71 
35 71 7i 72 
36 74 74 74 
37 77 75 78 
38 79 78 78 
39 8] 78 80 
40 83 82 81 
4] 82 
42 82 
43 84 





deviation of observed foot length from predicted values 

based on the most accurate mathematical model. At 

each week of gestation 95% confidence intervals were 

<. Calculated based on + 2 standard deviations from pre- 

— dicted foot length after statistical removal of systemic 

= variation. This process was repeated for gestational age 
g variation as a function of foot length. 

-Ultrasonographic foot length measurements of the 

twins, infants of diabetic mothers, and anencephalic 

fetu es 1 were applied to the predictive curve to deter- 

‘mine the reliability of foot length measurements in 
7 Pregnancies with complicating factors. 









-Results 


Twò hundred seven of 223 neonates met our inclu- 
sion requirements. The mean foot length at each week 
of gestation was compared with Streeter’s data (Ta- 
ble I). Comparison. of 20 serial postpartum measure- 
ment pairs. revealed similar means and standard devia- 
‘tions, with an average deviation of only 1.7% between 
ieasurements (Table 11). Paired t test evaluation of the 


















two data sets at a 95% confidence level 
significant differences, with a beta i error 








Requirements for ultrasonographic SSESSII ent | ores a 
the determination of the predictive curve were met. by oe o 
196 patients; 36 patients did not have adequate doči ai 
umenting photographs and were excluded from fur- o 
ther assessment. Measurement initially required up to : at 
7 minutes to identify both poles of the foot. With ex- a D 
perience, most feet could be reproducibly measured ~ 








within 1 minute of scanning time. Difficulty was en- 
countered in patients with oligohydramnios and foot- 
ling breech presentations, since the foot image was in- 
distinct when compared with the surrounding pelvic 
soft tissues. Comparison of plantar and longitudinal 
views revealed similar foot length measurements with 
insignificant measurement difference between ultra- 
sonographers. Paired é test analysis was applied to nine 
pairs of postpartum measurements following initial ul- 
trasonographic assessment. No significant difference 
was found at a 95% confidence level with a beta error 
of <1% (Table Il, B). 

Scatter plots of foot length versus gestational age and 
subsequently gestation age versus foot length were cre- 
ated (Fig. 2). As with postpartum measurements, mean 
ultrasonographic foot length at each week of gestation 
compared very closely to Streeter’s data (Table I). 

Curvilinear regression with use of the polynomial 
model demonstrated the best fit to the foot length 
data. These equations were obtained: (1) Foot length 
(mm) = 0.02728 wk? + 4.4045 wk — 36.74, R = 
0.981. (2) Gestation (wk) = 7.745 x 10-4 mm? + 
0.3004 mm + 9.397, R? = 0.977. 

Residual values from predicted measurements based 
on equations I and 2 were calculated. Systemic variation 
was noted to increase with gestational age and foot 
length, respectively (Fig. 3, A). This variation was re- 
moved by using a transformation in which the residual 
was expressed as a percentage of the predicted value® 
(Fig. 3, B). Standard deviations were calculated for the 
transformed data. The mean deviation + 2 SD of the 
transformed residuals were — 0.37 mm + 11.0% for 
foot length versus gestational age and 0.07 weeks + 
7.97% for gestational age versus foot length. 

Foot length measurements at a gestation of <12 
weeks were significantly different from the predicted 
values with deviations of >30% at 10 and 11 weeks. 
These values were not included in further evaluation. 
Based on the regression equations and transformed 
residual plots, foot length growth and dating curves 
with 95% confidence interval were derived (Fig. 2, 
Table IH). ae eee 7 

Foot length measurements s from the infants of dia- 








fell within he 95% co confidenc ice im 
curve ( Fig. 4). oe Tae, 
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Fig. 3. A, Residual plot; B, percentage residual plot of fetal foot length versus: gestational age. 
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Table ir. Comparison of (1) serial postpartum measurements by single observer within 2 days of initial 
assessment and (2) postnatal measurenients of patients'‘who were delivered within 3 days of delivery 


| Serial postpartum measurements (n = 20)* 
| tae | ene: | en | 


Mean. 3 81.2 
Standard deviation l 3.30 


*Average deviation 1.4 min (1.72%). 
tAvėrage deviation 1.2 mm (1.58%). 


Case studies 

Case 1. This patient presented at 30 weeks’ gestation 
with a fundal height that was. small for dates. Ultra- 
sound assessment demonstrated a biparietal diameter 
of 78. mm, which was appropriate for gestational age. 
However, the femur length of 49 mm was appropriate 
to only 26 weeks’ gestation. Foot length measurement 
of 60 mm confirmed biparietal diameter of gestational 


Measurements of patients (n = 9)f 


Postnatal 
81.1 73.0 73.7 
3.44 851 8.04 


age estimation and suggested a presumptive diagnosis 
of short limb dysplasia. Serial measurements showed 
progressive delay of long bone growth. The diagnosis 
of osteogenesis imperfecta was confirmed at birth. 
Casé 2, The patient was scanned for estimation of 
gestational age. Biparietal diameter was appropriate for 
20 weeks as was the foot length of $3 mm. However, 
humerus and femur lengths (10 mm) were appropriate 
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Table III. Foot length growth and gannig i curves based on ‘stave So +2 SD 


Gestational 
week 


` Foot Length (mm) 


18 


22 26 


‘Gestation (wks) 


30 


34 





38 
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Fig. 4. Fit of twins (X), infants of diabetic mothers (@), and anencephalic fetuses (A) to regression 


CUINE: 


Growth curve of foot length 


Lower limit 
( i 


Predicted value 





3 
14 


Dating curve of gestational age 


11.5 
12.1 
12.7 
13.3 
13.9 
14.5 
15.1 
15.7 
16.3 
16.9 
17.6 
18.2 


18.9 > 


19.5 
20.2 
20.8 


12.5 
13.1 
13.8 
14.4 
15.1 
15.7 
16.4 
17.1 
17.7 
18.4 
19.1 
19.8 
20.5 


21.2 


21.9 
29.7 
23.4 
24.1 
24.9 
25.6 
26.4 
27.1 
27.9 
28.4 
29.4 
30.2 
31 

31.8 
32.6 
33.4 
34.2 
35 


| _ Upper limit For oot t length Lower ~ a value Upper limit 
1 mm) í no (wk) (wk) 


13.5 
14.2 
14.9 
15.5 
16.3 
17 

17.7 
18.4 
19.1 
19.9 
20.6 
21.4 
29.1 
29.9 
23.7 
24.5 
25.2 
26 

26.8 
27.6 
28.4 
29,3 
30.1 
30.9 
31.8 
32.6 
33.5 
34.3 
35.2 
36.1 
36.9 
37.8 
38.7 
39.6 
40.5 
41.4 
42.4 
43.3 
44.2 
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Table IV. Comparison of 95% confidence intervals for various growth parameters with foot length 















Gestational 
week 





20 + 1.6 2.1 
30 +24 3.1 
40 +3.2 4.0 


for only 13 weeks, suggesting a severe short limb dys- 
plasia. Abortion revealed a fetus diagnosed as having 
osteogenesis imperfecta lethalis. 


Comment 


Mean foot length from both postpartum and ultra- 
sound groups followed closely Streeter’s predictive 
curve for foot length versus gestational age. There is 
minimal intraobserver and interobserver variation in 
both groups of observations. 

Tre polynomial regression curves give the best fit to 
our ultrasound data with R°? values of 0.98; 95% con- 
fidence intervals based on 2 SD from the predicted 
values (Table III) are + 1.6 and +2.4 weeks at 20 and 
30 weeks, respectively. These values compare favorably 
with both biparietal diameter and femur lengths at sim- 
ilar gestations (Table IV}. Fetal foot length measure- 
ment is a reliable estimator of gestational age between 
12 and 40 weeks in normal pregnancies as well as those 
complicated by diabetes, multiple gestation, anenceph- 
aly, and short limb dysplasia. 

Ultrasonographic foot length measurement should 
be undertaken when other parameters do not accu- 
rately predict gestational age as well as when abnor- 
mality of long bone length or biparietal diameter is 
suspected. In cases of preterm labor, in which assess- 
ment of several growth parameters helps to better ap- 
proximate gestational age more accurately, the addition 


Femur length Bipanetal 
diameter— 
Sabbagha et al.” 
2.2 L7 
2 2.5 


2,2 — 


of fetal foot length measurement may aid in crucial 
management decisions. 


We respectfully acknowledge Ms. S. Gaudette, Mrs. 
J. Wotherspoon, and Ms. K. McAuliff for help in the 
preparation of this paper. 
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The effect of hydralazine on placental perfusion in the 


spontaneously hypertensive rat 
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Intravenous hydralazine was administered to 16 spontaneously hypertensive rats on day 21 of gestation. 
The radioactive labeled microsphere technique was used to assess the change in organ perfusion 
produced by the drug. Vascular resistance to most organs was decreased, except to the placentas, 
stomach, and cecum, where it increased by 43%, 104%, and 44%, respectively. Blood flow to the organs 
was redistributed, and although it was increased to the lungs, kidneys, liver, and adrenals, it was 
significantly reduced to the spleen, stomach, placentas, cecum, large intestine, and pancreas. The effect of 
hydralazine on placental perfusion was opposite to the effect on the uterus (myometrium). Patients with 
the highest blood pressures tend to have the poorest placental perfusion. Intravenous hydralazine should 
be used cautiously in these patients. (Am J OBsTET GYNECOL 1987;156:356-9.) 


Key words: Hydralazine, placental perfusion, hypertension 


Pregnancy-induced hypertension is associated with 
increased vascular resistance and decreased uteropla- 
cental blood flow,’’* which may in turn lead to perinatal 
morbidity and mortality. When drugs are used to treat 
hypertension in pregnancy, it thus becomes important 
to know the effect of the drug on placenta! perfusion. 
The effect of antihypertensive drugs on uteroplacental 
blood flow has remained controversial because of the 
lack of appropriate animal models of hypertension dur- 
ing pregnancy and the availability of suitable tech- 
niques to measure placental perfusion. The use of uter- 
ine artery flow probes to assess placental perfusion in 
the sheep model appears inappropriate as a drug may 
produce an increase in myometrial perfusion and a 
simultaneous decrease in placental perfusion.” * 

The genetically spontaneously hypertensive rat is re- 
garded as a good model of human essential hyperten- 
sion. However, during the latter part of pregnancy, the 
blood pressure decreases dramatically.” ê We have re- 
cently demonstrated that carbohydrate supplementa- 
tion (10% sucrose in the drinking water) could prevent 
the normal fall in blood pressure during the last week 
of gestation, thereby producing a model of essential 
hypertension during pregnancy.° By the use of the ra- 
dioactive labeled microsphere method to assess the dis- 
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tribution of cardiac output and perfusion of various 
organs, it is possible to distinguish between placental 
and myometrial perfusion.“ 

The number of drugs available to treat hypertensive 
disorders in pregnancy has greatly increased during 
the last few years. The model and technology now exist 
to test the effect of drugs on placental perfusion and 
to select drugs for human application on a more ratio- 
nal basis. This report describes the effect of hydralazine 
on placental perfusion in 16 spontaneously hyperten- 
sive rats during pregnancy. 


Material and methods 


Sixteen spontaneously hypertensive rats with timed 
pregnancies were obtained from Taconic Farms, Inc., 
Germantown, New York, and were housed individually 
in stainless steel wire-bottom cages. The temperature 
of the room was maintained at 22° C with the lights on 
from 6:00 Am to 6:00 PM. The animals were fed, as 
desired, a test diet (Teklad Mills, Madison, Wisconsin) 
providing the optimum daily amounts of macro- and 
micro-nutrients for the pregnant rats. They were pro- 
vided unlimited access to tap water, and from day 5 to 
day 21, they were given 10% sucrose in tap water to 
drink. 

On day 21 of gestation, the animals were anesthetized 
with ether, and polyethylene catheters were inserted 
into the left ventricle of the heart via the right carotid 
artery and into the femoral artery as previously de- 
tailed.* The animals were then placed in a plastic re- 
strainer cage and allowed to recover for 3 hours. The 
femoral arterial catheter was connected to a Statham 
P23Gb pressure transducer and arterial pressure was 
recorded on a Gould 2200S recorder. Cardiac output 
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Table I. Cardiovascular measurements before and after drug administration 


Determination | Before drug | After drug | Mean difference | drug After drug Mean difference p Value 


Mean blood pressure (mm Hg) 116.25 + 2.95 80.31 + 3.45 — 35.94 + 3.38 <0.001 
Heart rate (bpm) 475.75 + 5.41 491.20 + 5.67 16.53 + 6.99 0.033 
Cardiac output (ml/min/190 gm) 960.16. 1.37 42.08 + 2.01 5.93 + 2.30 0.02 

Total peripheral resistance (mm Hg/ml/min/100 gm) 197.02 + 8.77 119.81 + 9.20 -77.72 + 10.88 <0.001 


Values are means + SEM. 


and organ blood flow were then determined in the 
awake rats by the reference sample microsphere tech- 
nique. A suspension of approximately 100,000 micro- 
spheres labeled with either gadolinium 153 or tn 
113 (New England Nuclear, Boston, Massachusetts), 
15 + 3 um in diameter, were sealed in a 15 cm seg- 
ment of silicone rubber tubing. The microspheres 
were suspended in physiologic saline solution with 
Tween-80 (0.01%) added to prevent aggregation. The 
micrasphere-containing catheter was wound around a 
wooden dowel rod to a height of 1.5 cm, placed in a 
gamma counting vial, and counted in a Model 1185 
gamma well counter (Nuclear-Chicago, Des Plaines, Il- 
linois) at the appropriate photopeak for the isotope 
used. After counting, the ends of the catheter were 
clipped and one end was attached to the left ventricular 
catheter while the other was attached to a syringe con- 
taining 0.5 ml of saline solution. The femoral reference 
blood sample collection was initiated at the rate of 0.5 
ml/min, and after verification that it was withdrawing 
smoothly, the microspheres were flushed into the left 
ventricle with the 0.5 ml of saline solution during a 
period of 20 seconds. Collection of the arterial refer- 
ence sample was continued for | minute after the end 
of the microsphere injection to ensure that all micro- 
spheres in transit in the arterial blood were collected. 
The arterial reference blood sample and syringe wash- 
ings were transferred to a plastic gamma counting tube. 
The femoral catheter was flushed with saline solution 
and reattached to the pressure transducer, and heart 
rate and arterial blood pressure were recorded again. 

The rats were then infused with hydralazine (25 jg/ 
kg/min) via the left ventricle until mean arterial blood 
pressure decreased by 30 to 40 mm Hg (10 to 45 min- 
utes). Upon completion of the infusion, the alternate 
set of microspheres was injected and a second arterial 
reference sample drawn. Each animal was then killed 
with an overdose of pentobarbital sodium. The entire 
length of veniricular catheter and silicone rubber tub- 
ing was wound around the dowel rod again to a height 
of 1.5 cm, inserted into the gamma counting tube, and 
recounted in the gamma well counter. The counts per 
minute for the calculation of cardiac output was de- 
termined as the difference between the counts per min- 
ute of the microsphere catheter before injection and 


the counts per minute of the entire catheter after in- 
jection. 

After the rat was weighed, the uterus was removed 
and the fetuses and placentas were carefully detached 
from the uterine wall. The fetuses and placentas were 
separated from the amniotic fluid and membranes, 
gently blotted dry, and weighed separately; the placen- 
tas were placed in gamma counting tubes, three to four 
placentas per tube. The uterus was separated into right 
and left horns and placed in separate gamma counting 
tubes. The other organs and tissues were also placed 
in counting tubes to ensure that the levels of all tissues 
were kept below 1.5 cm to avoid loss of counting eff- 
ciency. The tissues and the arterial reference were 
counted in the gamma well counter, and the cardiac 
output and organ distribution of cardiac output were 
calculated as previously described." 

The statistical tests used were the Student ¢ test for 
between-group comparisons and the paired ¢ test to 
assess changes within the same groups. 


Results 


Total peripheral resistance decreased by 39%, re- 
sulting in a 36 mm Hg (31%) decrease in mean blood 
pressure (Table I). Heart rate increased by 4% and > 
cardiac output increased by 16%. 

Hydralazine significantly decreased vascular resis- 
tance to most organs with the exception of the placen- 
tas, stomach, and cecum, where it increased by 43%, 
104%, and 44%, respectively (Table II). 

Blood flow to the organs was redistributed and, al- 
though it increased to some, it was significantly reduced 
to the spleen (64%), stomach (55%), placentas (44%), 
cecum (41%), large intestine (39%), and pancreas (33%) 
(Table I). Hydralazine produced opposite effects on 
the uterus (myometrum) and placentas. 

Rats with the higher blood pressures before drug 
administration had higher preplacental resistances 
(r = 0.64, p = 0.004) and tended to have lower pla- 
cental blood flows (r = —0.38, p = 0.07). Resistance 
and placental perfusion after drug administration cor- 
related significantly with the blood pressure before and 
after drug administration, and as the drug had a wors- 
ening effect on these parameters, the rats with the high- 
est blood pressures before drug administration tended 
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Table IJ. Resistance before and after drug administration 


Resistance (mm Hglml/min/100 gm) 


š Change p 
Heart 8.9 + 0.88 4.6 + 0.45 — 4,31 + 0.83 — 48.4 0.0001 
Lungs 95.6 + 14.54 29.4 + 5.67 —6§6.19 + 14.99 — 69.2 0.0005 
Kidneys 10.2 + 0.39 6.1 + 0.46 —4,12 + 0.70 — 40.4 0.0001 
Adrenals 15.9 + 1.13 7.8 + 0.86 —8.13 + 1.47 —51,] 0.0001 
Liver 2548.1 + 334.21 1328.9 + 288.28 — 1219.2 + 351.73 — 47.8 0.0035 
Spleen 61.1 + 10.66 168.8 + 66.66 107.75 + 68.56 176.4 0.137 
Pancreas 80.2 + 4.80 95.6 + 15.33 15.44 + 13.80 19.3 0.28] 
Stomach 34.8 + 2.86 70.8 + 16.11 36.06 + 15.32 103.6 0.033 
Small intestine 15.3 + 0.98 10.6 + 1.30 —4.75 + 1.21 — 31.0 0.0014 
Cecum 25.9 + 2.30 37.3 + 7.12 11.31 + 5.48 -43.7 0.057 
Large intestine 70.1 + 8.31 75.9 + 9.73 5.81 + 11.70 8.3 0.627 
Ovaries 10.2 + 1.06 7.4 + 0.92 —2.75 + 0.74 — 26.9 0.002 
Uterus 108.6 + 10.05 59.4 + 7.69 — 49.19 + 9,90 — 45.3 0.0002 
Placenta 42.7 + 3.70 61.1 + 9.31 18.44 + 7.27 43.2 0.023 


Values are means + SEM. 


Table III. Organ blood flow measurements 






Blood flow (ml/min/100 gm) 






Heart 863.85 + 62.14 1195.61 + 178.17 331.76 + 178.93 38.4 0.084 
Lungs 97.62 + 15.87 206.49 + 19.65 108.87 + 20.74 111.5 0.0001 
Kidneys 686.88 + 29.40 814.21 + 40.36 127.33 + 50.37 18.15 0.023 
Adrenals 464.86 + 29.39 677.82 + 47.25 212.97 + 49.87 45.8 0.0007 
Liver 3.33 + 0.36 6.38 + 1.09 3.05 + 1.08 91.6 0.013 
Spleen 163.45 + 21.34 59.38 + 8.73 — 104.07 + 23.25 — 63.7 0.0004 
Pancreas 90.74 + 4.71 61.03 + 5.22 — 29.71 + 4.75 — 32.7 0.0001 
Stomach 917.44 + 14.95 97.54 + 11.01 — 119.90 + 15.06 ~ 55.1 0.0001 
Small intestine 480.90 + 30.43 508.54 + 39.71 27.64 + 41.31 5.7 0.5] 
Cecum 295.96 + 22.63 175.30 + 19.73 — 120.65 + 18.56 — 40.8 0.0001 
Large intestine 115.93 + 9.88 76.59 + 7.57 —39.34 + 11.13 = 335.9 0.003 
Ovaries 831.10 + 104.09 766.26 + 73.37 — 64.85 + 61.36 — 7.8 0.31 
Uterus 71.83 + 6.64 112.93 + 27.77 41.10 + 22.60 57.2 0.089 
Placenta 174.59 + 9.72 98.22 + 9.58 — 76.37 + 11.10 ~ 43.7 0.0001 


Values are means + SEM. 


Table IV. Correlation coefficients of 
cardiovascular changes 






Correlation 
coefficient 
(r) 






Variables 


Pre BP—Pre flow —~ G38 0.07 

Pre BP—Pre resistance C:.64 ~ 0.004 
Pre BP—Post flow — 0.46 0.036 
Pre BP—Post resistance 6.52 9.902 

Pre fow—Pre resistance —C.89 <0.001 
Post BP—Post flow — 0.50 0.026 
Post BP—Post resistance C.67 0.002 
Post How—Post resistance — (1.89 <0.001 


Pre = Before drug administration; Post = after drug ad- 
ministration; BP = blood pressure. 


to end up with the lowest placental perfusion after drug 
administration (Table IV). 


Comment 


Hydralazine lowers systemic blood pressure through 
relaxation of vascular smooth muscle. Reflex tachycar- 


dia and increased cardiac output occur in response to 
the decrease in peripheral vascular resistance. Of clin- 
ical importance is the differential distribution of cardiac 
output to the regional vascular beds after administra- 
tion of hydralazine. Vascular resistance decreased and 
perfusion increased to organs such as the heart, lungs, 
kidneys, and liver. However, perfusion decreased to the 
spleen, pancreas, stomach, cecum, and large intestine. 
Although vascular resistance io the uterus decreased 
by 45%, preplacental resistance increased by 43% with 
a concomitant and highly significant decrease in pla- 
cental perfusion. 

Previous studies,” * with the use of a hypertensive 
sheep model with a flow probe on the uterine artery, 
described a 10% to 15% increase in uterine blood flow 
after administration of hydralazine. Lunell et al.’ de- 
termined uteroplacental blood flow in 12 hypertensive 
women before and after the administration of hydral- 
azine. To determine blood flow they injected indium 
In-99m and used a gamma camera connected to a com- 
puter. There was no significant change in uteroplacen- 
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tal blood flow or in uteroplacental vascular resistance. 
In both the sheep and human studies described above, 
placental perfusion could not be distinguished from 
myometrial blood flow. Unless myometrial and placen- 
tal perfusion is independently measured, it is not pos- 
sible to determine the effect of a drug on placental 
perfusion per se. 

Our study confirms that vascular resistance and pla- 
cental perfusion are correlated with the degree of hy- 
pertension (Table IV) and that, after administration of 
hydralazine, the lowest placental perfusion may occur 
in the women with the highest blood pressures. In pa- 
tients with severe pregnancy-induced hypertension, 
those who received hydralazine had a significantly 
higher incidence of fetal distress than those who did 
not receive the drug." 

The spontaneously hypertensive rat has not previ- 
ously been considered as an appropriate model for hy- 


pertension during pregnancy as the blood pressure falls _ 


progressively during the last week of gestation until it 
is in the normotensive range by term. The sympathetic 
nervous system of the spontaneously hypertensive rat 
(but not the WKY rat) is sensitive to carbohydrate 
intake.° Fasting suppresses sympathetic activity, result- 
ing in a fall in blood pressure," while carbohydrate 
overfeeding stimulates sympathetic nervous activity, 
thereby causing an increase in blood pressure. These 
effects are thought to be mediated through control cen- 
ters in the veniromedial hypothalamus.” We have re- 
cently shown that sympathetic nervous stimulation with 
dietary carboydrate supplementation maintains hyper- 
tension until parturition in the pregnant spontaneously 
hypertensive rat. This appears to be a useful experi- 
mental model of essential hypertension in pregnancy 
in which to evaluate the effects of antihypertensive 
drugs on placental perfusion. 
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Fetal oxygen extraction: Comparison of the human and sheep 


D. Rurak, D.Phil., P. Seike, M.D., M. Fisher, M.D., S. Taylor, A.H.T., and 


B. Wittmann, M.D. 
Vancouver, British Columbia, Canada 


To estimate fetal oxygen extraction in the human, the inverse, linear relationship between umbilica! arterial 
Po, and oxygen extraction was calculated from measurements made on cord biood samples obtained after 
vaginal (n = 12) and cesarean (n = 15) delivery and used to predict oxygen extraction in utero. 
Comparisons with similar data from fetal lambs in utero and during labor and delivery indicate that 
extraction in the human and sheep fetus is 47% and 27%, respectively, at Pap, = 20 mm Hg. For the 
human fetus to have extraction similar to that in the fetal lamb, vascular Po, would hava to be substantially 
higher. This would lead to a higher umbilical venous oxygen content in the human, compensating for the 
lower umbilical blood flow and yielding a rate of oxygen delivery comparable with that observed in the fetal 
sheep. These data indicate that there may be significant quantitative differences in the fetal oxygen 
delivery systems in the human and sheep. (Am J Osstet GYNECOL 1987;156:360-6.) 


Key words: Fetal oxygen extraction, fetal PO., human fetus 


Fetal oxygen extraction is the ratio between fetal oxy- 
gen consumption and oxygen delivery; it can also be 
calculated as the difference between umbilical venous 
(Cvo,) and arterial (Cap,) blood oxygen, contents di- 
vided by umbilical venous oxygen content. In the fetal 
lamb, oxygen delivery is high, relative to oxygen con- 
sumption, and hence extraction is low, normally ap- 
proximately 30%. When oxygen delivery falls, oxygen 
consumption can be maintained via an increase in Oxy- 
gen extraction to approximately 60%.' Hence the high 
oxygen delivery and low extraction serve as an impor- 
tant reserve mechanism to compensate for reductions 
in fetal oxygen delivery. In the human fetus, umbilical 
blood flow is reported to be lower than in the fetal 
sheep, and it has been suggested that this is in part 
because of the higher hematocrit in the human fe- 
tus.* * However, fetal oxygen consumption appears to 
be similar in the two species. This could require a 
higher level of oxygen extraction by the human fetus. 
Although determination of oxygen extraction in the 
human fetus in utero would be possible by using per- 
cutaneous blood sampling techniques, it is technically 
easier and ethically more acceptable to estimate oxygen 
extraction at delivery from measurements of oxygen 
content in paired cord arterial and venous blood sam- 
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ples.* In the present study, measurements of fetal oxy- 
gen extraction in the human fetus obtained in this man- 
ner are compared to values cbtained from chronically 
instrumented fecal lambs in utero, after exteriorization 
by uterotomy ard during vaginal delivery. 


Material and methods 


Human studies. Data from 28 human fetuses from 
27 women were used in the study. Twelve fetuses were 
delivered vaginally and 16 bv cesarean section. In the 
one twin pregnancy, twin A was delivered vaginally and 
twin B was delivered by cesarean section. Details of the 
pregnancies are given in Table I. In the patients un- 
dergoing elective cesarean section, the indications for 
cesarean section were a previous cesarean section in 10 
cases, pregnancv-induced hypertension and intrauter- 
ine growth retardation in one case, and a previous in- 
fant affected by herpes in one case. The four emer- 
gency cesarean sections were performed for (1) delivery 
of a second breech twin, (2) uterine rupture after a trial 
of labor in a patient with a previous cesarean section, 
(3) chorioamnionitis and fetal distress, and (4) failure 
of labor to progress. All women undergoing cesarean 
section with epidural anesthesia received 10 L/min of 
oxygen by face mask, leading to an inspired oxygen 
concentration of ~40%. Onlv one infant with acidosis 
was delivered (pHa = 7.160), and this was in the vag- 
inal delivery group. Postnatal outcome in all infants was 
normal. 

At delivery, paried arterial venous blood samples (0.8 
to 3.0 ml) were cbtained from. a double-clamped length 
of umbilical cord. The sampies were collected in iced, 
heparinized syringes and stored capped in ice until 
blood gas analysis was performed, within 10 to 40 min- 
utes of the time of collection. 
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Table I. Details cf human pregnancies in which fetal oxygen extraction was measured 


Vaginal delivery 


Cesarean section 


n 12 16 
Length of gestation (wk) 38.9 + 0.5 37.9 + 0.6 
Birth weight (gm) 3459 + 165 3228 + 180 
Delivery 8 Spontaneous vaginal delivery 12 Elective 

3 Forceps 4 Emergency 

I Ventouse 
Anesthesia 6 None 12 Epidural 

5 Epidural 4 General 

l Pudendal 


Animal studies 

Chrenically catheterized fetuses in utero. Data from 27 
chronically instrumented fetal lambs were used in the 
present study. The surgical and monitoring procedures 
have been described previously.® Briefly, operation was 
done at 115 to 130 days’ gestation (term ~145 days) 
with the sheep under halothane anesthesia. Silicone 
rubber catheters were implanted in a fetal femoral ar- 
tery, common umbilical vein, lateral tarsal vein, trachea, 
amniotic cavity, and, in some cases, a maternal femoral 
artery and jugular or femoral vein. Three groups of 
fetuses were studied. 

NORMOXEMIC FETAL LAMBS (n = 10), These animals 
were used in a study of the effects of vasopressin on 
fetal oxygenation.’ The blood gas data from the control 
period of these experiments are used as representative 
values from well-oxygenated fetal lambs. 

HyYPOXEMIG FETAL LAMBS (n = 12). Twelve fetuses 
were in this group. Six had arterial Po, values consis- 
tently <15 mm Hg for the entire duration of study, 
and six had Pao, values >15 mm Hg; the mean Po, 
level for the entire group was 15.3 + 0.6 mm Hg. In 
both groups fetal blood gases and oxygen consumption 
were measured before, during, and after a 60-minute 
period of 50% oxygen administration to the ewe. Some 
of the results from this study have been presented in 
abstract form.’ In the present study, the data on Pao, 
and oxygen extraction were used to examine the re- 
lationship between the two variables by means of 
regression analysis. 

FETAL LAMBS DURING LABOR AND DELIVERY (n = 5). 
These animals were monitored continuously before 
and during spontaneous labor and vaginal delivery. 
The total monitoring time during labor ranged from 
ll to 17.5 hours (mean = 13.9 + 1.3). Measurements 
of blood gases, umbilical blood flow, and oxygen con- 
sumption were made every 2 hours until the last 2 to 


3 hours of labor when the average sampling frequency 


was approximately 15 minutes. All of the fetuses were 
born alive, but one severely acidemic lamb died after 
several hours. Three sets of blood gas and oxygen ex- 
traction data from these preparations are presented in 
this report. Prelabor samples were collected the day 


before the onset of labor; early labor samples were 
obtained when increased uterine activity was first noted 
(13.9 + 1.3 hours before delivery; and late labor sam- 
ples were collected 4.2 + 1.0 minutes before delivery, 
when the fetal head was in the vagina. 

Exteriorized fetal lambs. Four exteriorized fetuses were 
studied at 130 to 140 days’ gestation. They were used 
to compare umbilical blood flow estimates made with 
an electromagnetic flowmeter on the common umbilical 
artery with the steady-state antipyrine diffusion tech- 
nique. These results were reported previously; how- 
ever, the blood gas data from these animals were not 
reported. The fetuses were delivered with the ewes 
under pentobarbital sodium anesthesia with care taken 
to minimize disturbance of the umbilical circulation and 
were kept adjacent to the ewe on a heated table. Ob- 
servations were made for a period of 3 to 5 hours. 

Measurement techniques. Blood gas values and pH 
were measured with an I micro 13 blood gas analyzer 
(Instrumentation Laboratory, Lexington, Massachus- 
setts). The measurements were made at 39° C for the 
sheep samples and at 37° C for the human samples. 
Blood oxygen content was measured with a LexO, 
Con-K oxygen analyzer (Lexington Instruments, Wal- 
tham, Massachussetts). Fetal oxygen extraction was cal- 
culated as umbilical venous minus arterial oxygen con- 
tent divided by umbilical venous content. 

Differences in the measured variables among the var- 
ious study groups were tested for statistical significance 
by use of the unpaired t test. Linear regression analysis, 
by the least-squares method, and significance tests for 
differences in slopes and y intercepts between different 
regression equations were done as described by Zar.® 
Values are presented as mean + SE. 


Results 


Table II gives the mean values for umbilical arterial 
and venous blood gases and for fetal oxygen extraction 
for five groups of results: human fetuses delivered by 
cesarean section and vaginally, fetal lambs in utero, 
exteriorized fetal lambs, and fetal lambs during labor 
and delivery, with the latter group composed of pre- 
labor, early labor, and late labor results. For the human 
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Table II. Umbilical cord arterial and venous blood gas values, base excess, packed cell volume, oxygen content, 
venous-arterial oxygen difference, and oxygen extraction in humans and sheep 


Po, PCo; 
(mm Hg) -~ (mm Hg) 





Human C/S Artery 16.2 + 1.3 O15 id 7.324 + 0.012 
Vein 29.7 + 2.3 40.7 + 4.0 7.372 + 0.011 
Human V/D 12 Artery 16:3 215 48.1 + 1.5 7.277 + 0.014* 
Vein yA i oe oe 36.8 + 0.6 7.344 + 0.011* 
Sheep I/U 10 Artery 20.0 + 1.0f 49.2 + 0.8 7.414 + 0.0057 
Vein 29.9 + 1.9 43.6 + 0.9 7.432 + 0.0077 
Sheep ext. 4 Artery 21.1 + 1.8 52.8 + 2.2 7.275 + 0.0874 
Vein 325.232 44.2 + 2.5 7.313 + 0.0814 
Sheep V/D 5 
Before Artery 17.8 + 1.5 48.2 + 1.5 7.398 + 0.039 
Vein 25.8 + 2.0 42.6 + 1.2 7.407 + 0.050 
Early Artery 15.6 + 1.5 46.7 + 1.9 7.376 + 0.052 
Vein 26.2 + 3.0 40.4 + 1.6 7.408 + 0.058 
Late Artery 13.0 + 0.8ł 53.1 + 4.2 7.250 + 0.0864 
Vein 25.4 + 2.9 43.9 + 2.4 7.290 + 0.0774 


Human C/S, Humans delivered by cesarean section; human V/D, humans delivered vaginally; sheep I/U, fetal lambs in utero; 
sheep ext., exteriorized fetal lambs; sheep V/D, fetal lambs during labor and vaginal delivery. 


*p < 0.05 for difference from “Human C/S” value. 
tp < 0.05 for difference from pooled “Human” values. 
tp < 0.05 for difference from “Sheep I/U” value. 


Table III. Linear regression analysis of relationship between fetal oxygen extraction and arterial Po, and 
pH in human fetuses at — fetal lambs in utero, and fetal lambs E labor and a 


Humans” 91.0ł — 2.24 + 0.38 <0.001 — 
Sheep in utero* 19 57.3 — 1.47 + 0.18 <0.001 
Sheep in labor 50 91.5 — 3.27 + 0.49f <0.001 53.2 + + 5.7 <.00 


*Equation: oxygen extraction = a + b; (Pao). 
tp < 0.001 for difference from sheep in utero value. 
Equation: oxygen extraction = a + b, (Pao,). 


data, umbilical arterial and venous pH and base excess 
were significantly lower after vaginal delivery than after 
cesarean section, but there were no other differences 
between the two sets of human results. In both groups, 
there was a wide variation in vascular Po, and oxygen 
content; for Pao,, the values ranged from 5.9 to 24.0 
mm Hg for the vaginal delivery group and from 7.7 to 
26.1 mm Hg for the cesarean section group. A similar 
wide range was observed for Cao, and for umbilical 
venous oxygen levels. 

For comparison with the sheep data, the human vag- 
inal delivery and cesarean section results were pooled. 
Pao,, PH, base excess, and umbilical arterial oxygen 
content in the human were lower compared with the 
values obtained from normoxemic fetal lambs in utero. 
PcoO, and umbilical venous Po, and oxygen contents 
were not different between the human and antenatal 
sheep data, whereas hematocrit, the umbilical venous- 
arterial oxygen difference (Cvo, — Cao,), and oxygen 
extraction were significantly higher in the human fetus. 


However, with exteriorization of the fetal lamb and 
during labor and delivery there was a deterioration in 
fetal blood gas status. With the exteriorized lambs, pH 
and base excess were significantly lower than with the 
fetuses in utero, whereas during labor there were pro- 
gressive and significant falls in Pao., pH, base excess, 
Cao, and Cvo,. In both the exteriorized fetuses and 
the lambs at delivery, the umbilical venous-arterial oxy- 
gen difference and oxygen extraction were significantly 
greater than for the fetuses in utero but were not sig- 
nificantly different from the pooled human value. 
Fig. 1 illustrates the relationship between Pao, and 
fetal oxygen extraction in hypoxemic fetal lambs be- 
fore, during, and after administration of a 50% oxygen 
mixture to the mother. There was a significant, linear 
relationship between these two variables (r = 0.746; 
p < 0.001). Similar plots are given in Figs. 2 and 3 for 
the human data and for the results obtained from fetal 
lambs in labor. For both sezs of data, there was a sig- 
nificant relationship between Pao, and oxygen extrac- 
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Packed cell 
volume (%) 






Base excess mEq/L 


—0.8 + 0.5 45.5 + 1.4 5.6 + 0.6 
12.5 + 0. 
-5,2 + 0.7% 46.9 + 1.4 5.9 + 0 
12.1 0: 
+5.5 + 0.67 37.3 + 0.84 7.9 +0 
11.3 + 0. 
—2.6 + 5.84 42.9 + 2.5 TLI 1 
12.6 + 1 
+4.1 + 3.0 39.7 + 3.0 7.7 = 0. 
1l.1+0 
+1.5 + 3.] 39.8 + 3.3 5.6 + 2. 
10.5 + 0. 
—4.3 + 4.64 36.8 + 3.7 36+ 0. 
8.8 + 1. 


tion; r values for the human and sheep were 0.768 and 
0.867. For the fetal lambs in labor there was also a 
significant relationship between arterial pH and oxygen 
extraction, and the marked variability in oxygen ex- 
traction at Pao, between 8 and 16 mm Hg illustrated 
in Fig. 3 is in large part the result of variations in pHa 
(6.966 to 7.439) in the different fetuses at the end of 
labor. 

Table III lists the regression coefficients and y in- 
tercept values for the regression equations calculated 
for the human and sheep data illustrated in Figs. 1 to 
3. In the comparison of the pooled human results with 
the data from fetal lambs in utero, there was no sig- 
nificant difference in the respective regression coeffi- 
cients, whereas the y-intercept value for the human 
(91.0) was significantly greater (p < 0.001) than the 
value in the sheep (57.3). For the fetal lambs in labor, 
the y-intercept value for Po, = 0, pH = 7.41 was 91.5, 
which was not different from the human value but was 
significantly higher than the value obtained from fetal 
lambs in utero. Moreover, the regression coefficient 
for Po, in the sheep labor group (— 3.27 + 0.49) was 
significantly higher than the coefficient from lambs 
in utero (— 1.47 + 0.18). The calculated regression 
equations for the three sets of data were used to predict 
fetal oxygen extraction at Pag, = 20, pHa = 7.41. The 
calculated value for the pooled human data was 47.0%. 
This was significantly higher (p < 0.001) than the ex- 
tractions of 27.3% and 25.8% calculated for the ante- 
natal and intrapartum sheep data. 


Comment 


The results of this study indicate that oxygen ex- 
traction in the human fetus is substantially higher than 
in the fetal lamb, at least if vascular Po, is similar in 
the two species. The comparison between the two spe- 
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Oxygen 
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(%) 


6.8 + 0.6 55.1 + 3.0 
6.1 + 0.7 51.9 + 5.1 
t 3.4 + 0.37 31.0 + 3.07 
4.9 + 0.2t 40.5 + 4.3% 
3.3 + 0.6 29.6 + 4.5 
48+ 0.8 46.2 + 6.6ł 
: 5,2 + 0.94 59.2 + 7.8] 


cies was carried out by examining the relationship be- 
tween umbilical arterial Po, and oxygen extraction and 
using the calculated regression equation to predict ex- 
traction in utero for Po, = 20 mm Hg. The linear, 
inverse relationship between the two variables does not 
indicate a direct causal relationship between the two 
variables. Rather it indicates that oxygen extraction and 
arterial PO, are altered in opposite directions by 
changes in either oxygen delivery or fetal oxygen con- 
sumption. For example, for a constant level of oxygen 
consumption, an increase in delivery would result in a 
fall in extraction and a rise in Po,.’ Conversely, a fall 
in delivery would lead to a rise in extraction and a 
decline in Po,.’ Similar reciprocal changes in the two 
variables would occur with alterations in fetal oxygen 
consumption when oxygen delivery is constant.® '° 
Mathematically, an inverse, linear relationship between 
oxygen extraction and Po, is to be expected for the 
following reasons. First, as stated in the introduction, 


Oxygen extraction = (Cvo, — Cao,)/Cvo,,. 
This can be rearranged to the form, 
Oxygen extraction = 1 — Cag,/Cvo, 


Second, with both the human and the sheep data, Cvo, 
and Cao, are significantly correlated. For example, with 
the human data, Cvgo, = 7.22 + 0.88 Cao, (p < 0.001). 
Substituting this into the equation for extraction yields 


I — 0.017 Cao, 


Oxygen extraction = I~ 0.12 Cao, 


This equation predicts an inverse relationship between 
the two variables, but it is not linear; instead, the 
negative slope decreases with increasing values of 
Cao,. However, over the normal range of Cao, (= ~ 8 
vol/100 ml), the relationship closely approximates a 
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Fig. 1. Relationship between umbilical arterial Po, (Pag,) and 
oxygen extraction in 13 fetal lambs before, during, and after 
administration of 50% oxygen to the mother. The line was 
fitted by regression analysis and conforms to the equation: 
oxygen extraction = 57.3 — 1.47 (Pao,). 


OXYGEN EXTRACTION (%) 





4 8 32 Lie) 20 24 28 32 


Pao2 (mm Hg) 


Fig. 2. Relationship between umbilical arterial PO, and oxygen 
extraction estimated in cord blood samples collected from 28 
human fetuses after vaginal delivery (n = 12) or cesarean sec- 
tion (n = 16). The line was fitted by regression analysis and 
conforms to the equation: oxygen extraction = 91.0 — 2.24 


(P aQ,). 
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Fig. 3. Relationship between umbilical arterial Po, and oxygen 
extraction in five fetal lambs during labor and delivery. The 
relationship is best described by the equation: oxygen extrac- 
tion = 91.5 — 3.27 (Pao, — 52.2(pHa). 


straight line (extraction = 0.93 — 0.071 Cao, r= 
0.993). Finally, over the physiologic range of fetal Po., 
there is a linear relationship between Po, and oxygen 
saturation''; hence one would expect an inverse, linear 
relationship between extraction and Pao,, as was found 
in the present study. 

There are clear differences in the conditions under 
which the measurements of human fetal oxygen ex- 
traction were obtained compared with those under 
which the antenatal data were collected from sheep. 
However, analysis of the information obtained from 
sheep during labor and delivery resulted in a predicted 
fetal oxygen extraction similar to that calculated from 
the data collected from lambs in utero (25.8% and 
27.3%, respectively, at Po. = 20 mm Hg). Hence the 
use of the regression analysis to predict human fetal 
oxygen extraction in utero from cord blood data ob- 
tained at delivery appears to be valid. 

There do net appear to te any published studies on 
human fetal oxygen extraction, although some reports 
give data on umbilical venous and arterial oxygen sat- 
uration or content that can be used to calculate ex- 
traction. Ramanathan et al’? studied women under- 
going elective cesarean section who were divided into 
four groups on the basis of the oxygen concentration 
administered, which ranged from 21% to 100%. From 
their data, a regression equation for the relationship 
between umbilical arterial Po, and fetal oxygen ex- 
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traction can be calculated. The regression coefficient 
(— 2.64) and y-intercept value (100.1) were similar to 
values obtained in the present study. In addition, the 
calculated extractions at Po, = 20 mm Hg are similar 
in the two studies (47.5 versus 47.0). 

Aside from the higher oxygen extraction noted in 
the human fetus, there were also a lower Po, and pH 
compared with those of fetal lambs in utero. These 
differences are likely due in part to the delivery process, 
inasmuch as similar changes were observed during la- 
bor in sheep. During vaginal delivery, fetal oxygen 
delivery could be impaired by reductions in uterine 
and umbilical blood flow during uterine contractions, 
whereas with cesarean section there could be impair- 
ment of maternal and fetal-placental blood flows by 
uterine manipulation or maternal aortic and caval 
compression, in turn leading to reductions in fetal 
oxygenation’. The umbilical venous-arterial difference 
in oxygen content is also higher in the human fetuses 
than in the fetal lambs in utero. Although this could 
be a consequence of a reduced umbiltcal blood flow 
during delivery, a venous-arterial oxygen difference of 
6 to 7 vol/100 mi is also consistent with the reported 
values for umbilical blood Aow (120 ml/min - kg)? and 
oxygen consumption (7.6 ml/min - kg)’ in the human 
fetus. 

Another finding in the present study is the wide vari- 
ation in umbilical arterial dnd venous Po, with both 
vaginal delivery and cesarean section. In vaginal deliv- 
ery, the variation may relate to differences in the du- 
ration or severity of labor. With cesarean section, it may 
be due more to variations in the uterine incision-to- 
delivery time interval, inasmuch as Datta et al.” re- 
ported a deterioration in fetal blood status during ce- 
sarean section when this interval was increased beyond 
3 minutes. In any event, the variation in cord blood 
Po, makes it difficult to predict normal vascular oxygen 
tension in the human fetus in utero. This is an impor- 
tant requirement in the present study, because the con- 
clusion that oxygen extraction is higher in the human 
fetus is based in part on the assumption that human 
fetal umbilical arterial Po, is similar to that observed in 
the fetal lamb (~20 mm Hg), yielding a value for ex- 
traction of ~47%. For extraction in the human to be 
30%, Pao, would have to be ~27 mm Hg. In physiologic 
terms, this means that for the human fetus to have a 
level of oxygen extraction comparable to that of the 
fetal lamb, umbilical venous Po; and oxygen saturation 
would have to be high enough to compensate for the 
lower rate of umbilical blood flow in the human and 
hence yielc a value for oxygen delivery similar to that 
in the sheep fetus. To achieve this, umbilical venous 
blood would have to be nearly fully saturated with a 
Po, of 50 to 55 mm Hg. This is higher than the accepted 
normal range for the fetal lamb but is similar to values 
reported for the fetal foal and cow.” Recently, Nico- 
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laides et al.’ reported human umbilical venous blood 
gas values measured in samples obtained by percuta- 
neous fetal blood sampling in second-trimester preg- 
nancies. The mean Po, was ~55 mm Hg. It can be 
calculated from an assumed umbilical venous-arterial 
oxygen difference of 6 to 7 vol/ml that umbilical arterial 
Po, would be ~30 mm Hg, which compares favorably 
with the predicted value of 27 mm Hg in the present 
study. 

If the high vascular Po, reported for the human fetus 
in the second trimester’ is also present in the third 
trimester, the human fetus undergoes a much more 
profound deterioration in blood gas status during the 
delivery process than has been found for the fetal lamb 
in this and previous studies. Moreover, it could also 
mean that oxygen delivery and extraction in the human 
fetus are similar to the levels observed in the fetal lamb. 
However, the results would be achieved in different 
ways in the two species. In the lamb, delivery is high 
largely because cardiac output and umbilical blood flow 
are high. In contrast, in the human, a comparable rate 
of oxygen delivery would be achieved in part by the 
higher hemoglobin concentration and in part by a 
higher umbilical venous Po, and oxygen saturation, 
with the latter differences suggesting a more efficient 
system for placental oxygen transfer than in the sheep. 
These differences, and others,’ indicate significant 
quantitative differences in the systems for fetal oxygen 
delivery in the human and sheep. 
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Endometrial carcinoma occurring in patients under the age of 


45 years 


J. D. Jeffery, M.D., R. Taylor, M.D., D. I. Robertson, M.D., and G. C. E. Stuart, M.D. 


Calgary, Alberta, Canada 


Endometrial adenocarcinoma is frequently unsuspected in women under the age of 45 years by the 
gynecologist or the pathologist, but it does occur. Twenty-seven cases of endometrial adenocarcincma in 
this age group, from 1980 to 1985, were reviewed clinically and pathologically, Five cases were excluded 
by histologic examination. Obesity and abnormal vaginal bleeding were shown to be risk factors. 
Endometrial screening is to be encouraged. This cancer may arise de novo rather than from a 
premalignant precursor. Implications of this neoplasm for the premenopausal woman are considered. (Am 


J OssteT GYNECOL 1987;156:366-70.) 


Key words: Carcinoma, endometrium, younger age group 


Endometrial adenocarcinoma is classically a disease 
of the older, post-menopausal woman. Obesity, im- 
paired carbohydrate metabolism, nulliparity, late onset 
of menopause, hypertension, anovulatory menstrual 
cycles, and exogenous estrogen administration have 
been documented as risk factors for the development 
of this neoplasm in the population at risk. These same 
risk factors may not apply to a younger population, yet 
2% to 3% of cases of endometrial adenocarcinoma oc- 
cur in women under the age of 45 years.' Gallup and 
Stock? identified 14.4% of their cases to have been di- 
agnosed at age 40 years or less. Endometrial cancer is 
frequently unsuspected clinically or pathologically in 
women under the age of 45 years. This tumor does 
exist and may arise de novo in some cases in the pres- 
ence of otherwise normal-appearing, functioning en- 
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dometrium. The presence of obesity and abnormal vag- 
inal bleeding should encourage a greater practice of 
endometrial sampling. Tke purpose of this retrospec- 
tive, clinicopathologic study is to evaluate the risk fac- 
tors in patients among this premenopausal subgroup 
and to describe their disease histologically. 


Material and methods 


Twenty-seven patients diagnosed from 1980 to 1985 
as having endometrial adenocarcinoma were acces- 
sioned through the Cancer Registry at the Tom Baker 
Cancer Centre, Calgary, Alberta, Canada. Women un- 
der the age of 45 years were selected to obtain a pre- 
menopausal study group for comparison with current 
literature. Clinical data were obtained by chart review 
of the time of diagnosis and by correspondence, as 
necessary, with the primary care physicians. Ideal body 
weight was assumed to be 100 pounds for a height of 
60 inches, with an allowed increase of 5 pounds for 
each inch over a height of 60 inches. Two of the authors 
(R. T., D. I. R.) reviewed the original histologic material 
of all patients, as well as recuts on selected blocks of 
tissue as necessary. Statistical analysis was done by the 
x? method. 
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Fig. 1, Distribution of patients’ ages. 


Table I. Menstrual pattern at time of diagnosis 






Bleeding pattern 


Irregular Heavy 10 
Irregular Light 2 
Irregular Normal ] 
Regular Heavy 8 
Regular Normal al 
22 

Results 


Five patients were excluded after histologic review, 
with an error in coding for uterine malignancy other 
than endometrial adenocarcinoma or a disagreement 
with the histologic diagnosis of endometrial adenocar- 
cinoma. The remaining 22 patients under the age of 
45 years represent 5% of cases of endometrial adeno- 
carcinoma documented in Southern Alberta from 1980 
through 1985. The mean age of these 22 patients was 
39.0 years (range 25.6 to 44.9 years, see Fig. 1). The 
mean age of menarche, identified in nine patients, was 
12.8 years (range 9 to 15 years); nine patients were 
nulligravid, and 13 (59%) were parous. 

Eleven patients (50%) were more than 20% above 
their ideal body weight (Fig. 2). Eight (36.4%) of the 
twenty-two women were smokers. The mean arterial 
blood pressure of all patients was 91.4 + 12.7 mm Hg. 
Before diagnosis, only two patients were receiving an- 
tihypertensive medications; only one patient had been 
recognized as having diabetes mellitus, type II. Two 
patients had exposure to clomiphene citrate as an ovu- 
lation induction agent, within 12 months before diag- 
nosis of disease. It was not possible from chart review 


to draw any meaningful conclusions regarding inci- 


dence of oral contraceptive pill use among the study 
patients. One of the 22 study patients had a bilateral 
salpingo-oophorectomy performed 10 years before di- 
agnosis, because of bilateral mucinous cystadenomas, 
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Fig. 2. Distribution of relative weights. 


Table II. Surgical management of endometrial 
adenocarcinoma 


No. of 
Procedure patients 
Total hysterectomy with bilateral 17 
salpingo-oophorectomy 
Total hysterectomy only 4 
Cervical dilatation and uterine i 


curettage (lost to follow-up) 


but this patient had been maintained on a regimen of 
cyclic conjugated estrogens during the interval. 

The most common physical findings documented by 
the assessment of the admitting physictan at the time 
of diagnosis were clinically increased uterine size (nine 
of 22 patients) (40.9%) and obesity (eight of 22 patients) 
(36.4%). All patients but one had a reported abnor- 
mality of the usual menstrual pattern (see Table 1). 
Heavy or irregular menses was defined as an increase 
or change by more than 2 days from the regular men- 
strual pattern. 

Five patients (22.7%) failed to have carcinoma di- 
agnosed before hysterectomy. The remaining 17 pa- 
tients each had carcinoma diagnosed on prehysterec- 
tomy uterine curettings. One patient has been lost to 
follow-up after the diagnosis was made by fractional 
curettage. Surigcal management is as listed in Table II. 
Surgical therapy was performed at various referring 
institutions before review at the Cancer Centre. Three 
patients have received postoperative external beam 
pelvic radiation, followed by vaginal vault radiation. 
Two of these cases were for histologic evidence of 
endocervical involvement and the third patient had 
Stage IB, grade | disease with full-thickness myometrial 
invasion. One patient has received chemotherapy in the 
form of Adriamycin, cyclophosphamide, and proges- 
togens. She represents the only patient to die in the 
present series and had an associated second primary 
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Table III. Stage and grade (according to International Federation of Gynecology and Obstetrics) 
compared with myometrial invasion 






Clinical stage 















and grade Row total 
IA, Gl 6 l 0 7 
IA, G2 0 ] 0 ] 
IB, Gl 4 3 ] 8 
IB, G2 ] 0 ] 2 
II, Gl 2 I 0 3 
Column total 13 6 2 21 
Table IV. Associated gynecologic pathologic Table V. Precursor lesions in endometrial 
conditions adenocarcinoma 
Clinical stage and Patients 
grade of 
Associated gynecologic endometrial 
pathologic condition adenocarcinoma 





Adenomatous hyperplasia with or 


Bilateral endometriotd adenocar- IA, Gl without atypia 
cinoma of ovaries i Present 15 68.2 
Chronic pelvic inflammatory dis- IB, Gl Absent 7 31.8 
ease—old, healed salpingitis _ Evidence of functioning background 
Focal adenomatoid tumor within IB, G2 endometrium 
uterine wall Present 15 68.2 
Bilateral mature cystic teratomas II, Gl , Absent 7 31.8 


(dermoid cysts) 


malignancy of Stage HI endometrioid adenocarcinoma analysis. Nine of 14 cases (63.6%) with an endometrial 
of the ovary. A fourth patient has received external background of atypical adenomatous hyperplasia oc- 
beam pelvic radiation followed by administration of curred in women older than 40 years. This was ap- 
Alkeran, tamoxifen, and dexamethasone as postoper- proaching clinical significance (p = 0.12), but there was 
ative, adjuvant therapy for clinical Stage 1B—surgical no established correlation between a precursor lesion 
Stage IV disease. All adjunctive therapy was given at and clinical stage or grading. Menstrual bleeding pat- 
the Cancer Centre. All patients but one are alive tern had no correlation with clinical stage or grading, 
and well without evidence of recurrence, with a range but the presence of atypical adenomatous hyperplasia 
of follow-up from 6 to 73 months (average = 32.4 of the endometrium was strongly associated with heavy, 
months). irregular menses (p = 0.0046). 

On clinical and pathologic review, the tumors were 
staged and graded according to criteria of the Inter- Comment 
national Federation of Gynecologists and Obstetricians Endometrial adenocarcinoma in young, premeno- 
(Table I1). The mean age at presentation for patients pausal women accounted for 5% of cases in Southern 
with grade 1 tumors was 39.0 years compared with 39.4 Alberta. This is higher then classically quoted figures 
years for grade 2 tumors; the mean age at presentation but not as high as those of other recent publications. >? 
for clinical Stage 1 disease was 38.5 years and for This report and others support a trend for increasing 
Stage 2 disease it was 42.8 years. Four patients had incidence with advancing age; the present cohort of 
coincidentally associated gynecologic pathology, as de- patients representing only 5% of reported cases may 
fined in Table IV. The nonmalignant endometrium be attributed to a relatively young and mobile popu- 
within the specimen of each case was examined histo- lation in Southern Alberta. 
logically for evidence of precursor lesions to endo- An associated diagnosis of the polycystic ovary syn- 
metrial adenocarcinoma; these results are shown in drome may be found in up to 20% to 30% of cases of 
Table V. endometrial adenocarcinoma in young, premenopau- 

The association between age, smoking history, mean sal women." * In only one of the present 22 cases was 
arterial blood pressure, and deviation from ideal body there histologic evidence of anovulation. Patient obesity | 
weight was compared with clinical stage and grading and nulliparity seem to be strongly associated with the 
of the tumor and precursor endometrial lesions. None development of this cancer in young women**; this the- 


of these associations were clinically significant by x’ ory is supported in the present review by the finding 
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that half of the patients were more than 20% heavier 
than ideal body weight. There are at least two studies, 
however, to challenge these associations.” * 

The effect of tobacco, if any, is not clear. Some 
authors’ claim no association with increased risk of de- 
veloping endometrial adenocarcinoma, while others 
maintain smoking will increase the risk in premeno- 
pausal women and decrease the risk in postmenopausal 
women.’ Exogenous estrogens have been claimed to 
promote this malignancy, and this may include se- 
quential oral contraceptive pills.” The combination oral 
contraceptive pill has not been implicated directly in 
this promoter role." '” 

In this study, 21 of 22 patients presented to their 
primary care physicians with abnormal vaginal bleed- 
ing. The most common physical abnormalities were in- 
creased uterine size and/or patient obesity. These com- 
binations of signs and symptoms should alert the phy- 
sician to the possibility of underlying endometrial 
abnormality, yet the diagnosis of adenocarcinoma was 
first made after hysterectomy in 22.7% of cases. Al- 
though screening the general population with routine 
endometrial sampling is not cost effective, it should 
be used more frequently in this selected group of 
women.* ™ As a screening procedure, premalignant 
pathologic conditions (for instance, endometrial hy- 
perplasia) must be followed with formal cervical dila- 
tation and fractional curettage of the endocervical canal 
and endometrial cavity. 

There was a trend in the study population for atypical 
adenomatous hyperplasia of the endometrium to occur 
in women over the age of 40 vears, but there was no 
statistically significant association between “precursor” 
lesions and adenocarcinoma. Likewise, no statistically 
significant correlation was found when menstrual pat- 
tern, smoking history. age, mean arterial blood pres- 
sure, or deviation from ideal body weight was com- 
pared with histologic grade or clinical stage of the tu- 
mor or precursor endometrial histologic features. 

The lack of precursor pathologic conditions (ade- 
nomatous hyperplasia) in seven of the 22 patients sug- 
gests the possibility that some cases of endometrial ad- 
enocarcinoma may arise de novo. The appearance of 
normally functioning background endometrium, as 
seen in 15 of the present cases, should not deter the 
pathologist from diagnosing endometrial adenocarci- 
noma. As well, it challenges the role of continuous un- 
opposed estrogen in the pathogenesis of this malig- 
nancy. 

Other investigators’* © have proposed two variants 
of carcinoma. One variety seems to be estrogen-depen- 
dent and is associated with adenomatous hyperplasia, 
better histologic differentiation-grading, less myome- 
trial invasion, and a better prognosis. The other variety 
is hormone-independent and carries a worse prognosis. 
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The findings from this present study do not allow iden- 
tification of such a dichotomous disease process. 

Four of the 21 patients available for follow-up in this 
study did not have surgical castration. Three of these 
patients had Stage IB, grade 1 tumors and one patient 
had Stage II, grade 1 disease. These four have been 
followed up for 6 to 73 months and all remain alive 
and clinically free of disease to this point. Although 
bilateral oophorectomy is to be recommended as part 
of the initial surgical procedure, surgical reexploration, 
in order to remove the ovaries after hysterectomy 
alone, is likely unnecessary in patients with early stage 
disease. A recent article states that endometrial ade- 
nocarcinoma does not appear to be a contraindica- 
tion to estrogen replacement therapy in patients with 
Stage I disease. Cyclic estrogen plus progestogens may 
even provide a protective effect.” Although specific 
suggestions regarding the role of ovarian conservation 
cannot be made from the present study, the routine 
procedure of bilateral salpingo-oophorectomy is open 
to question in young women with low-grade, low-stage 
disease. 

Endometrial adenocarcinoma is frequently unsus- 
pected clinically or pathologically in women under the 
age of 45 years. One may conclude that a greater prac- 
tice of endometrial sampling is to be encouraged, es- 
pecially in obese women with abnormal vaginal bleed- 
ing and/or an enlarged uterus. The tumor may arise 
de novo, in some cases in the presence of normal-ap- 
pearing and functioning endometrium. The patholo- 
gist should not be deterred from reporting a diagnosis 
of endometrial adenocarcinoma in the absence of an 
identified transition from endometrial hyperplasia to 
invasive cancer. Although the tumor is usually of low 
grade and low stage, it may be aggressive and require 
adjuvant therapy. The implications of long-term estro- 
gen deprivation after hysterectomy and bilateral sal- 
pingo-oophorectomy in young patients must be cau- 
tiously considered against the unknown risk of ovarian 
conservation or postoperative estrogen replacement 
therapy. 
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Uterine sarcoma: An analysis of 74 cases 


Allan L. Covens, M.D., Jeffrey A. Nisker, M.D., William B. Chapman, M.D., and 


H. Hugh Allen, M.D. 
London, Ontario, Canada 


in order to determine whether recent methods of diagnosis and treatment have resulted in an imp-oved 
survival for patients with uterine sarcoma, we reviewed 99 cases treated in our center from 1970-1985. 
Morphologic characteristics of 74 tumors were specifically reassessed for this study. All tumors were 
graded. Of 42 Stage | cases that were morphologically assessed, tumor-positive pelvic lymph nodes were 
found in two of the 15 patients in whom sampling was done. No cases of tumor-positive para-aorlic nodes 
were found in 14 patients with Stage | disease. in Stage | and Stage li, no cases of positive para-aortic 
nodes were found in association with negative pelvic nodes. The 2- and 5-year survival rates in Stage | 
were 47.4% and 29.4%, respectively. Local recurrence decreased (p < 0.01) in Stage | from nine of 22 
cases in which operation alone was performed to none of 15 cases in which pelvic radiotherapy was 
added, but no improvement in the 5-year survival rate was observed. As with lymphadenectomy and 
radiotherapy, the recent use of chemotherapy for uterine sarcoma had no impact on survival. (Au J OBSTET 


GYNECOL 1987;156:370-4.) 


Key words: Uterine sarcoma, diagnosis, treatment, survival 


Sarcomas of the uterus account for 3% to 5% of 
uterine malignancies.'* This infrequent occurrence, as 
well as the multiple morphologic features, has made 
study and recommendations for treatment difficult. In 
recent years lymphadenectomy, adjuvant radiotherapy, 
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and chemotherapy have been suggested as possible 
therapeutic modalities tnat might improve the gener- 
ally poor prognosis. We thus evaluated these methods 
for the treatment of uterine sarcoma in a large regional 
cancer center. 


Material and methods 


Ninety-nine patients were diagnosed as having uter- 
ine sarcoma at the Ontario Cancer Treatment and Re- 
search Foundation London Clinic from 1970 to 1985. 
Data regarding presenting complaint, previous pelvic 
radiation, diagnostic procedure, clinical and surgical 
stage, histologic diagnosis, surgical treatment, and ad- 
juvant radiotherapy or chemotherapy as well as recur- 





Volume 156 
Number 2 


Table I. Morphologic features and percent survival 


Malignant mixed müllerian tumor 


0 
3 


3 
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Homologous 28 I 6 6 6 24.0 4.3 
Heterologous 15 l l 0 ] 33.3 33.9 
Total 43 2 7 6 7 27.0 14.3 
Endometrial stromal sarcoma 
Low-grade 3 0 0 0 100.0 100.0 
H:gh-grade 0 l ] 25.0 25.0 
Total 7 0 1 | 57.1 57,1 
Leiomyosarcoma 
Atvpia 
Mild 5 0 l ] 80.0 40.0 
Moderate 9 0 l 44.4 12.5 
severe 3 ] 0 l 50.0 0 
Mitotic count 
3-9/10 hpf 4 0 0 l 75.0 50.0 
10-20/10 hpf 10 ] 2 2 66.7 14.2 
>20/10 hpf 3 0 0 0 0 0 
Tota! 17 l l 2 3 57.1 16.7 
Adenosarcoma I ji 0 0 0 0 
Mixed sarcoma l 0 0 0 0 0 
Unclassified 5 0 ] 2 0 0 


hpf = High-power field. 


rence were retrieved. Information not present in the 
initial chart review was added from referring physician 
records, other cancer treatment center’s records, in- 
dividual hospital charts, and personal telephone calls 
to the patients. Follow-up was 100%. 

Clinical stage was based on guidelines of the Inter- 
national Federation of Gynecologists and Obstetricians 
for uterine neoplasms. Pathologic material was re- 
viewed specifically for this study by one of the authors 
(W. B. C.) using the classification of Hendrickson and 
Kempson.’ Low-grade endometrial stromal sarcomas 
(endolymphatic stromal myosis) were included. The 
criteria for diagnosis of leiomyosarcoma were >10 mi- 
totic figures per 10 high-power fields or five to 10 mi- 
totic figures per 10 high-power fields with moderate or 
severe atypia. An average of 11 blocks of primary 
tumor hed been prepared per case, and the range was 
seven to 21. At least one slide stained with hematoxylin 
and eosin was reviewed for each block, and in some 
cases special stains were also available for review. A 
mitotic count was done for all cases; this was reported 
as the number of mitotic figures per 10 high-power 
fields, with the use of a 40 x objective and 10x ocular. 
At least 10 high-power fields in the most cellular part 
of the tumor were examined in each case. Atypia was 
graded as mild, moderate, or severe. 

Groups were compared with the use of x? analysis 
and means were compared with Student’s ¢ test. The 


N= DO e Waw 


Table II. Clinical and surgical stage 






Clinical 





Surgical 


I 56 75.7 42 | 52,2 

Il 5 1.4 9 12.7 

III 5 6.8 l 9.9 

IV -8 11.3 13. 18.3 
74 ai? 


*Yhree patients underwent curettage only. 


2- and 5-year survival rates were reported as crude 
survivals. 


Results 


Of the 99 cases initially diagnosed as uterine sarcoma, 
25 were excluded before pathologic review because of 
unavailability of slides. All of the original diagnoses for 
the remaining 74 cases were confirmed. As shown in 
Table I, malignant mixed miillerian tumors accounted 
for 58.1% of all tumors. The tumor grading is also 
presented in Table I. 

The mean age of the patients was 61.9 years, and the 
ages ranged from 15 to 92 years. The mean + SD ages 
by histologic types were: malignant mixed müllerian 
tumor, 65.8 + 13.0 years; endometrial stromal sar- 
coma, 55.1 + 17.4 years; leiomyosarcoma, 55.2 + 11.5 
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Table III. Lymph node status 


2 0 
0 
0 


n 13 0 14 4 2 0 
Survival (%) 
2 yr 50.0 — 41.7 0 — 0 — 
5 yr 25.0 — 22.2 0 — 0 — 


Table IV. Survival versus stage 





Malignant mixed mül- 23 31.6 23.9 
lerian tumor 
Endometrial stromal 5 80.0 75.0 
sarcoma 
Leiomyosarcoma 1] 72.7 33.3 
Others S 0 0 
H g 25.0 12.5 
III 10 20.0 0 
IV 15 9.1 0 


years; others, 60.6 + 13.1 years. The mean age of pa- 
tients with leiomyosarcoma was significantly younger 
than that of patients with malignant mixed miillerian 
tumors (p < 0.01). The most common presenting com- 
plaints were abnormal vaginal bleeding (79.7%), pelvic 
or abdominal pain (16.2%), an enlarged uterus (12.2%), 
vaginal discharge (9.5%), and abdominal or pelvic 
mass (9.5%). 

The clinical and surgical staging ts described in Ta- 
ble II. At the time of operation, 23.2% of patients with 
clinical Stage I disease were noted to have more ad- 
vanced disease. 

Pelvic lymph node metastases were found in two of 
15 Stage I cases, but no para-aortic nodal metastases 
were found in 14 patients (Table III). There were no 
cases of positive para-aortic nodes with negative pelvic 
nodes (n = 13). In Stage II, tumor-positive nodes were 
found in all four cases where pelvic nodes were re- 
moved and in both cases where para-aortic lymphad- 
enectomy was performed. In Stages I and II malignant 
mixed miillerian tumors accounted for 83.3% of cases 
with tumor-positive lymph nodes. In both Stage I and 
Stage II there were no 2-year survivors in any of the 
patients with tumor-positive pelvic or para-aortic lymph 
nodes. In Stage I, the 5-year survival rate for patients 
with negative nodes (25.0%) was not significantly dif- 
ferent from that in those cases where the lymph nodes 
were not sampled (34.8%). 

The 2- and 5-year survival rates by stage are shown 


in Table IV. The overall crude 2- and 5-year survivals 
were 33.8% and 17.5%, respectively, and 47.4% and 
29.4%, respectively, for Stage I. Fifty-one patients have 
died, with al] deaths occurring within 5 years of initial 
operation. 

Survival rates in Stage I for the various treatment 
regimens are described in Table V. Although there was 
a significant decrease (p < 0.01) in local recurrence 
with the addition of radiaticn to operation (none of 15) 
compared with that in operation alone (nine of 22), the 
2- and 5-year survivals were similar. When simple hys- 
terectomy is compared with radical hysterectomy in pa- 
tients with Stage I disease “having no additional ther- 
apy), the 2- and.5-year survivals were not significantly 
different (Table V). 

Twenty-four patients received chemotherapy. The 
various regimens included: vincristine, actinomycin D, 
and cyclophosphamide (eight patients); cyclophospha- 
mide, vincristine, Adriamycin, and dimethyl-triazeno 
imidazole carboxamide (seven patients); and cisplatin- 
based therapies (five patients). Adriamycin, in addition 
to other chemotherapeutic agents, was given to 15 pa- 
tients. No patient received single-agent chemotherapy. 
No change in survival was observed with the addition 
of chemotherapy. 

There have been tumor recurrences in 35 patients 
and second recurrences in lI. Recurrences were ob- 
served within 9 months in 54.3% of cases, and all re- 
currences observed were within 4 years of initial di- 
agnosis. As noted in Table VI, 51.4% of first recur- 
rences involved the pelvis, with 45.7% involving the 
pelvis only. The second most common site of initial 
recurrence was the lung (31.4%), with 22.9% being pul- 
monary only. The abdomen was involved in 20.0% in 
recurrences. 

Survival according to histologic type is given in Ta- 
ble I. When the various morphologic types are com- 
pared (Table I), no significant differences in survival 
were noted, with the exclusion of low-grade endome- 
trial stromal sarcoma. All malignant mixed miillerian 
tumors showed areas of severe atypia and high mitotic 
counts in both the sarcomatous and carcinomatous 
areas. The same was true for the sarcomatous portions 
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Table V. Stage I: Primary therapy and survival 


















Simple Radical 


hysterectomy hysterectomy 
n 17 5 
Survival (%) 
2 yr 43.8 50.0 
5 yr 25.0 33.3 


of the unclassified sarcomas, the mixed sarcoma, and 
the adenosarcoma. Leiomyosarcoma was analyzed both 
by degee of atypia and by mitotic count. Thirteen cases 
of leiomyosarcoma had >10 mitoses per 10 high-power 
fields and four cases had five to nine mitoses per 10 
high-power fields with moderate to severe atypia. 
There was a better 5-year survival with lower mitotic 
counts and less atypia, but the small numbers preclude 
significance testing. 

Four patients had previous pelvic radiation, with the 
average time from radiation to diagnosis being 16 years, 
(range 5 to 27 years). The indications for the previous 
radiation included: cervical carcinoma (n = 2), bladder 
carcinoma (n = 1), and ovarian carcinoma (n = 1). 
Morphologically, three were malignant mixed müller- 
ian tumors and the other was an adenosarcoma. 


Comment 


The 2- and 5-year survivals for Stage I reported in 
this paper are comparable with those of previous 
studies’ but less than those of others.' °® The single 
most important predictor of survival is stage. In this 
study, grade appears to be of use prognostically for 
endometrial stromal sarcoma and possibly leiomyo- 
sarcoma. The usefulness of grading in endometrial 
stromal sarcoma is widely accepted*"' and a correlation 
between grade and prognosis has been shown for 
leiomyosarcoma. Conversely, grading of malignant 
mixed miillerian tumor does not offer any prognostic 
value,’ a conclusion with which we agree. 

In this study, as in other studies addressing lymph- 
adenectomy for uterine sarcoma,* '‘ small numbers pre- 
clude meaningful conclusions. The fact that five of six 
patients with positive nodes had morphologic features 
of malignant mixed müllerian tumor agrees with a pre- 
vious study® stating that malignant mixed müllerian tu- 
mors have the most propensity to spread via the lym- 
phatics. As no patient with tumor-positive lymph nodes 
survived 2 years, lymphadenectomy appears to be of 
limited usefulness. 

The incidence of sarcoma in patients with a history 
of previous pelvic radiation is comparable to that of 
previous reports.”*!° Rarely is radiation used for be- 
nign disease today, but the numerous indications in the 
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Operation Radiation 
plus plus 
radiation chemotherapy 


Operation plus 
radiation plus 
chemotherapy 







15 4 ] 
46.2 75.0 0 
41.7 50.0 0 


Table VI. Site of first recurrence 


Pelvis 

Isolated 16 45.7 

Total 18 51.4 
Lung 

Isolated 8 22.9 
. Total 11 31.4 
Abdomen 7 20.0 
Other sites 4 11.4 


past may be one cause of the higher incidence reported 
in previous studies.* '® The higher proportion of ma- 
lignant mixed miillerian tumors observed in this study 
is consistent with that of previous reports. 

The inaccuracies of clinical staging are evident in the 
fact that 23.2% of Stage I cases were understaged when 
intraoperative findings were evaluated. The high pro- 
portion of distant recurrences (28.6%) in Stage I disease 
further emphasizes the need for systemic therapy as 
part of the primary treatment plan. The propensity for 
pulmonary recurrences (31.4% overall and 22.9% as 
an isolated location) further emphasizes the need for 
adjuvant chemotherapy. The aggressiveness of uterine 
sarcomas is further reflected by the fact that more than 
50% of recurrences developed within 9 months of ini- 
tial treatment. Low-grade endometrial stromal sar- 
coma, however, behaves differently from other uterine 
sarcomas in its tendency to recur after many years. 
Comparisons of primary treatment modalities could be 
addressed only in Stage I and II disease in this study. 
As in previous reports,'*”* the addition of radiother- 
apy did not significantly improve survival. Despite the 
adjuvant use of chemotherapy in 14.9% of our pa- 
tients, neither survival rate nor recurrence interval was 
improved. 

The correlation of negative pelvic lymph nodes with 
negative para-aortic nodes questions the value of para- 
aortic lymphadenectomy. Similarly the fact that there 
were no survivors with tumor-positive pelvic lymph 
nodes demonstrates the futility of therapeutic lymph- 
adenectomy in uterine sarcoma. Radical hysterectomy 
has not been found to improve survival in Stage I dis- 
ease and therefore has no role in uterine sarcoma ex- 
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cept possibly for endometrial stromal sarcoma with po- 
tentia] parametrial involvement. 

The addition in recent years of radiotherapy, lymph- 
adenectomy, and chemotherapy to hysterectomy for 
uterine sarcoma has not impacted on the poor prog- 
nosis. More effective chemotherapeutic agents would 
seem the most appropriate direction for future studies 
of uterine sarcoma. 
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Laser surgery for vulvar intraepithelial neoplasia: 


Principles and results 


V. C. Wright, M.D., and Eleanor Davies, M.D. 
London, Ontario, Canada 


Twenty-nine patients with grade 3 vulvar intraepithelial neoplasia were treated with the carbon dioxide 
laser while they were under anesthesia. Superficial lesions in nonhairy areas were vaporized to <1 mm, 
but lesions extending onto hairy areas were vaporized to 3 mm to destroy disease in skin appendages. 
Eighty-three percent of lesions involved nonhairy areas alone. Seventy-two percent of cases were cu-ed 
by one laser application, 25% by two, and one case by three. Two patients had permanent hair loss after 
healing. The laser is an appropriate modality for lesions in nonhairy areas but scalpel excision is probably 
better for vulvar intraepithelial neoplasia in hairy areas. (Am J Osstet Gynecot 1987;156:374-8.) 


Key words: Laser surgery, vulvar intraepithelial neoplasia, vulvar carcinoma in situ 


Vulvar intraepithelial neoplasia has been considered 
a rare disease of early menopausal and postmenopausal 
women. Today, however, it is being seen more com- 
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monly in young, reproductive-aged women. Many of 
the women having a diagnosis of vulvar intraepithelial 
neoplasia have a history of vulvar viral infections, par- 
ticularly human papillomavzrus.' This fact and other 
evidence has led investigators to suspect a cause-and- 
effect relationship.** Vulvar intraepithelial neoplasia 
can be found anywhere on the vulva. Most lesions oc- 
cupy nonhairy areas, but they can also occur in hairy 
areas. As many as 50% of cases are multifocal areas,’ 
and lesions can extend from one area onto another, 
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Fig. 1. Histologic structural relationship of the sebaceous gland, hair follicle, and exocrine sweat 


gland. 
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Fig. 2. Histologic structural relationship of the sebaceous gland, hair follicle, and sweat gland. 


such as from the vulva to the perianal skin (17% of 


cases) or clitoral prepuce (18% of cases). 
Treatments by simple excision, simple vulvectomy, 


skinning vulvectomy, cryosurgery, and topical 5-fluo- 
rouracil have been disappointing." ** Recurrence is the 
same, about 30%, after local incision and simple vul- 
vectomy, and in 39% of cases recurrence is found at 
the margin after skinning vulvectomy.® As many as 48% 
of cases of multifocal disease recur.'° Topical 5-Huo- 
rouracil is frequently too irritating for patients to con- 
tinue the 4- to 6-week regimen.®* * Cryosurgery simply 
does not work’ and repeated surgical procedures often 
produce unsatisfactory cosmetic results. 

The apparently rising incidence of vulvar intraepi- 
thelial neoplasia in younger, sexually active women and 
the need for re-treatment in many patients have mo- 


tivated some surgeons to use the carbon dioxide laser 
as a surgical modality for this disease. This has met with 
varying success, ranging from acceptable” (73% disease 
free after one to three laser applications) to dismal” 
(74% of one series of patients had three to six laser 
applications and almost 10% of the women still had 
disease), and complications of bleeding and infection 
have been reported." '* * The purpose of this paper 
is to illustrate that satisfactory cure rates, few compli- 
cations, and excellent cosmetic results can be obtained 
for both unifocal and multifocal grade 3 vulvar intra- 
epithelial neoplasia disease with the carbon dioxide la- 
ser. The operative approaches are based on the histo- 
logic depths of disease in different areas of the vulva 
and the potential for vulvar intraepithelial neoplasia to 
involve underlying adnexal structures. 
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Table I. Postoperative care after vulvar laser surgery 





1. Tea sitz baths or warm tea bag compresses four 
times a day 

2. ‘Tannic acid ointment (composed of 5% tannic 
acid and 95% PCCA concentrate* or 5% tannic 
acid and 95% petrolatum supplied in 50 to 100 
gm container) applied to the wound three times 
a day 

3. One quarter strength hydrogen peroxide sitz 
baths as needed (one part hydrogen peroxide 
and four parts water), should a cleansing agent 
be necessary 

4. Use of a hair dryer. to dry the skin after bathing 
and sitz baths 

5. Silver sulfadiazine applied topically as necessary to 

control superficial bacterial infection 

Analgesics as necessary 

Avoidance of constricting clothing 

No intercourse until the area is healed 


OO ID 


*Professional Compounding (Canada), Inc., 3 Centre St., 
London, Ontario, Canada N6J 1T4. 


Structure of the skin 


To eliminate vulvar intraepithelial neoplasia it is nec- 
essary to understand the structure of the skin and its 
underlying appendages and recognize which ones are 
likely to be become involved by disease and to what 
depth (Figs. 1 and 2). The structures in question are 
the external hair root sheath, the sebaceous gland and 
its duct, and the apocrine and eccrine glands and 
ducts. The external hair root sheath is a downward 
continuation of the epidermis. To the isthmus, includ- 
ing the entrance of the sebaceous duct, the squamous 
epithelium is stratified and produces keratin in the 
same manner as the vulvar skin surface. Below this level 
the sheath is not stratified and does not produce ker- 
atin. Because the upper parts of the hair root sheath 
and the lining of the sebaceous gland duct are contig- 
uous with the surface epithelium and are composed of 
similar cells, these areas are susceptible to extension of 
disease.” Involvement of hair root sheaths to depths of 
0.8 to 2.5 mm has been documented.’ Involvement of 
the sebaceous duct, which is secondary to that of the 
sheath, occurs, although less often. The ducts of the 
eccrine and apocrine glands are lined by their own 
independent epithelium, which is not contiguous ‘with 
the surface epithelium. Because of this these structures 
are far less likely to be involved. In the rare instance 
when disease has appeared to involve these ducts it has 
been to depths of <0.5 mm (Ferenczy A., personal 
communication, 1985). 


Rationale for laser surgery 


The reasons for using the carbon dioxide laser are 
many. This procedure requires microscopic scrutiny of 
disease because it is performed through an operating 
microscope. Normal tissue is left undisturbed and in- 
flammatory response is reduced. The procedure usu- 
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ally does not produce bleeding and can be done on an 
outpatient basis with small lesions. Re-treatment can be 
performed, if needed, and exceptional cosmetic and 
functional resulcs can be achieved. However, the latter 
advantage does not apply to all locations of vulvar in- 
traepithelial neoplasia. 

Because different areas of the vulva have different 
adnexal structures (hair follicles, sebaceous glands, 
apocrine and exocrine glands), the depth of disease and 
the technique of removing it with the carbon dioxide 
laser must vary. In some areas the carbon dioxide laser 
may not be the most appropriate surgical modality. For 
best management, the vulva, perineum, and anus 
should be divided into hairy and nonhairy areas. 

Nonhairy areas. The nonhairy sites include the cli- 
toris, labia minora, and inner surface of the labia ma- 
jora, posterior fourchette, and anus. Since hair shafts 
are absent in these areas, tt is unlikely that vulvar in- 
traepithelial neoplasia will extend beyond the thickness 
of the epidermis (<500 to 600 pm). Therefore, laser 
vaporization should be superficial and include the 
thickness of the epidermis only. This results in a his- 
tologic depth cf <1 mm. Some heat conduction will 
extend the injury into the underlying superficial der- 
mis. This may result in characteristic edema, blister 
formation, and pain. Such an injury may require 21 to 
28 days to heal, but scarring should not occur with 
epithelial vaporization only. 

Hairy areas. These areas are the outer surface of the 
labia majora and more laieral perineal and perianal 
areas. In these areas vulvar intraepithelial neoplasia can 
extend down the hair shaft (external hair sheath) and 
its associated sebaceous gland duct into the dermis as 
much as 2.5 mm. To eradicate disease in hairy areas, 
therefore, vaporization into the dermis of 3 mm is re- 
quired to account for potential extension of the vulvar 
intraepithelial neoplasia along the hair shaft and its 
associated adnexal structure (duct of sebaceous gland). 
The amount of dermis lost depends on the site and 
extent of vulvar intraepithelial neoplasia involvement. 
This full-thickness vaporization results in destruction 
of the epidermis, dermis, and some complete epidermal 
structures. 


Methods and material 


During 1981 to 1985, 29 patients were referred to 
the Woman’s Clinic at St. Joseph’s Hospital in London, 
Ontario, Canada, for management of grade 3 vulvar 
intraepithelial neoplasia (severe dysplasia and carci- 
noma in situ). The majoriy of these patients had pre- 
vious biopsies, either by the Keyes punch, by punch 
biopsy, or by incomplete local scalpel excision. A thor- 
ough colposcopic examination of the cervix, vagina, 
vulva, perineum, and anal area was carried out at the 
clinic. The appropriate areas were stained with acetic 
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Table II. Distribution of disease 





Lesion location 
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Upper one-third 4 13.8 0 0 0 0 4 13.8 
Posterior one-third 9 31.0 0 0 ] 3:5 10 34.5 
Posterior two-thirds 9 31.0 0 0 0 0 9 31.0 
Multifocal 2 6.9 0 0 4 13.8 6 20.7 
Total 24 82.8 0 0 5 17.2 29 100 
Table IIL. Treatment success 
Cured by one Cured by two Cured by three 
procedure procedures procedures Overall cures 
Nonhairy areas 
Upper one-third 4 100 — — — — 4 100 
Posterior one-third 9 100 — —- — — 9 100 
Posterior two-thirds 5 55.6 4 44.4 — — 9 100 
Multifocal 0 0.0 2 100 — — 2 100 
Multifocal, hairy and 2 50.0 1 25.5 l 25.5 4 100 
nonhairy 
Posterior one-third, i 100 — — amam ~— l 100 
hairy and nonhairy 
Total 21 72.4 7 24.1 l 3.5 29 100 


acid. Toluidine was not used because we believe that 
acetic acid with magnification is more reliable. Fre- 
quently further biopsies were necessary to be sure that 
no invasive disease was present. A complete mapping 
of the disease was recorded. 

All patients were under general anesthesia while they 
were treated. A surgical laser coupled to an operating 
microscope was used to produce an effective beam di- 
ameter of 2 mm with power density ranging from 650 
to 1200 W/cm’. Lesions were first outlined incorporat- 
ing a colposcopically normal peripheral margin of 2 to 
3 mm. Vaporization was carried out to a depth of just 
less than 1 mm in nonhairy areas and to 3 mm in hairy 
areas to ensure all disease was eradicated. Carbonized 
debris was then removed by irrigation or with a wet 
sponge. The vaporized defects were left to granulate 
and epithelialize. 

Patients were given specific instructions for postop- 
erative care. These are outlined in Table I. They were 
cautioned that infection and temperature elevation 
were possible and that they should call the office if 
either occurred. They were instructed to gently sepa- 
rate opposing lasered labia at least once each day during 
a sitz bath to prevent coaptation. They were informed 
that satisfactory healing might take 4 to 6 weeks after 
superficial vaporization and as long as 2 months after 
vaporization into the dermis. Patients were advised to 
avoid intercourse until satisfactory healing had taken 


place. Finally, they were warned that loss of pigmen- 
tation and alopecia might occur in areas of deep va- 
porization. 

The initial postoperative evaluation was scheduled 
for 4 weeks after operation, the next at 3 months, and 
the third at 6 months. Ifa 6-month assessment revealed 
normal colposcopic findings, the patient was instructed 
to contact her referring physician for yearly exami- 
nations. A progress note was then sent to the clinic by 
the examining physician. 


Results 


In 83% of cases the grade 3 vulvar intraepithelial 
neoplasia lesions involved nonhairy areas only. In 17% 
lesions involved hairy and nonhairy areas. No lesions 
involved hairy areas alone (Table H). The most com- 
mon single site was the posterior fourchette (52% of 
cases). The clitoris was involved in 6.9%. The majority 
of lesions occupied the posterior two thirds of the vulva. 
One patient had perianal extension of the disease. 

Fourteen of 29 patients (48.3%) had a history of con- 
dyloma of the vulva. Four (13.8%) had condyloma as- 
sociated with vulvar intraepithelial neoplasia at the time 
of treatment. Seven patients (24.1%) had a history of 
cervical intraepithelial neoplasia: grade 2 in three cases 
and grade 3 in four. No patient had a history of vaginal 
intraepithelial neoplasia. Twenty-seven of the 29 pa- 
tients (93.1%) smoked. 
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Tea sitz baths and topical 5% tannic acid combined 
with 95% petrolatum were very effective in controlling 
pain. Laser surgery produced considerable pain and 
edema on the labia minora and three patients required 
a Foley catheter for as long as 10 days. 

Two patients with vulvar intraepithelial neoplasia ex- 
tending onto hairy areas healed with loss of hair. All 
other patients had satisfactory cosmetic results. No pa- 
tient developed a systemic infection. 

The success of laser surgery by site is shown in Ta- 
ble III. Most cases (72.4%) were cured by one laser 
procedure. One quarter of the cases required two laser 
procedures and one case required three treatments. In 
all cases the original lesions were eradicated. Seventy- 
five percent of lesions in nonhairy areas alone were 
cured by one laser application whereas only 60% of 
lesions that extended onto hairy areas were cured by 
one laser procedure. 

At this writing two of the 29 patients (6.9%) who had 
normal findings 1 year after operation developed new 
disease. One had two laser procedures for a lesion in 
the posterior two thirds and she developed a new lesion 
in the upper third of one side of the vulva. This lesion 
was excised with a scalpel by another gynecologist two 
years after the laser procedure. One year later this same 
patient developed another lesion on the opposite side 
of the vulva in the upper third. She is presently con- 
templating having this area removed by laser. Another 
patient with a lesion in the posterior two thirds devel- 
oped a new lesion adjacent to the site of laser treatment 
3 years later. This was successfully removed by laser 
vaporization. 


Comment 


Baggish and Dorsey,” in an early investigation of 
laser surgery for vulvar intraepithelial neoplasia, rec- 
ommended a uniform depth of vaporization of 3 mm 
for all areas of the vulva. However, because the labia 
minora and clitoris can be thinner than 3 mm, they 
might be destroyed by such depths of destruction. Fur- 
thermore, vaporization to that depth is unnecessary as 
well as hazardous in some areas, since adnexal struc- 
tures that might be involved are absent in the nonhairy 
areas of the vulva where most lesions arise. In these 
nonhairy areas superficial ablation of the epithelium 
will be sufficient to eliminate the disease quickly, easily, 
and effectively, usually with one treatment. This has 
been noted by others.“ The beam’s slight thermal effect 
on adjacent and underlying normal tissue is enough to 
seal small blood vessels and lymphatics without inter- 
fering with healing. This enables the procedure to be 
performed without bleeding, prevents infection, and 
allows the vulva to heal without scarring. 
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- Hairy areas, however, can be involved into the pap- 
illary and possibly the reticular dermis. Elimination of 
disease requires deep vaporization, which can cause 
delayed healing, scarring, and alopecia. We therefore 
advocate excising lesions in the hairy areas by scalpel. 
This approach to operation for grade 3 vulvar intra- 
epithelial neoplasia, on the basis of the histologic depth 
of disease, is a reasonable alternative to more radical 
surgical procedures ard seems a logical way of elimi- 
nating lesions while minimizing complications. This 
concept of histologic depth is consistent with the va- 
porization planes recently described by Reid” and war- 
rants further investigation. 
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should be discontinued immediately A four-to-six-fold increased nsk of postsurgery thromboembolic complications has been reported 
in oral contraceptive users. If feasible, OCs should be discontinued at jeast 4 weeks before surgery of a type associated with an 
increased risk of thromboembolism or protonged immobilization. 

RSISTENCE OF RISK OF VASCULAR DISORDERS —Findings from one study in Great Britain involving cerebrovascular disease and 
anotner study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. in the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. in the U.S. study, an increased risk of myocardial infarction persisted for at least $ years in 
women 40- to 45-years-old who had used OCs for five or more years, The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuto-ocutar lesions, such as optic neuritis or retinal thrombosis, associated with the use 
of OCs. Discontinue OC medication if there is unexplained, sudden or gtaduai_ partial or complete loss of vision: onset of proptasis or 
diplopia; papilledema or retinal-vasculas lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
_ frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens. none currently contained in OCs, have 
beer: noted to increase the incidence of mammary nodules, benign and malignant, in dogs. in humans, three case-control studies have 
_feported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
: women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma af the 
endometrium in women under 40 on OCs. Of the cases found in women without predisposing tisk factors for adenocarcinoma of the 
endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly alt occurred in women who had used a 
sequential OC. These products are no tonger marketed. No evidence has been reported Suggesting an increased risk of endometriat 
cancer in users of conventional combination of progestogen-only OCs. Several studies have found no increase in breast cancer in 
wormen taking OCs or estrogens, One study, however, while aiso noting no overall increased risk of breast cancer in women treated with 
OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A reduced occurrence of benign breast 
‘tumors in users of OCs has been well-documented. in summary, there is at present no confirmed evidence from human studies of an 
increased tisk of cancer associated with OCs. Close clinical surveillance of ali women taking OCs is, nevertheless, essential in ali 
_2 Cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be taken to rule out 
> malignancy. Women with a strong family history of breast cancer or who have breast nodules. fibrocystic disease or abnormal 
marimograms should be monitored with particular care if they elect to use OCS. 
4. hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
<. formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign. 
=i hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
- . weit as long-term users of OCs. Two studies relate risk with duration of use of OCs. the nisk being much greater after 4 or more years of 
OC use. While hepatic adenoma js a rare lesion, it should be considered in women presenting abdominal pain and tenderness. 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 
. 5. Use in or immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
... harmones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. R has been 
<- Shown that females exposed in utero to diethyistitbestro!, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of fin 1.000 
exposures or fess. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore. a high percentage of such 
> @xpased women (from 30 to 90%) have been found to have epithelia! changes of the vagina and cervix. Although these changes are 
“histologically benign, it is not known whether this condition is a precursor of vaginal malignancy Mate children so exposed may 
‘develop abnormalities of the urogenital tract. Although similar data are not avaiable with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs. in pregnancy One case-control study has estimated a 4 7-toid 
increase in risk of limb-reduction detects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
of attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in LOOG five births. in the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triptoidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted Spontaneausly. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. if the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 





























period and further use of OCs shauld be withheld until pregnancy has been ruled out. if pregnancy is confirmed, the patient should be 
apprised of the potential risks te the fetus, and the advisability of continuation of the pregnancy should be discussed in the ight of 
these risks. it is also recommended that women who discontinue OCs with the intent af becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many chimcians recommend 3 months, although no precise 
information is available on which to base this recommendation The administration af progestogen-only or progestogen-estragen 
combinations to induce withdrawal bleeding shuld nat be used as a test of pregnancy 

6. Galibladder Disease: Studies report an increased risk of Surgically confirmed galibladder disease in users of OCs and estrogens. In 
one Study an increased risk appeared after 2 years af use and doubled after 4 or 5 years of use. In one of the other studies. an 
increased rish was apparent between 6 and 12 months of use. 

7. Carbohydrate and Lipid Metabolic Effects. & decrease in glucose tolerance has been observed in a significant percentage of 
patients cn OCs. For this reason. prediabetic and diabetic patients should he carefully observed while receiving GCs. An increase in 
triglycerides and total phosphoipids has been observed in patients receiving OCs. Three studies have been performed with the 
In-Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tabiets Trphasic Regimen} formulation and no significant alterations in lipid 
metabolism were noted. with the exception of a slight increase in triglyceride levels in one study. The clinical significance of these 
findings remains to be defined 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. in the frst year of use, the prevalence of women with hypertension ss iow it users 
and may be no higher than that of a comparable gioup of nonusers. The prevalence in users increases, however, with longer exposure. 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year, Age 1s also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more ihely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns te normai 
atter discontinuing the drug. 

$. Headache. The onset or exacerbation of migraine ot development of headache of a new pattern which is recurrent, persistent or 
Severe. requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding irregularities: Breakthrough bleeding. Spotting and amenorrhea are trequent reasons for patients discontinuing OCs. In 
breakthrough bleeding. as in aif cases of regular bleeding from the vagina, nonfunctional causes should De borne in mind. in 
undiagnosed persistent of recurrent abnormal bleeding frem the vagina. adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. if pathology has been excluded. time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual iregularity, should be done onty if necessary 
since this may increase the risk of thromboembolic disease. Women with a past history of sligomenorrhea of secondary amenorrhea gr 
young women without regular cycles may have a tendency ta remain anovulatory or to became amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibitity and encouraged to use other contraceptive methods. 
Pest-use anovulation, possibly prolonged, may also occur in women without previous ireguiarities, 

1]. Ertop Pregnancy. Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding. OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
Quality of the breast milk. Furthermore, a smali fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. i feasible, the use of OCs should be 
deferred until the infant has been weaned. 

Precautions—GENERAL— 1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
ang periadic physical examinations should include special reference ta blood pressure. breasts, abdomen and pec organs, 
including Papanicolaou smear and relevant laboratory fests. As a general rule, OCs shouid not be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen- progestogen preparations, 
preexisting uterine letomyomata may increase in size. 3 Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking GCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom ts drug-related. 4 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with caretul monitonng. in patients 
with concitions which might be aggravated by fluid retention. such as convulsive disorders, migraine syndrome, asthma. or cardiac of 
renal insufficiency 5. Patients with a past history ot jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs. the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired hiver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The 
clinical significance of this is yet to be determined. 8 Serum folate levels may be depressed by QC therapy. Since the pregnant woman 
is predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing gestation, it 1s 
possible that if a woman becomes pregnant shortly after stopping OCs. she may have a greater chance of developing folate deficiency 
and complications attributed te this deficiency 9. The pathologist should be advised of OC therapy when relevant Specimens are 
submitted. 10. Certain endocrine- and liver-turction tests and bined components may be affected by estragen-contamning OCs. a. 
increased sulfobromophthalein retention. b. increased prothrombin and factors Vii, VIH, IX and X: decreased antithrombin 2. increased 
horepinephrine-induced platelet aggregablity c increased thyroid-binding globulin (TBG) leading to increased circulating total- 
thyroid hormone, as measured by protein-bound iodine (PRN. T4 by column or T4 by radioimmunoassay Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 
information for the Patieat-— See Patient Package Labeling 

Grug interactions —Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
nfampin. A similar association has been Suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracyciine. 
Carcinegenesis——See “Warnings” section fer information or the carcinogenic potential of OCs. 
Pregnancy-—Pregnancy Category X. See “Contraindications” and “Warnings.” 
Nursing Mothers—See “Warnings.” 

Adverse Reactions——An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism. coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
halal disease, benign hepatomas. congenital anomalies, 

here is evidence of an association between the following conditions and the use of OCs, aithough additional confirmatory studies are 
needed. mesenteric thrombosis. neuro-ocuiar lesions. E.g.. retinal thrombosis and optic neuntis. 

The following adverse reactions have been reported in patents receiving OCs and are believed to be drug-related. Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally. gastrointestinal symptoms (such as abdominal 
cramps and bioating); breakthrough bleeding: spotting: change in menstrual flow; dysmenorrhea: amenorrhea dunng and after 
treathent: temporary infertility after discontinuance of treatment. edema: chloasma or melasma which may persist. breast changes. 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion: possible diminution in lactation when given 
immediately postpartum: cholestatic jaundice, migraine: increase in size of uterine lexomyomata, rash (allergic); mental depression. 
reduced tolerance to carbohydrates: vaginal candidiasis. change in corneal curvature (steepening): intolerance to contact lenses, 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted. 
premenstrual-like syndrome, cataracts, changes in libide, chorea. changes in appetite. cystitis-like syndrome, headache. ner- 
vousness, dizziness. hirsutism, loss of scalp hair erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdose——Serious ill effects have not peen reported “bliowing acute ingestion of jarge doses of OCs by young children, 
Overdosage may cause nausea, and withdrawa! bleeding may occur in females. 
Dosage and Administration—To achieve maumum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyt Estradiol 
lablets— friphasic Regimen) must be taken exactly as directed and at intervals net exceeding 24 hours. (If Tri-Levien 1s first taken 
later than the first day of the first menstrua! cycie of medication or postpartum, contraceptive reliance should not be piaced on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses } or 2 brown. white or light-yellow tablets. she shouid also use another method of 
contraception until she has taken a tablet daily for ? consecutive days. 
For full details on dosage and administration see prescribing information and package insert. 
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Chorioamnionitis: Its association with pregnancy outcome and 


microbial infection 


P. A. Quinn, Ph.D., J. Butany, M.D., J. Taylor, M.D., and W. Hannah, M.D. 


Toronto, Ontario, Canada 


In a study of 33 cases of perinatal death, chorioamnionitis was observed in 57.6% compared with 5% of 
20 control cases (p < 0.001) and in 70.8% of cases with no morphologic cause compared with 22.2% of 
cases with a defined cause of death (p < 0.01). Chorioamnionitis was significantly associated with 
previous gestations (p < 0.01), prolonged rupture of the membranes (p < 0.001), prematurity (20 to 27 
weeks’ gestation) (p < 0.001), and low birth weight (<1000 gm) (p < 0.001) but not with elevated maternal 
white blood cell count or pyrexia. Overall, in patients with chorioamnionitis, the perinatal death rate was 
higher (p < 0.01); more stillbirths occurred compared with early neonatal deaths (p < 0.05), and there was 
a higher incidence of deaths with no defined cause (p < 0.01) compared with cases without 
chorioamnionitis. Ureaplasma urealyticum or pathogenic bacteria were isolated more frequently from 
villous tissue of placentas from cases with chorioamnionitis (p < 0.01) but not Mycoplasma hominis, 
Chlamydia trachomatis, or viruses. Furthermore, there was a higher prevalence of both elevated fetal 
antibody titer to U. urealyticum (p < 0.025) and fetal titers fourfold above maternal titers (p < 0.05) in 
cases with chorioamnionitis. The antibody responses and presence of microorganisms suggest that 
chorioamnionitis is associated with intrauterine infection and an associated increase in perinatal morbidity 


and mortality. (Am J OBSTET GYNECOL 1987;156:379-87.) 


Key words: Chorioamnionitis, perinatal death, pregnancy outcome, microbial infection, 


Ureaplasma urealyticum 


It has been believed that the intact placental mem- 
branes are a good barrier to ascending infections but 
this may be only partly true.' Depending on the study, 
reports indicate that between 5% and 40% of placentas 
show acute chorioamnionitis."'* Although the evidence 
for this has been equivocal, as microorganisms are iso- 
lated only in about 40% of cases,” * chorioamnionitis 
due to microbial infection is considered a significant 
cause of perinatal morbidity and mortality." It is pos- 
sible that the inability to culture mycoplasmas, viruses, 
chlamydia, anaerobes, and even some aerobes is due to 
inadequate sampling or improper culture techniques 
required for the isolation of these more fastidious mi- 
croorganisms. 

Often in examining a placenta histologically, one 
notes the presence of acute inflammatory cells in the 
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amnion, chorion, or umbilical cord. The significance of 
these polymorphonuclear leukocytes is questioned, that 
is, are they related to premature rupture of the mem- 
branes or microbial infection, or are they nonspecific? 
It has also been said that the presence of polymorpho- 
nuclear leukocytes is common in the first and second 
trimesters of pregnancy and that their presence is non- 
specific and not associated with pathogenic microor- 
ganisms.’ However, the presence of polymorphonu- 
clear leukocytes and acute chorioamnionitis may be due 
to different reasons. Our studies of perinatal death 
have shown a significant incidence of acute inflam- 
mation in the placenta and/or fetal lung in fatal cases 
compared with normal controls.’ Second, this inflam- 
mation and the corresponding detection of bacteria and 
Ureaplasma urealyticum occurred primarily in fatal cases 
with no other recognized cause of death. 

Previous studies examined either the placenta only** 
or the neonate.’ In this study the placenta, fetus- 
neonate, and maternal and fetal blood were exam- 
ined extensively. We undertook this study to deter- 
mine whether there is an association between chorio- 
amnionitis, microbial infection, and perinatal death 
on the basis of both perinatal deaths and normal 
term deliveries. Microbiologic and serologic tests were 
used to detect bacteria, mycoplasmas, viruses, and 
chlamydia. 
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m Material and methods 
i - Population studied. This prospective study was con- 
> dac at two University of Toronto teaching hospitals. 
An patients entered into the study were admitted either 
a, to. Women’s College Hospital (a hospital with a large 
high- risk pregnancy service and a regional perinatal 
unit) or to Toronto General Hospital, for delivery dur- 
__ ing the period June 1982 to February 1984. All patients 
were covered by a provincial health insurance plan. 
< Cases of perinatal death included fetal death in utero 
after 20 weeks’ gestation, or death of the neonate within 
48 hours after delivery. The study included all consec- 
utive cases with consent in which autopsy was per- 
formed on week days. The placenta was examined in 
detail and a complete autopsy performed. The majority 
of cases were cared for by obstetricians at the respective 
hospitals with details of the pregnancy easily obtained. 
In a minority of cases the patients were transferred to 
_ the Regional High-Risk Pregnancy Service (Women’s 
; College Hospital) just before delivery, and complete 
-clinical histories could not be obtained. 

The control group consisted of placentas taken from 
20 random cases of normal term deliveries, occurring 
on weekdays, to accommodate laboratory services. The 
criteria for inclusion of cases as normal controls con- 
sisted of a term delivery with rupture of the membranes 

_ of <24 hours and no history of reproductive failure or 
<= problems in the current pregnancy. All clinical histories 

a -were reviewed to determine the presence of maternal 

fever, to evaluate the white blood cell count, and to 
check the duration of ruptured membranes. 

_ For certain analyses the cases of perinatal death were 

‘divided into two groups: In group | were those with 

“anomalies” acceptable as a cause of death, such as mul- 
“tiple congenital abnormalities (Turner’s syndrome) or 
severe hydrops fetalis with acute polyhydramnios, plus 
~~ cases witha questionable anatomic cause of death, such 
< as congenital abnormalities complicated by prematur- 
ity. There were no cases in which abruptio placentae 
"was considered to be a significant factor. In group 2 
`: were those with “no anomalies” (morphologic or ana- 
a 'Tornical) that would be considered the cause of death. 
To examine the association of chorioamnionitis with 
n outcome and infection, the 53 cases were 
n -grouped and compared on the basis of the presence or 
-absence of chorioamnionitis, as defined below. 
Specimen collection. In the control group, samples 
of maternal and umbilical cord blood were collected at 
the time of delivery. A 3 cm cube of placenta was taken 
in the delivery suite with aseptic precautions and placed 
in a sterile container. All samples were taken to the 
microbiology laboratory as soon as possible and set up 
immediately. The placenta was sent to the department 
of pathology for histologic examination, and the fetus 
oS or neonate was submitted for autopsy. A maternal 


















blood sample was requested. At autopsy, ‘blood sa nples A 


drawn from the fetus, placental tissue, and other post- 
mortem specimens were submitted for microbiologic 
studies. A few cases were omitted when the fetus was 
severely macerated and the tissues badly autolyzed. If 
the fetus was of very low birth weight and the fetal 
blood sample could not be obtained or was hemolyzed, 
the case could not be adequately examined. 

Pathologic examination. For the gross examination 
each placenta was weighed after “standardization,” that 
is, the placental cake along with a 2 cm rim of mem- 
branes and 5 cm stump of umbilical cord. This was 
done to avoid differences in weight due to variations 
in cord lengths. The placenta, cord, and membranes 
were examined in detail. A comprehensive autopsy was 
performed in each case beginning with an external ex- 
amination and followed by examination of the viscera. 

Histologic examination. For histologic examination 
of the placenta, five blocks were taken from each pla- 
centa, including one strip of free membranes and 
umbilical cord and four full-thickness blocks of the pla- 
cental cake. Histologic sections were stained with he- 
matoxylin and eosin, and when evidence of inflam- 
mation was seen, sections were stained for bacteria 
(Gram and Gomori methenamine silver stains). 

The histologic criterion used for acute inflammation 
of the placenta (chorioamnionitis) was the presence of 
accumulations of polymorphonuclear leukocytes ex- 
tending through the fetal membranes and/or the um- 
bilical cord.” Polymorphonuclear leukocytes were gen- 
erally seen in the chorionic plate, under the amnion, 
and at times in the intervillous space under the cho- 
rionic plate. All histologic sections of the placenta were 
examined by one of us without knowledge of the mi- 
crobiologic findings J. B.). 

Microbiologic methods. The placental tissue was 
surface sterilized by burning with alcohol and cut open 
through the chorionic surface. A block of villous tissue 
was removed from the inside for culture to avoid sur- 
face contamination and obtain an indication of micro- 
organisms actually present in the placental substance. 
For bacteria, this piece of placenta was minced lightly; 
a Gram stain was done, and the specimen was inocu- 
lated on media to isolate aerobic and anaerobic bacteria 
and fungi as previously described.’ For mycoplasmas, 
the tissue specimens were lightly minced, not ground, 
and inoculated into two broth and agar culture systems 
for the isolation of large colony mycoplasmas and 
U. AA Torei ae ‘Serial Jess were 
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Fig. 1. Acute chorioamnionitis. Histologic section of the fetal surface of the placenta showing acute 
choricamnionitis. There is an infiltration of the amnion and the chorion by polymorphonuclear 


leukocytes. (Original magnification x 100.) 


streptomycin (50 pg/ml), and nystatin (25 pg/ml) for 
the isolation of chlamydia in cycloheximide-treated 
HeLa cells. The tissues were frozen at — 70° C and 
set up for the isolation of viruses in skin fibroblasts, 
green monkey kidney, and HeLa 293 cells." 
Serologic methods. A modified metabolic inhibition 
test? was used to measure the patient’s antibody re- 
sponse to eight serotypes of U. urealyticum and Myco- 
plasma hominis strain PG-21. Any sera showing nonspe- 
cific inhibition to all serotypes was excluded. Antibody 
titers to Chlamydia trachomatis were detected by the mi- 
creimmunofluorescence test.’ The hemagglutination 
test was used for rubella, the complement fixation test 
for cytomegalovirus and herpes simplex virus, and the 
neutralization test for enterovirus and coxsackie vi- 
rus B." For U. urealyticum an antibody titer of 21:32, 
for M. hominis a titer of 21:8, and for chlamydia and 
viruses a titer 21:64 was scored as elevated. Rubella- 
positive titers were excluded. When limited sera were 
available, priority was given to the mycoplasma titers. 
Statistical methods. Comparisons were made be- 
tween chorioamnionitis-positive versus chorioamnion- 
itis-negative placentas. In each test of significance, the 
X test, corrected for continuity, was used. For groups 
with small numbers, Fisher’s exact test was used and 


= performed at a 5% level of significance in both tails of 
-> . the distribution. For borderline values, the exact p value 


A l ‘is given. 





Results 


Chorioamnionitis in cases of perinatal death versus 
controls. Of the 53 placentas examined, chorioam- 
nionitis was found in 20 (Figs. 1 and 2). Since there 
was greater evidence of infection in cases of perinatal 
death,’ the significance of placental chorioamnionitis 
was assessed. The data presented in Table I clearly show 
a higher incidence of 57.6% in cases with chorioam- 
nionitis in the perinatal death group compared with 
5% in the control group (p < 0.001), The perinatal 
deaths were then divided into two groups, those with 
“anomalies” that were a possible cause of death and 
those with “no anomalies” or no morphologic cause of 
death. Among those with no anomalies, chorioamnio- 
nitis was observed in 74.9% of cases compared with 
12.5% of cases with no anomalies (p < 0.01). 

Among the cases of perinatal death examined for the 
presence of microorganisms, U. urealyticum was isolated 
from 57.9% and pathogenic bacteria from 26.1% of 
placentas compared with 10% and 0%, respectively, in 
control placentas (p < 0.01 and p < 0.05). There were 
no significant isolations of M. hominis, viruses, or 
C. trachomatis. When the perinatal deaths were assessed, 
most of the U. urealyticum isolations came from placen- oe 
tas in the group with no congenital anomalies (p< 
0.05). The isolation of pathogenic bacteria and M. kom- 
inis occurred more often in the same group but was not 
statistically significant.. | = 
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Fig. 2. Higher magnification of Fig. | shows that most of the inflammatory cells are polymorpho- 
nuclear leukocytes with a few macrophages (arrowhead). (Original magnification x 400.) 


Table I. Incidence of microorganisms isolated from the placenta: Perinatal deaths versus controls 

















Choricamnionitis 
positive 


Pathogenic 


Status hacteria 


Control 1/20 0/20 
Perinatal death 19/33 6/23 
p Value <0.001 <O.05 
Cause of death 
Anomalies 2/9 1/5 
No anomalies 17/24 5/18 
p Value <0.01 NS 


ND = Not determined. 
*In four cases the tissues were toxic to the cell cultures. 


These observations support the concept that cho- 
rioamnionitis associated with U. urealyticum and patho- 
genic bacteria are important factors in perinatal death, 
particularly among the 72.7% of cases with no other 
morphologic cause of death. In addition, when the sur- 
face of the placenta is carefully decontaminated, few 
bacteria are isolated, and only 10% of control placentas 


from normal term delivery with no previous history of 


reproductive failure have U. urealyticum in our popu- 
lation. 

Correlation of chorioamnionitis with obstetric his- 
tory. The obstetric history of patients with and without 
chorioamnionitis is outlined in Table H. Among the 53 
patients studied, 20 had chorioamnionitis and 33 did 
not. Chorioamnionitis was observed significantly more 
often in women with previous pregnancies than in pri- 





U. urealyticum 






Mycoplasmas 














M. hominis Viruses Chlamydia 








2/20 0/20 ND 0/20 
10/23 1/23 0/10* 0/9* 
<0.01 NS _ NS 

O/5 0/5 0/4 | 0/3 
10/18 1/18 0/6 (0/6 
<0.05 NS NS NS 


migravid patients. There was no difference in the num- 
ber of previous losses or previous living children with 
this size population. 

Correlation of chorioamnionitis with gestational 
age and birth weight. The distribution of gestational 
age and birth weight is examined in Table HI. There 
was a significantly higher number of very premature 
fetuses (20 to 27 weeks’ gestation) among women with 
chorioamnionitis (p < 0.001) and correspondingly with 
birth weights <1000 gm (p < 0.001) than among the 
women with normal placentas. In the chorioamnionitis- 
negative group, 66% of the fetuses-neonates were >38 
weeks of gestational age, and 69.6% had birth weights 
22500 gm. Since all the control infants and many of 
the stillborn infants with congenital anomalies were de- 
livered near term and. were mainly chorioamnionitis 
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Table II. Correlation of chorioamnionitis with obstetric history 


Primigravid 


women 


Chorioamnionitis positive 
Chorioamnionitis negative 
p Value 





No. of 
previous losses 


Multigravid women 
No. of previous 


living children 


i 7 2 
<0.01 NS NS 





Table III. Correlation of chorioamnionitis with gestational age and birth weight 


| Gestational age | Gestational age 


Birth weight 


No. of ee a l E 7 >38 <] ~ 1 ge -2499 pig 
Cases wh 
Chorioamnionitts 
positive 
Chorioamnionitis 33 5 4 22 4 6 23 
negative 
p Value <0.001 NS NS <0.00] NS 


Table IV. Correlation between chorioamnionitis and clinical parameters 





Chorioamnionitis positive 12/19 7/19 
Chorioamnionitis negative 15/31 5/31 
p Value NS NS 


negative, the higher gestational ages and birth weights 
would be expected. 

Correlation of chorioamnionitis with clinical pa- 
rameters. Clinical evidence of chorioamnionitis may in- 
clude elevated white blood cell count and pyrexia. In 
this population there was no significant elevation in 
white blood cell count, even at #13 x 10°/dl, or pyrexia 
among chorioamnionitis-positive compared with cho- 
rioamnionitis-negative women in Table IV. However, 
chorioamnionitis did occur significantly more often in 
women with rupture of the membranes of 224 hours 
(p = 0.00013). Thus, in this study, elevated white blood 
cell count and pyrexia were not significant indicators 
of underlying chorioamnionitis. On the other hand, in 
10 patients with prolonged rupture of the membranes, 
five had white blood cell counts of 213 x 10%/dl, and 
three had pyrexia. There seems to be more of an as- 
sociation with clinical evidence of infection in bacteria- 
positive cases than in mycoplasma-positive cases.° At 
most, 26% of women in the group with chorioamnion- 
itis and none of the control subjects had evidence of 
“clinical” infection before delivery. 

Correlation of chorioamnionitis with pregnancy 
outcome. The population studied included fetal-neo- 
natal deaths and normal term neonates. When the 


Elevated white blood cell count 
=]1 x 107/L 213 x IQIL 






Prolonged rupture 
of membranes 
(224 hr) 








pregnancy outcome is examined in relation to cho- 
rioamnionitis, one would expect an even distribution 
of outcomes; that is, neonatal deaths or congenital 
anomalies would occur equally in each group. This was 
the case among the chorioamnionitis-negative group, 
as shown in Table V, the number that survived versus 
the number that died and the number of neonatal 
deaths versus the number of stillbirths being about 
equal. However, among the chorioamnionitis-positive 
cases significantly more deaths occurred (p < 0.01), 
and more were associated with stillbirth (p < 0.05) than 
with early neonatal death. 

Correlation of chorioamnionitis with isolation of 
microorgansims. To determine the correlation be- 
tween chorioamnionitis and the presence of microor- 
ganisms, a wide spectrum of cultures was done on the 
villous tissue to obtain a true indication of microorgan- 
isms actually in the placental tissue. Two approaches 
were used to address the question; higher virulent 
strains only and all bacteria isolated were used in the 
analyses. As outlined in Table VI, U. urealyticum and/ 
or pathogenic bacteria were isolated more often from 
the placenta in chorioamnionitis-positive cases than in 
negative cases (p < 0.01). Analysis of a greater number 
of cases is required to clarify the status of each alone. 
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Table V. Correlation between chorioamnionitis and a aan outcome 


Cause of death 
ee ae With Without 
surviving death Stillbirth anomalies anomalies 
Chorioamnionitis positive 
(n = 20) 
Chorioamnionitis negative 19 14 7 7 7 7 
(n = 33) 
p Value <0.01 NS <0.05 NS <0.01 





Table VI. Correlation between chorioamnionitis and the isolation of microorganisms 









) Batea | 
Bacteria or 
U. urealyticum i Viruses Chlamydia ureaplasma 
Chorioamnionitis positive 7/14 4/14 4/14 0/4 0/5 10/14 (71.4%) 
Chorioamnionitis negative 5/29 1/29 7/29 0/6 0/24 8/29 (27.6%) 
p Value 0.064 0.065 NS NS NS <0.01 


Table VII. Correlation between chorioamnionitis and elevated antibody responses 
Elevated antibody titers to 


U. urealyticum* M. | M. hominis? | O Virusest | Chlamydiat 


Fetus 4 X 
Fetus above mother Mother Fetus Mother Fetus Mother Fetus Mother 


Chorioamnionitis positive 9/12 717 8/14 1/12 0/14 0/5 3/11 0/6 0/11 
Chorioamnionitis negative 8/29 12/25 9/26 3/28 2/26 5/20 5/20 3/20 2/20 
p Value <0.025 <0.05 NS NS NS NS NS NS NS 


*Elevated titer taken as #1:32 to one or more U. urealyttcum serotypes 1 to 8. 
Elevated titer taken as 1:8 to the standard strain PG-21. 





tElevated titer taken as =1:64 for viruses and chlamydia. 


Among the five cases considered to have pathogenic 
bacteria, one had §-hemolytic streptococci, Lancefield 
group B, alone, one had Staphylococcus aureus, Pseu- 
domonas aeruginosa, and Bacteroides melaninogenicus; and 
one each had Citrobacter freundi and B. melaninogenicus. 
M. hominis was isolated only once from a contro! patient. 
Overall either pathogenic bacteria and/or U. urealyticum 
isolated from 71.4% of chorioamnionitis-positive cases 
compared with 27.6% of chorioamnionitis-negative 
cases (p < 0.01). The combined presence of these or- 
ganisms was previously documented.* Viruses or chla- 
mydia were not isolated from the placenta in this study. 
In our experience, C. trachomatis has been isolated only 
once from 250 placentas cultured. This occurred in a 
term pregnancy in a patient with successful manage- 
ment of premature onset of labor (unpublished obser- 
vations). These observations suggest that there is a cor- 
relation between the presence of inflammation in the 
placenta and the isolation of U. urealyticum and patho- 
genic bacteria. 

Among the chorioamnionitis-negative group there 
were six additional cases in which strains considered to 


be of low virulence were isolated. These included one 
with Streptococcus faecalis, Staphylococcus epidermidis, and 
Candida albicans, one with S. epidermidis and enteric 
streptococci, and ones with Bacteroides vulgaris, Clostrid- 
tum sp., Streptococcus viridans, and Escherichia colt. In all 
cases, these yielded only a few colonies, compared with 
a heavy growth of the more pathogenic stains. If the 
presence of all bacteria is included, there is no signif- 
icant difference in the isolation rate, 28.6% versus 
24.1%, between chorioamnionitis-positive and -nega- 
tive cases. Perhaps the specific species, the actual con- 
centration of organism, the location of bacteria, and 
the combination of bacteria with U. urealyticum are the 
important factors in understanding the association of 
chorioamnionitis with microorganisms. 

Correlation of chorioamnionitis with elevated an- 
tibody titers. Another aspect of examining fetal-ma- 
ternal infection was to assess the antibody responses in 
cases with and without chorioamnionitis. As shown in 
Table VII, the prevalence of elevated antibody re- 
sponse to U. urealyicum at a titer of =1:32 was 75.0% 
in fetuses from pregnancies with chorioamnionitis com- 
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pared with 27.6% in control pregnancies (p < 0.025). 
The prevalence of elevated ureaplasma antibody in the 
mothers with chorioamnionitis was 57.1% compared 
with 34.6% in those without (NS). Since maternal im- 
munoglobulin G could cross to the fetus, the prevalence 
of a fourfold higher fetal titer above the maternal titer, 
suggestive of fetal immunoglobulin M response, was 
determined. Among chorioamnionitis-positive cases 
with complete serologic evaluation, the fetus had a four 
times higher titer than the mother in 100% of the cases 
compared with 48% in the chorioamnionitis-negative 
cases (p < 0.05). These observations suggest that in 
cases of chorioaminionitis, the fetus produces antibody 
indicative of intrauterine infection with U. urealyticum. 
In cord sera from normal term gestations, only 6.5% 
of neonates have titers =1:32 and 2.2% have titers 
fourfold above maternal levels.” | 

An antibody responsé to M. hominis with the use of 
the metabolic inhibition test and strain PG-21 was de- 
tected in five cases, all controls. This correlates with the 
low isolation rate of M. hominis in this study. On the 
other hand, the use of strain PG-21 may not be ade- 
quate to detect antibody responses to all serotypes 
(Quinn PA, et al., paper presented at the Sixth Inter- 
national Congress of the International Organization 
for Mycoplasmology, Birmingham, Alabama, August 
22-31, 1986). An elevated fetal and maternal antibody 
response to viruses and chlamydia (=1:64) occurred 
more often in the chorioamnionitis-negative group 
than in the positive group. 


Comment 

Whether the inflammatory response obsérved in the 
placenta is due to infection is a much debated point. 
Infection can occur through intact membranes with 
monilia,’ U. urealyticum, and M: hominis resulting in 
clinically silent chronic intrauterine infection charac- 
terized by an intense inflammatory response. Infection 
can also occur with rupture of the membranes as €x- 
tensively documented.* 

In determining the cause of perinatal death, no mor- 
phologic cause can be documented at autopsy of the 
fetus in nearly two thirds of cases.*5  Naeye et al.” 
reported that acute chorioamnionitis occurred in 53% 
of stillbirths and early neonatal deaths. Among these 
chorioamnionitis-positive cases, 45 of 48 infants were 
born prematurely and 42 of 48 died in the perinatal 
period, of causes associated with prematurity and no 
anatomic cause of death. In our previous studies, an 
increased incidence of inflammation in the placenta 
arid/or fetal lung and a higher isolation rate of U. urea- 
lyiicum were observed in perinatal deaths compared 
with controls, especially among those with no anatomic 
cause of death.’ 

In the present study, chorioamnionitis was observed 
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in 57.6% of 33 perinatal deaths, and only 5% of normal 
term deliveries among’ women carefully documented 
to have no previous history of pregnancy loss or pre- 
mature delivery. Furthermore, 70.8% of chorioam- 
nionitis-positive placentas occurred among cases with 
no cause of death versus 22.2% of cases with other 
causes. Although evidence of infection is observed 
more often in cases with no clear-cut cause of death, it 
is also seen in 20% of those with other problems. Per- 
haps in the latter cases the infection is a contributing 
factor in the death of the fetus. These observations all 
support the concept that chorioamnionitis associated 
with U. urealyticum, alone or in combination with bac- 
teria, is a major factor in intrauterine infections asso- 
ciated with perinatal morbidity and mortality. 

What causes chorioamnionitis is a controversial sub- 
ject because of the diversity of microorganisms isolated, 
often of low virulence, ** and the concept that non- 
specific placental inflammation may occur.’ It has been 
reported that a significantly higher rate of poor out- 
comes occurred when genital mycoplasma, particularly 
U. urealyticum, were isolated from placentas.® Isolation 
of U. urealyticum has been associated with an increased 
incidence of chorioamnionitis, low birth weight, spon- 
taneous abortion, and stillbirth, as well as early neonatal 
death and morbidity, but not prolonged rupture of the 
membranes.” * '* The latter observation fits with the 
concept of á chronic, silent chorioamnionitis occurring 
before rupture of the membranes with genital myco- 
plasmas. å 

Pankuch et al.,° in a study looking for aerobic and 
anaerobic bacteria and chlamydia, found positive bac- 
terial cultures in 72% of placentas having evidence of 
chorioamnionitis while only 15% of placentas not hav- 
ing histologic evidence of chorioamnionitis had positive 
cultures. About 50% of their positive cultures were as- 
sociated with anaerobic bacteria. In our previous report 
on microbial infection in perinatal deaths,’ one of the 
most significant findings was that the perinatal deaths 
were associated with a mixed spectrum of bacteria, gen- 
ital mycoplasma, and viruses. In only one of 12 bacteria- 
positive cases were no other organisms isolated. How- 
ever in 1] of 20 mycoplasma cases no other bacteria 
were found. As our data and Naeye’s* suggest, diverse 
microorganisms, perhaps of lower virulence but in 
combination with for example U. urealyticum, may be 
significant. Overall, we found that 71.4% of chorioam- 
nionitis-positive cases had U. urealyticum or other patho- 
genic bacteria without strict anaerobic cultures being 
done, compared with 17.6% of the chorioamnionitis- 
negative cases. Thus the actual incidence of microor- 
ganisms in chorioamnionitis-positive placentas may be 
even higher than 72% if cultures could be done for all 
fastidious organisms at once. 

On the other hand, in the studies of Svensson et al., 
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no correlation between chorioamnionitis and bacteria 
were found in placentas with delivery by cesarean sec- 
tion. The authors did not clearly set out the indications 
for the cesarean sections nor did they give the exact 
duration of pregnancy, except that in 18 cases the de- 
livery was premature (before the thirty-seventh week). 
If organisms such as U. urealyticum are associated with 
spontaneous loss and prematurity, then the control 
population should have no previous history of prob- 
lems that may be associated with infection. However, 
histologic chorioamnionitis did correlate with maternal 
or neonatal infection. In their study, the placental sur- 
face was not decontaminated. Few details were given 
on how M. hominis was isolated and no details were 
given for the isolation of U. urealyticum. This is a crucial 
point because mycoplasmas are not readily isolated 
from ground tissue commonly used to detect bacteria." 
They reported that in no cases were U. urealyticum or 
M. hominis isolated and only 14% of patients had cer- 
vical cultures that were positive for ureaplasmas. This 
incidence appears very low since reports on female col- 
onization with U. urealyticum vary from 20% to 80% of 
pregnant women." In our studies, U. urealyticum is iso- 
lated from 10% of the placentas of normal deliveries 
among women with no previous history of pregnancy 
loss or prematurity’ and 20% of any term gestations 
(Grundman H, Milligan J, Shennan A, et al. The as- 
sociation of Ureaplasma urealyticum with preterm birth, 
presented at the Forty-second Annual Meeting of The 
Society of Obstetricians and Gynaecologists of Canada, 
Charlottetown, Prince Edward Island, June 23-27, 
1986). When we analyzed all cases with bacteria iso- 
lated, including those with scanty growth of any or- 
ganisms, we also found no association with chorioam- 
nionitis. Perhaps the key to understanding the associ- 
ation of microorganisms in chorioamnionitis is to 
examine not only the bacterial species isolated but also 
their concentration and presence with other organisms 
such as U. urealyticum. 

Mueller et al., in.a study of 124 stillbirths or early 
neonatal deaths, reported that only 35% had structural 
physical abnormalities associated with achromosomal, 
single-gene, or polygenic disorders. Thus histologic ex- 
amination of tissues obtained at autopsy is not neces- 
sary. In view of the high yield of chorioamnionitis in 
our study cases and its association with positive cultures, 
we feel that it definitely is of value. We agree with 
Naeye’ that histopathologic analysis of autopsied tis- 
sues, particularly the placenta, can provide answers to 
many questions. In addition to providing a morpho- 
logic explanation for the perinatal loss, it can help to 
assuage the family’s feeling of guilt about their role (if 
any) in the stillbirth. This in itself is significant when 
no cause of death is found in 65% to 70% of cases.* 

In such studies of human disease one cannot prove 
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causation but only observe and accumulate supportive 
evidence. The isolation of organisms does not prove 
that they cause the pathologic lesion or fetal death. 
However, isolation of an organism, evidence of an in- 
flammatory response in the placenta, and development 
of a fetal antibody response are strong evidence of in- 
fection in a given pregnancy, indicative of an association 
between the presence of infection and the stillbirth. 
The strongest evidence comes from the bovine model, 
where Ureaplasma diversum is also associated with re- 
productive failure, endometritis, and salpingitis. When 
U. diversum was experimentally inoculated into the am- 
niotic fluid of pregnant heifers, it induced abortion and 
premature delivery of a calf with only respiratory dis- 
ease in all cases.'” '* The calves exhibited patchy alveo- 
litis similar histologically to that reported in humans.’* 
These data certainly prove that in bovines, U. diversum, 
a very closely related species, causes infection in preg- 
nancy, leading to spontaneous abortion, placentitis, and 
prematurity with neonatal respiratory disease. 

~ In conclusion, our study shows that chorioamnionitis 
is a significant finding in cases of stillbirth. In a large 
number of cases it is associated with positive cultures 
of U. urealyticum and pathogenic bacteria, which often 
occur together.” Chorioamnionitis is also positively as- 
sociated with a significant incidence of prematurity, low 
birth weight, and a poor outcome of pregnancy. On 
the basis of our results, we strongly recommend that 
in all cases of perinatal death a complete autopsy, in- 
cluding examination of the placenta, be done. In each 
case comprehensive cultures of the placenta and se- 
rologic studies on maternal and fetal blood, where pos- 
sible, should be an integral part of the investigation. 
Only in this manner can we get a clearer picture of the 
pathogenesis of choricamnicnitis and develop methods 
to diagnose and treat such women before the preg- 
nancy is lost. 
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Massive genital and vaginal vault prolapse treated by 
abdominal-vaginal sacropexy with use of Marlex mesh: 


Review of the literature 


Harold P. Drutz, M.D., and Lily S. Cha, M.D. 
Toronto, Ontario, Canada 


Two patients with massive procidentia and 13 patients with posthysterectomy vaginal vault prolapse 
underwent surgical procedures at Mount Sinai Hospital, Toronto, between May 1978 and February 1986. 
The standard procedure consisted of an abdominal sacropexy, with use of Marlex mesh to anchor the 
vaginal vault to the sacral promontory and retroperitonealization of the mesh. In 11 of the 15 patients, one 
or more concurrent procedures were performed at the same time. There were no intraoperative 
complications. One serious postoperative complication occurred, and one patient developed recurrent vault 
prolapse. Follow-up has been from 3 to 93 months with an average of 28 months. In 14 patients (93.3%) 
subjective and objective improvement was achieved. A review of the literature is presented {Am J OBSTET 


GYNECOL 1987;156:387-92.) 


Key words: Vault prolapse, abdominal sacropexy, Marlex 


Genital and vaginal vault prolapse is a distressing 
problem for the patient and the gynecologist. Besides 
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causing discomfort with sitting, walking, and inter- 
course, vault prolapse interferes with bladder function 
and predisposes the patient to recurrent urinary tract 
infections and possible renal problems by ureteral ob- 
struction. 

Apart from the use of supportive pessaries, treat- 
ment is surgical. The aim in correction is to (1) restore 
the normal vaginal axis, (2) maintain existing vaginal 
length, and (3) provide permanent cure. Review of the 
literature reveals that there have been no less than 43 
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Table I. Patient profiles 


Age at time | Month/year of i 
of operation operation Operative procedure 






Previous major gynecologic operation 





L. R. 65 May 1978 i. Right salpingo-oophorectomy 1. Vaginal hysterectomy, anterior and 
2. Burch retropubic colpourethropexy posterior colporrhaphy 
3. Vault suspension (Marlex) 
C. R. 60 Oct 1978 1. Vault suspension (Marlex) 1. Total abdominal hysterectomy, bi- 
. lateral salpingo-oophorectomy 
2. Marshall-Marchetti-Krantz 
L. H. 63 Nov 1978 1. Vault suspension (Marlex) 1. Total abdominal hysterectomy 
2. Burch retropubic colpoure- 
thropexy ` 
3. Colporrhaphy 
E. W. 57 Jan 1979 1. Total abdominal hysterectomy, bilateral 
) salpingo-oophorectomy 
2. Partial vaginectomy 
3. Vault suspension (Marlex) 
4. Burch retropubic colpourethropexy 
A. P. 68 Nov 1980 1. Partial vaginectomy 1. Total abdominal hysterectomy, bi- 
2. Vault suspension, presacral peritoneum lateral salpingo-oophorectomy 
not opened (no mesh) 2. Pereyra 
l 3. Burch retropubic colpoure- 
thropexy 
M. R. 59 Sept 1980 1. Vault suspension (mesh) 1. Total abdominal hysterectomy, bi- 
lateral salpingo-cophorectomy 
2. Burch retropubic colpoure- 
thropexy 
A. T. 49 Jan 1981 1. Total abdominal hysterectomy, bilateral 
salpingo-oophorectomy 
2. Partial vaginectomy 
3. Vault suspension (Marlex) 
4. Burch retropubic colpourethropexy 
A. S. 64 Apr 1982 1. Burch retropubic colpourethropexy l. Vaginal hysterectomy, anterior and 
2. Internal anterior repair posterior colporrhaphy 
3. Vault suspension (Marlex) 2. Anterior suburethral Marlex sling 
L. G. 52 May 1982 1. Internal anterior repair l. Anterior and posterior colpor- 
. 2. Vault suspension (Marlex) rhaphy 
2. Total abdominal hysterectomy, bi- 
lateral salpingo-oophorectomy 
3. Marshall-Marchetti-Krantz 
M. B. 82 Oct 1982 I. Bilateral salpingo-oophorectomy 1. Vaginal hysterectomy, anterior and 
2. Burch retropubc colpourethropexy posterior colporrhaphy 
3. Internal anterior repair | 
4. Vault suspension (Marlex) | 
W.E. 65 Nov 1982 1. Burch retropubic colpourethropexy 1. Total abdominal hysterectomy, bi- 
2. Vault suspension (Marlex) lateral salpingo-oophorectomy 
2. Anterior and posterior colpor- 
rhaphy 
3. Marshall-Marchetti-Krantz 
4. Pereyra 
K.G. 54 Aug 1983 1. Vault suspension (Mersilene) 1. Vaginal hysterectomy, anterior and 
l posterior colporrhaphy 
2. Anterior and posterior colpor- 
rhaphy l 
3. Combined Marlex sling 
B. T. 47 June 1985 1. Bilateral salpingo-oophorectomy 1. Total abdominal hysterectomy, 
2. Vault suspension (Marlex) Marshall-Marchetti-Krantz 
| . 2. Combined abdominovaginal Mar- 
lex sling 
3. Posterior cclporrhaphy 
S.C. 77 Jan 1986 1. Burch retropubic colpourethropexy 1. Total abdominal hysterectomy, bi- 
2. Internal anterior and posterior repair lateral salpingo-oophorectomy 
3. Vault suspension (Marlex) j 
L.G. 65 Feb 1986 1. Right salpingo-oophorectomy 1. Total abdominal hysterectomy, left 
2. Burch retropubic colpourethropexy salpingo-oophorectomy 
3. Vault suspension (Marlex) 2. Anterior suburethral Marlex sling 
well-documented descriptions of operations for vaginal This article reviews the results of some of these op- 
vault suspension.’ Materials used for suspension have erative procedures and describes one technique for cor- 
varied considerably: external oblique fascia, fascia lata, rection of vaginal vault prolapse. It also demonstrates 
Mersilene, Marlex (Davol Rubber Co., Providence, how correction of other genitourinary defects can be 


Rhode Island), and Teflon meshes. performed at the same time. 
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Parity Last follow-up 


2 February 1986 

5 November 1979 
2 November 1982 
3 November 1980 


ro 


February 1981 


4 December 1982 
4 | December 1983 
0 February 1986 
8 March 1986 

4 December 1984 
3 March 1983 

4 April 1986 

3 March 1986 

2 April 1986 

2 April 1986 


Materia] and methods 


Two women with massive genital prolapse and 13 
women with posthysterectomy vaginal vault prolapse 
underwent corrective operations between May 1978 
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` Results of last visit 


Well-supported vault 
Grade I rectocele; well-supported vault 


Well-supported vault 


l 
1 
» 4} 


Grade I rectocele; well-supported vault 
Recurrent vaginal vault prolapse 


Well-supported vault 


Well-supported vault 


Well-supported vault 


Well-supported vault 

Well-supported vault 

Retroperitoneal psoas abscess, mesh removed 
(January 1983); well-supported vault 

Well-supported vault 


Well-supported vault 


Well-supported vault 


Well-supported vault; urge incontinence 





and February 1986. The average age was 61.8 years 
(range: 47 to 82 years) and the average parity was 3.2 
(range: 0 to 8). All patients were healthy and active, 
and 13 of the 15 patients had undergone one or more 
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Table II. Use of prophylactic antibiotics 


Febrile 
Prophylactic antibiotics Medical indication morbidity 
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Complication 

L. R. No None None None 
C. R No None None None 
L. H No None Yes Pneumonia 
E. W Cefazolin None Yes Basal atelectasis 
A. P No None Yes Basal atelectasis 
M.R No None None None 
A.T Cefoxitin None None None 
À. S Cefoxitin None None None 
L.C Vancomycin, strep- Mitral valve stenosis None None 

tomycin 
M. B No None Yes Wound infection 
W.E No None Yes Retroperitoneal abscess 
K.G Flagyl, netilmicin Mitral valve stenosis None None 
B.T Ampicillin, netilmicin Mitral valve stenosis None None 
5S C Cefoxitin None Yes Basal atelectasis 
LE Cefoxitin None Yes Basal atelectasis 


Table IJI. Overall results at follow-up at 3 to 


93 months (average, 28 months) 
No. of 
results % 


Recurrent vault prolapse (failure) l 6.7 
Postoperative complication ] 6.7 
Minor posterior wall defect 2 13.3 
Current success 14 95.3 


previous gynecologic operations (Table I). In all, 30 
gynecologic procedures had been performed on the 13 
patients before their admission for abdominal sacro- 
pexy. The two women who had not undergone a pre- 
vious gynecologic operation both had massive proci- 
dentia with uterus and vagina prolapsed well beyond 
the introitus, producing masses the size of watermelons. 
Both women had extracorporeal bladders, and one pa- 
tient developed bladder calculi from chronic urinary 
stasis. Prior to vaginal vault suspension, both women 
required total abdominal hysterectomy, partial vagi- 
nectomy, and retropubic colpourethropexy. 

Prophylactic antibiotics were used at the discretion 
of the senior author (H. P. D.). Seven patients received 
no prophylaxis, while eight patients received various 
antibiotics before and after the operation. Three of 
these eight patients had medical indications for pro- 
phylactic antibiotics (mitral valve prolapse) (Table II). 

Operative technique. While under general anesthe- 
sia, the patient was placed in the lithotomy position for 
insertion of a Foley catheter. The vagina was packed 
with a vaginal roll soaked in Proviodine. The patient 
was then placed in the supine position for cleansing 
and draping of the abdomen. If a retropubic colpo- 
urethropexy was planned, the patient was placed in the 
semiithotomy position. 

Concurrent procedures planned along with the vault 
suspension were performed first. Thus eight patients 
had retropubic colpourethropexies, four had internal 


anterior repairs (an equilateral triangle, approximately 
5 cm on each side, was excised from the anterior vaginal 
wall through the abdomen, the redundant bladder base 
was plicated, and the vaginal walls were closed with a 
running locked 1-0 chromic suture), two had abdominal 
hysterectomies, and three had partial vaginectomies. 

For the vaginal vault suspensions, the vaginal vault 
was freed up by dissecting the bladder anteriorly 
and the posterior peritoneum: inferiorly. Three to 
four 1-0 Tevdek sutures (Deknatel, Queens Village, 
New York) were placed in the posterior aspect of the 
vagina, with care taken not to penetrate the mucosa. A 
piece of Marlex mesh, approximately 5 by 8 cm, was 
attached to the vagina with the aid of the sutures. Next 
the rectum and sigmoid colon were mobilized to the 
left, and the parietal peritoneum over the sacral pro- 
montory was incised longitudinally. Care was taken to 
expose the median sacral artery and vein and to identify 
the right ureter and iliac vessels, thereby avoiding op- 
erative injury. Three to five Tevdek sutures were placed 
through the anterior longitudinal ligament of the spine, 
and these were attached to the other end of the mesh. 
The mesh was trimmed and the peritoneum closed over 
the mesh (Figs. 1 and 2}. The peritoneum over the 
paracolic gutters was also closed with 2-0 chromic 
suture. 

In one patient, A. P., the vaginal vault was so long 
that it readily reached the sacral promontory. The pre- 
sacral peritoneum was not opened, and the sutures 
were placed directly through the peritoneum into what 
was thought to be the ligamentous tissue covering the 
sacrum without using any mesh. 


Results 


All operations were performed by one of us 
(H. P. D.). Follow-up time is 3 months to 93 months 
(mean, 28 months). There was one surgical failure in 
the patient who had the vaginal vault suspension 
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Fig. 1. Sagittal view showing mesh fixed to back of vagina and 
anchored to presacral fascia. 


without mesh and without opening of the presacral 
peritoneum (A. P.). Vaginal vault prolapse recurred 
6 months after operation. This patient was subse- 
quently operated upon at another center, where an 
obliterative vaginal procedure was performed which 
corrected the defect but left her with a shortened non- 
functioning vagina. 

One postoperative complication developed 3 weeks 
after operation in a patient who had a retroperitoneal 
colpourethropexy and vaginal vault suspension (W. E.). 
Fever and abdominal pain prompted a gallium scan, 
which showed bilateral retroperitoneal collections of 
pus. At operation, pus was evacuated from both ilio- 
psoas muscles retroperitoneally, and cultures subse- 
quently produced Escherichia colt. The Marlex mesh 
appeared free from the infectious process but was re- 
moved, since being a foreign body, it was thought to 
be a potential nidus of infection. The patient fully re- 
covered, and the vaginal vault remained suspended. 

Two patients developed small enteroceles and rec- 
toceles. These did not cause any symptoms and have 
not been treated surgically. 

Two patients with massive genital prolapse did very 
well postoperatively, and at follow-up 2 years after 
their operation, had well-supported vaginal vaults 
(Table III). 

Use of prophylactic antibiotics appeared to decrease 
the incidence of febrile morbidity although not to a 
statistically significant degree. The infections in the ret- 
roperitoneal space and the abdominal wound occurred 
in patients who did not receive prophylactic antibiotics. 
At this point in time it is our clinical impression that 
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Fig. 2. View from above of vagina suspended to presacral 
fascia by Marlex mesh. 


prophylactic antibiotics should be used in this type of 
operation. 


Comment 


The present series of patients with vaginal vault pro- 
lapse represents an ongoing evaluation of the technique 
of abdominal suspension with use of Marlex mesh. The 
basic surgical technique has been described previously. 
Lane’ reported four patients in whom Marlex mesh 
was used in vaginal vault suspension, but only the distal 
ends of the mesh were retroperitoneal, predisposing 
the patient to bowel obstruction. Soichet* described two 
patients in whom he buried the mesh completely, and 
Grundsell* reported 11 patients in whom Marlex mesh 
was placed retroperitoneally to suspend the vault. He 
attained excellent results (no recurrences, one cys- 
tocele). 

Javey’® described a completely extraperitoneal ab- 
dominovaginal operation for vaginal inversion, with 
use of Mersilene mesh in 13 patients without compli- 
cations. 

In our series the sacral promontory is used as the site 
of fixation because it is technically easier to place su- 
tures through the anterior longitudinal ligament at 
this level. No problems with hemorrhage were en- 
countered. 

Suture placement at the hollow of the sacrum 
(S2-4)®7 is complicated by the presence of presacral 
venous and nerve plexus, and life-threatening hem- 
orrhage has been reported during this procedure.® 

It has been shown by Nichols?’ that the vaginal axis 
assumes an almost horizontal plane in its upper two- 
thirds, where it lies on top of the rectum and levator 
plate. When attached to the sacral promontory, the va- 
gina can still assume a normal axis because the mesh 
is not pulled taut. 
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Table IV. Review of literature 











Year of 
publication 













Authors Procedure 


Significant complications 








Lane 1962 Abdominal 20 Not reported 18/20 90 Not reported 
Birnbaum 1973 Abdominal 9 1-18 yr 9/9 100 7/8 = 87.5% nonfunc- 
Vaginal 8 tioning vagina; | in- 
continence 
Ridley 1976 Abdominovaginal 12 >] yr 12/12 100 Not reported 
' Nichols 1982 Vaginal 163 >2 yr 158/163 96.9 12/163 = 7.4%; 3 non- 
functioning vagina, 
5 recurrent pro- 
lapse, 2 sciatic nerve 
trauma, 1 laceration 
of rectum, 1 death 
(pulmonary 
embolism) 
Richter 1982 Vaginal 97 >10 yr 95/97 97.9 2 recurrent prolapse, 
(83.5%) 29 enterocele, recto- 
cele, incontinence 
Grundseli 1984 Abdominal 9 Average, 3.9 yr 9/9 100 1 cystocele 
Drutz, Cha 1987 Abdominal 15 3-93 mo; average, 14/15 93.3 l recurrent prolapse, 
(Marlex) 28 mo 1 retroperitoneal 
abscess 


Other techniques of posterior vaginal vault suspen- 
sion have tried to restore the normal vaginal axis. 
Transvaginal fixation of the vault to the sacrospinous 
ligament'® " (usually the right) restores the vaginal axis, 
but the technique can be fraught with difficulties. 
“Blind” placement of sutures can predispose the patient 
to injuries of pudendal vessels, sciatic nerve, urinary 
tract, and rectum. Also, the vagina may be shortened, 
impairing sexual function.® In the skilled hands of Ni- 
chols, however, this technique has given good results 
with few complications. Transvaginal fixation of the 
vault to the sacrotuberous ligament has been used in- 
frequently because of its technical difficulty. 

Table IV summarizes the results of these techniques 
of posterior suspension of the vaginal vault. Nichols" 
reported 12 complications in 163 patients including 
three patients with shortened vaginas, five with recur- 
rent prolapses, two with sciatic nerve trauma, and one 
with laceration of the rectum. One patient died as a 
result of postoperative pulmonary embolism. Ina series 
of 97 patients, Richter’? reported two recurrent vault 
prolapses and 29 patients who subsequently developed 
enterocele, rectocele, or urinary incontinence. Birn- 
baum® had no recurrent case of vault prolapse, but one 
patient developed urinary incontinence. Grundsell’ 
had complete success with his procedures, and only one 
patient of nine developed a cystocele. Lane? reported 
no complications in his short follow-up. 

In summary, we feel that abdominal sacropexy is an 
excellent technique for the treatment of vaginal vault 
and massive genital prolapse. The advantage of an ab- 
dominal versus a vaginal approach is seen in less in- 
traoperative injury to vessels, nerves, and bowel, since 


sutures can be placed under direct vision. Also, the 
abdominal approach allows for retention of vaginal 
length and strengthening of the pelvic floor and 
cul-de-sac. Coexisting defects of the vaginal wall can be 
corrected by internal anterior and/or posterior repair, 
and retropubic colpourethropexy can be performed for 
stress urinary incontinence at the same surgical setting. 
Marlex mesh has proved to be a strong and reliable 
synthetic bridge which we use frequently in suburethral 
slings and combined abdominovaginal slings for re- 
current stress urinary incontinence; it has not previ- 
ously been reported as a cause of infections. 
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Sacrococcygeal teratoma: Prenatal diagnosis and management 


Susan J. Gross, M.D., Ronald J. Benzie, M.B., Ch.B., Mathew Sermer, M.D., 
Martin B. Skidmore, M.B., and Stephanie R. Wilson, M.D. 


Toronto, Ontario, Canada 


Although sacrococcygeal teratoma is a rare and potentially malignant tumor, 10 cases were documented 
during a 5-year period at the University of Toronto Perinatal Complex. Diagnosis was made in the six 
cases in which prenatal ultrasound examination was performed. One patient with twins elected to 
terminate the pregnancy at 19 weeks. In three of the cases diagnosed prenatally, serial ultrasound was 
performed. There was a 75% cesarean section rate. In all cases diagnosed prenatally, the large tumor size 
affected the mode of delivery. In the four cases without prenatal diagnosis, two infants were delivered 
vaginally, and two were delivered abdominally for obstetric reasons. There was one case of neonatal 
morbidity where tumor vascularity and rupture resulted in hypovolemic shock. All tumors were resected 
and found to be benign. A plan of management is recommended and, with appropriate obstetric and - 
pediatric care, a good outcome can be anticipated in most cases. Cii J OBSTET GYNECOL 1987;156:393-6.) 


Key words: Teratoma, sacrococcygeal, pregnancy 


Sacrococcygeal teratoma is a congenital tumor arising 
from all three germ cell layers. It has an incidence of 
one to two per 40,000 deliveries’ with only isolated 
reports in the literature. The importance of neonatal 
diagnosis is twofold. Ten percent of these tumors may 
be malignant at the time of delivery.” They may grow 
to a large size, affecting fetal outcome and labor man- 
agement. The objectives of this study were to examine 
the prenatal diagnosis and the antepartum and intra- 
partum management with subsequent outcome. 


Methods 


Cases of sacrococcygeal teratoma during a 5-year pe- 
riod (from 1980 through 1985) from four tertiary re- 
ferral centers forming the University of Toronto Peri- 
natal Complex were studied retrospectively. Six cases, 
including one set of twins, originated from the complex 
itself, while four were referred from outlying hospitals. 
Prenatal assessment, diagnosis, fetal weight and sex, 
size of tumor, mode of delivery, and outcome were 
documented. A diagnosis of sacrococcygeal teratoma 
required histologic confirmation. 


Results 


A total of 10 cases were recorded, with one set of 
female twins and a female: male ratio of 9:1. In six of 
the cases, ultrasonographic diagnosis of sacrococcygeal 
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teratoma was made, a large-for-dates uterus being the 
indication for the ultrasound examination. No other 
phenotypic abnormalities were identified although 
there were three cases of polyhydramnios. Because of 
prenatal diagnosis of sacrococcygeal teratoma in both 
twins, one patient requested and obtained termination 
of pregnancy at 19 weeks (Figs. 1 and 2). The remain- 
ing four cases were diagnosed at the time of delivery. 
The maternal serum a-fetoprotein and amniotic fluid 
a-fetoprotein and acetylcholinesterase had not been 
tested. There was a 50% (four of eight) prematurity 
rate. The overall average gestational age was 35.5 + 4 
weeks. There was a 75% (six of eight) cesarean section 
rate. In the four cases where prenatal diagnosis was 
made by ultrasound, the presence of a large tumor 
(average volume 2340 + 1026 cm’) affected the mode 
of delivery. In none of these cases was the infant de- 
livered immediately after the diagnosis was made. In 
three of them, serial ultrasound examinations were per- 
formed and the fetus was delivered abdominally be- 
cause of an abnormal nonstress test, premature rupture 
of the membranes, and polyhydramnios, respectively. 
In the four cases without prenatal diagnosis, two infants 
were delivered vaginally. The average volume of these 
tumors was relatively small (average volume 317 + 197 
m’). The remaining two infants were delivered by ce- 
sarean section for obstetric reasons (transverse lie and 
failure to progress, respectively, Table I). 
_ Significant morbidity was seen in one case. Because 
of the large size and vascularity of the tumor, the infant 
developed hypovolemic shock during the resection 
operation resulting in subsequent pre—renal failure. 
Fig. 3 illustrates the size and vascularity of the teratoma. 
The infant received appropriate management and was 
normal at follow-up 2 years later. 
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Fig. 2. Long-axis ultrasound of twin B, showing large caudal multilocular cystic mass. 


There was one neonatal death secondary to prema- 
turity and one death at 3% years of age secondary to 
malignant endodermal sinus tumor, apparently unre- 
lated to the original lesion. 

The tumor was resected during the first week of life 
in surviving neonates and all the tumors were benign. 
No associated anomalies were found prenatally by ul- 
trasound or at subsequent operation, _ 


Comment 


Our series was consistent with some known features 
of sacrococcygeal teratoma. It is more common in fe- 
male infants (75% to 80%)? and there is concordance 


between twins.* As with many congenital malforma- 
tions, sacrococcygeal teratoma is associated with poly- 
hydramnios.* None of the tumors in our series, how- 
ever, were malignant. No associated anomalies of the 
lower vertebrae, anorectum, or genitourinary system 
were documented. 

With respect to prenatal diagnoses, while none of the 
cases were tested for elevated amniotic fluid a-fetopro- 
tein and acetylcholinesterase levels, these enzymes have 
been found to be elevated in sacrococcygeal teratoma, 
especially in the second trimester.> Although elevation 
of these enzymes would not likely have affected the 
diagnosis in these cases, further study in this area is 
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Fig. 3. Female newborn infant with sacrococcygeal teratoma, 32 weeks’ gestation, after cesarean 


section. 


Table I. Summary of cases of sacrococcygeal teratoma 


Gestational age 
at Giagnosis 









Fetal sex 


l F 5000 23 36 
2 F 2300 24 34 
3 (Twin A) F 19 19 
4 (Twin B) F 19 19 
5 F 4600 30 32 
6 F 2070 27 27 
7 F a060 40) 40 
8 M 5460 40 40 
9 F 2910 7 37 
10 F 3160 38 38 


‘Gestational age 
at delivery 











Tumor size at 
birth. (cm) 







Prenatal diagnosis 


Mode of delivery 








Ultrasonographic 27 by 15 by 8 Cesarean section 

Ultrasonographic 14 by 10 by 10 Cesarean section 

Ultrasonographic 1.5 by 1.5 Elective abortion 

Ultrasonographic 6 (diameter) Elective abortion 

Ultrasonographic 25 by lI by 13 Cesarean section 

Ultrasonographic 5 by 5 by 5 Cesarean section 
— 10 by 7 by 7 Vaginal 


Cesarean section 
Cesarean section 
Vaginal 


_ 17 by 15 by 17 
oo 5 (diameter) 
— 6 by 4 by 5 





warranted. As seen in our series, where no ultrasono- 
graphic errors were made, careful ultrasonography can 
be a very accurate method of prenatal diagnosis and 
assessment. The important differential diagnosis of 
meningomyelocele and to a lesser extent hemangioma 
should not be forgotten. 

We therefore recommend that, while a rare entity, 
sacrococcygeal teratoma should be suspected in a large- 
for-dates patient, and ultrasound examination should 
be performed in order to make the diagnosis prenatally. 
These patients should be evaluated by serial ultraso- 
nography to assess tumor size. Appropriate counseling 
at tne time of diagnosis is essential, not only in order 
to discuss possible termination but also to adequately 
educate and prepare parents for the impending labor, 
delivery, and management. 

The literature documents different modes of man- 
agement: (1) vaginal delivery," (2) cesarean section,’ (3) 
cesarean section after partial delivery because of dys- 
tocia,” (4) vaginal drainage of tumor followed by vaginal 


delivery,’ and (5) abdominal drainage of tumor fol- 
lowed by vaginal delivery." While mode of delivery has 
been individualized in the literature, tumor size is crit- 
ical in this decision for two reasons. In our two cases 
of vaginal delivery, the tumors were small enough for 
delivery; however, a large tumor can cause serious ob- 
stetric complications such as abnormal lie and dystocia. 
More importantly, as seen in our one case of hypoten- 
sive shock, a large sacrococcygeal teratoma can be 
highly vascular, thereby causing exsanguination or rup- 
ture on aspiration. The literature documents cases of 
neonatal death after rupture of sacrococcygeal tera- 
toma during vaginal delivery.’ 

On the basis of the above literature review and our 
own series of cases, we feel it reasonable to suggest that, 
except for very small tumors (<5 cm in diameter), ce- 
sarean section affords the obstetrician maximal control. 

Thus, with prior knowledge, adequate preparation 
can be made with respect to obstetric management. 
Appropriate medical and surgical pediatric care can 
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be obtained with good outcome anticipated in most 
cases. 


We would like to thank Dr. Yung and Dr. Claessens 
for providing cases for this study. 
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Human chorionic gonadotropin, prolactin, estriol, and 
dehydroepiandrosterone sulfate concentrations in cord blood of 
premature and term newborn infants: Relationship to the sex 


of the neonate 
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Although the composition of human chorionic gonadotropin, prolactin, estriol, and dehydroepiandrosterone 
sulfate in the umbilical cord blood has been studied, less information is available on the effect of fetal sex 
on the cord blood concentrations. We assayed these hormones in cord blood from 405 newborn infants 
delivered between 23 and 43 weeks of gestation. In pooled data for both sexes, human chorionic 
gonadotropin showed a declining trend from the beginning to the end of the sampling interval. By contrast, 
in 398 newborn infants of known sex, prolactin, estriol, and dehydroepiandrosterone sulfate levels 
increased during the same period. Sex.differences were observed for human chorionic gonadotropin only; 
female newborn infants had higher cord blood concentrations throughout the sampling period, with the 
differences becoming statistically significant between 29 aoe 36 weeks. (Am J OssteT Gynecot 1987; 


156:396-400.) 
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polypeptide and steroid hormones produced in the fe- 
tal-placental unit. Although their composition in the 
umbilical cord blood has been studied, less information 
is available on the effect of fetal sex on the cord blood 
concentrations." * In the present study, we measured 
the levels of these hormones in the cord blood of new- 
born infants from midpregnancy to term to determine 
whether there were any sex differences in these levels. 


Material and methods 


At the time of delivery, mixed umbilical cord blood 
was collected into tubes containing ethylenediamine- 
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Fig. 1. Human chorionic gonadotropin (HCG-), prolac- 
tin (PRL), estriol E,), and dehydroepiandrosterone sulfate 
(DHEAS) concentrations in pooled umbilical cord blood of all 
newborn infants (n = 405). Number of samples assayed 
shown in parentheses. 
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Fig. 2. Human chorionic gonadotropin (HCG-B), prolac- 
tin (PRL), estriol (E;), and dehydroepiandrosterone sulfate 
(DHEAS) concentrations in cord blood of newborn infants of 
known sex (n = 398) analyzed separately. Number of samples 
assayed shown in parentheses. 


Table I. Duration of gestation, birth weight, human chorionic gonadotropin, prolactin, estriol, and 
dehydroepiandrosterone sulfate concentrations in cord blood of female and male newborn infants pooled 


23-28 29-32 33-36 


Weeks 26.4 + 0.3 
(35) 
Birth weight (gm) 964.3 + 43.8 
(35) 
Human chorionic gonadotropin 90 + 28 
(mIU/ml) (21) 
Prolactin (ng/ml) 81 + 19 
(35) 
Estriol (ng/ml) 119 + 13 
(21) 
Dehydroepiandrosterone sulfate (ng/ml) 1575 + 162 
(21) 


Weeks of gestation 


41-43 
30.8 + 0.2 34.7 + 0.1 38.8 + 0.1 41.4 + 0.1 
(39) (89) (195) (47) 
1578 + 47.3 2393.2 + 48.5 3070.8 + 38.1 3496.8 + 65.5 
(39) (89) (195) (47) 
95 + 31 58 +7 36 + 5 26 + 4 
(22) (62) (148) (36) 
157 + 14 211+ 13 245 + 8 261 + 13 
(39) (89) (195) (47) 
112 + 12 165 + 11 201 +9 208 + 19 
(22) (59) (116) (31) 
1384 + 135 1747 + 137 1883 + 67 1961 + 124 
(22) (59) (116) (31) 


Data are shown as mean + SEM; total number of newborn infants studied is shown in parentheses for weeks of gestation and 
birth weight; number of samples assayed for each hormone is also shown in parentheses. 


tetraacetic acid as anticoagulant. Plasma was separated 
and stored frozen at —25° C until radioimmunoassay 
of the hormones.*” The prolactin data from 405 new- 
born infants were reported in relationship to the pres- 
ence or absence of respiratory distress syndrome to- 


gether with that of estradiol and thyroid hormones.® 
The development of respiratory distress syndrome did 
not affect the results of prolactin determinations or the 
remaining hormone levels reported here. The data 
were accordingly pooled without regard to the presence 
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Table II. Human chorionic gonadotropin, prolactin, estriol, and dehydroepiandrosterone sulfate concentrations 
in cord blood of female and male newborn infants analyzed separately 


23-28 


Weeks of gestation 


29-32 33-36 


a 


Human chorionic gonadotropin 93 + 26 
(mIU/ml) (8) (12) 


Prolactin (ng/ml) 58 + 14 105 + 35 
(15) (18) 
Estriol (ng/ml) 89 + 14 141 + 20 
| (8) (12) 
Dehydroepiandrosterone sulfate 1764 +214 1504 + 242 


(ng/ml) * (8) (12) 


64 + 38 


188 + 81 54 + 19 4+11 4447 
(7) (14) (31) (28) 
134 + 19 175 + 21 208 + 19 999 + 20 
(17) (21) (46) (40) 
130 + 22 100 + 9 152 + 14 190 + 20 
(11) (11) (30) (28) 
1216+ 188 1600+178 1838+ 205 1629 + 188 


(11) (11) (30) (28) 


Data are shown as mean + SEM; number of samples assayed for each hormone is shown in parentheses. 


or absence of this disease. Medications of various types 
were used during pregnancy and labor involving 161 
newborn infants. These were isoxsuprine in 68 (42%), 
glucocorticoids in 21 (13%), and various other agents, 
singly and in combination in the remaining neonates 
exposed to medications. In addition, numerous com- 
plications of pregnancy, including diabetes mellitus and 
hypertension, were also encountered, as previously de- 
scribed.® Data on the sex of seven newborn infants were 
not available, leaving a total of 398 infants from whom 
hormone data were obtained for analysis according to 
the sex of the infant. Data were analyzed by use of the 
t test. 


Results 


Data for all newborn infants are shown in Table I 
and Fig. 1. The data are shown separately for male and 
female infants in Table II and Fig. 2. 

Cord blood levels of human chorionic gonadatropin 
were 90 + 28 mIU/ml (mean + SEM, second inter- 
national standard) between 23 and 28 weeks of gesta- 
tion and 95 + 31 mIU/ml between 29 and 32 weeks; 
levels declined to 26 + 4 mIU/ml toward the end of 
the sampling period at 41 to 43 weeks. Prolactin levels 
were 8] + 19 and 261 + 13 ng/ml; estriol, 119 + 13 
and 208 + 19 ng/ml; and dehydroepiandrosterone sul- 
fate, 1575 + 162 and 1961 + 124 ng/ml, respectively, 
at the beginning and end of the sampling interval. Sex 
differences were seen for human chorionic gonadotro- 
pin only, with female infants having higher cord blood 
values throughout the period studied between 23 and 
43 weeks of gestation. Concentrations of human cho- 
rionic gonadotropin were significantly higher in female 
infants between 29 and 36 weeks of gestation. 


Comment 


The data presented indicate that umbilical cord 
blood concentrations of human chorionic gonadotro- 


pin show essentially a declining trend from midpreg- 
nancy to term. In contrast, prolactin, estriol, and de- 
hydroepiandrosterone sulfate levels increased during 
the same interval. Sex differences were observed for 
human chorionic gonadotropin only. Female infants 
had significantly higher levels of human chorionic go- 
nadotropin between 29 and 36 weeks of gestation. 
For human chorionic gonadotropin, these data are 
in agreement with those of Boroditsky et al., Brody 
and Carlstrom,® and Danzer et al.,° indicating that cir- 
culating maternal levels of human chorionic gonado- 
tropin were higher in women bearing female fetuses 
compared with women bearing male fetuses. Crosig- 
nani et al. reported no sex differences in human cho- 
rionic gonadotropin levels of female and male infants 
between 38 and 41 weeks of gestation in their study. 
Our data showed higher levels of human chorionic 
gonadotropin for female infants over male infants 
throughout the period of 23 to 43 weeks of gestation; 
however, the data were statistically significant (p < 
0.05) only between 29 and 36 weeks. In this context, 
our results are consistent with those of Crosignani 
et al.!° inasmuch as neither study observed statistically 
significant differences in the interval from 37 weeks to 
term. The higher human chorionic gonadotropin levels 
in the cord and maternal blood in pregnancy with a 
female fetus are also associated with higher “female” 
amniotic fluid levels, compared with “male” amniotic 
fluid concentrations.'° Furthermore, Wide and Hob- 
son" also found that “female” placental tissue contains 
more human chorionic gonadotropin than “male” pla- 
cental tissue. Because umbilical arterial progesterone 
concentrations are higher in male fetuses, Boroditsky 
et al.” suggested that progesterone may regulate pro- 
duction of human chorionic gonadotropin. In support 
of this interpretation, Wilson et al.'* found that pro- 
gesterone suppressed production of human chorionic 
gonadotropin from explants of human term placenta. 
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Weeks of gestation 





(83) (111) (21) (26) 

197 + 12 200+ 11 238 + 39 201 + 26 
(52) (66) (9) (16) 
1900 + 109 1904 + 86 2015+ 188 1960 + 174 
(52) (66) (9) (16) 


In vivo and in vitro observations suggest that pro- 
lactin may also inhibit production of human chorionic 
gonadotropin from trophoblast near term.” The tem- 
poral relationship between the rising concentrations of 
prolactin and the declining levels of human chorionic 
gonadotropin in the fetal compartment (Table I and 
Fig. 1) is consistent with a possible inhibitory effect of 
prolactin noted. However, because sex differences for 
prolactin could not be demonstrated, it seems unlikely 
that prolactin is playing an important role in the in- 
creased human chorionic gonadotropin levels in female 
fetuses (Table II, Fig. 2). 

Our results agree with those of Tapaininen et al.” 
and Badawi et al. in which sex differences for pro- 
lactin could not be found. With respect to estriol and 
dehydroepiandrosterone sulfate, our results are also 
consistent with those of Laatikainen and Peltonen’! who 
found that concentrations of these steroids were not 
influenced by the sex of the newborn infant. 

Human chorionic gonadotropin may have adreno- 
corticotropic activity before 20 weeks of gestation. In 
the anencephalic fetus, the adrenal glands develop nor- 
mally until 20 weeks; thereafter, the adrenal glands 
start to undergo atrophy in the presence of normal 
levels of human chorionic gonadotropin and prolactin.” 
The normal development of the adrenal glands of the 
anencephalic fetus before 20 weeks of gestation may 
be sustained by the high human chorionic gonadotro- 
pin levels produced by the trophoblast in early preg- 
nancy.” Atrophy of the aneéncephalic fetal adrenal 
glands in later pregnancy in the presence of normal 
human chorionic gonadotropin and prolactin levels is 
consistent with adrenocorticotropic hormone being the 
major hormone after midpregnancy.” Fetal pituitary 
prolactin content is low before 15 weeks of gestational 
age but increases rapidly from this period to 23 weeks. 
Prolactin has also been proposed as a possible adreno- 
corticotropic hormone in the fetus.? The observation 
of normal prolactin levels in the anencephalic fetus with 
atrophic adrenal glands suggests that it is unlikely that 
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prolactin has an important adrenocorticotropic role in 
utero.” The major secretory product of the fetal adrenal 
gland is dehydroepiandrosterone sulfate, which is the 
precursor of estriol in the fetal-placental unit. Gluco- 
corticoids administered to the mother inhibit adreno- 
corticotropic hormone secretion with a decrease in the 
production of dehydroepiandrosterone sulfate and es- 
triol. Although we do not know the effect of the various 
maternal complications of pregnancy or of the drugs 
used during pregnancy and labor on the hormone re- 
sults reported here, our data appear to confirm and 
extend previous observations. 

In conclusion, mean cord blood human chorionic 
gonadotropin concentrations from pooled data of both 
male and female newborn infants show a declining 
trend from 23 weeks of gestation to term. In contrast, 
mean cord blood levels of prolactin, estriol and dehy- 
droepiandrosterone sulfate.show an increasing trend 
during the same interval of pregnancy. Sex differences 
were observed for human chorionic gonadotropin only. 
The mean concentrations of human chorionic gonad- 
otropin in the cord plasma of female newborn infants 
exceeded that of male newborn infants between 23 and 
43 weeks of gestation; between 29 and 36 weeks of 
gestation, this difference was statistically significant. 
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Differing concentrations of human chorionic gonadotropin and 
prolactin in the cyst fluid of hydatidiform mole and in 


amniotic fluid 


Basil Ho Yuen, M.B., Ch.B. 
Vancouver, British Columbia, Canada 


The concentrations of human chorionic gonadotropin and prolactin in the cyst fluid of molar tissue were 
compared with that of normal amniotic fluid. Molar fluid was aspirated from the vesicles of molar tissue in 
eight women (duration of amenorrhea 14.1 + 1 week, mean + SEM). Amniotic fluid was obtained at 
amniocentesis in 24 women (mean duration of amenorrhea 15.9 + 0.2 week). Hormones were measured 
by specific radioimmunoassay. The concentrations (mean + SEM) of human chorionic gonadotropin in 
molar fluid and amniotic fluid were 581,829 + 112,581 and 3187 + 505 milU/ml (p < 0.001), 

respectively. For prolactin the levels in molar fluid and amniotic fluid were 44 + 24 and 1962 + 313 ng/ml 
(p < 0.001), respectively. These data demonstrate that molar fluid contains 182-fold higher levels of 
human chorionic gonadotropin and 45-fold lower levels of prolactin than amniotic fluid obtained from 
normal pregnant women with a similar duration of amenorrhea. In addition to altered endocrine function of 
the trophoblast, there may be altered prolactin secretion from the decidua in molar pregnancy as 
compared with normal pregnancy. Further research is required to evaluate prolactin production from 
decidua of molar pregnancy. (Am J Osstet GynecoL 1987;156:400-2.) 


Key words: Human chorionic gonadotropin, prolactin, molar cyst fluid 


During normal pregnancy human chorionic gonad- 
otropin levels in amniotic fluid are lower than those in 
the maternal blood.' Prolactin levels in amniotic fluid 
rise as gestation progresses to peak in the midtrimester 
and then decline toward term.*? The source of human 


From the Gynaecologic Endocrine Laboratory, Division of Repro- 
ductive Endocrinology and Infertility, Department of Obstetrics and 
Gynaecology, Faculty of Medicine, University of British Columbia, 
and Grace Hospital. 

Presented at the Forty-second Annual Meeting of The Society 
of Obstetricians and Gynaecologists of Canada, Charlotietown, 
Prince Edward Island, Canada, June 23-27, 1986. 

Reprint requests: Basil Ho Yuen, M.B., Ch.B., 4490 Oak St., Van- 
couver, British Columbia, Canada V6H 3V5. 


400 


chorionic gonadotropin in normal and molar preg- 
nancy is the trophoblast.” The source of prolactin in 
the amniotic fluid has not been clearly defined. Recent 
studies* > demonstrate that the decidua secretes pro- 
lactin and that the mechanisms controlling its secretion 
from this tissue differs from that of the pituitary gland.° 
It has been suggested that the decidua is an important 
source of amniotic fluid prolactin.*° The physiologic 
role of prolactin in amniotic fluid has not been defined. 
It has been suggested, however, that prolactin may have 
an osmoregulatory role in the formation of amniotic 
fluid.’ * The concentrations of prolactin in molar ve- 
sicular fluid have not previously been determined. 
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Table I. 8-Subunit of human chorionic gonadotropin and prolactin concentrations in amniotic fluid and 


Amniotic fluid Molar cyst fluid 
{n = 24 women) (n = & women) $ 


molar cyst fluid 


B-Subunit of human chorionic gonadotropin* 
(mIU/ml) 
Prolactin (ng/ml) 


3,187 + 505 
1,962 + 313 


580,829 + 102,581 <0.001 


44 + 24 <0.001 





Data are shown as mean + SEM. 
*Second international standard. 


The purpose of the present study was to determine 
whether the concentrations of these peptide hormones 
in the amniotic fluid of normal pregnancy differed 
from those of molar pregnancy at approximately com- 
parable intervals of gestation. 


Material and methods 


Amniotic fluid was obtained at the time of amnio- 
centesis from 24 women for indications based on ma- 
ternal age: The women were 36.2 + 0.5 years of age 
(mean + SEM).. The duration of amenorrhea at the 
time of amniocentesis was 15.9 + 0.2 weeks. Only pa- 
tients whose amniotic fluid karyotype findings were 
normal were included in the study. In addition, am- 
niotic fluid samples contaminated with blood or me- 
conium were discarded. Molar cyst fluid was aspirated 
from the vesicles in the operating room immediately 
after surgical evacuation of the uterus with the patient 
under general anesthesia. Only samples that were free 
of contamination by blood were used. The mean age 
of the eight women with molar pregnancy was 25 + 2.5 
years and the duration of amenorrhea at the time of 
evacuation was 14.6 + 1 week. The amniotic fluid and 
molar cyst fluid specimens were centrifuged before 
being stored frozen at ~20° C before the hormones 
were measured by radioimmunoassay. Assay kits for 
the assay of the B-subunit of human chorionic gonad- 
otropin were purchased from Amersham Canada Lim- 
ited, Oakville, Ontario, Canada, and prolactin assay kits 
were purchased from Becton Dickinson Immunodi- 
agnostics, Mississauga, Ontario, Canada. The between- 
assay coefficient of variation for assay of the B-subunit 
of human chorionic gonadotropin was 10% while the 
within-assay coefficient of variation was 8%. For the 
prolactin assay the between- and within-assay coeffi- 
cients of variation were 11% and 5%, respectively. Data 
were analyzed by the Mann- -Whitney test. 


Results 


The duration of amenorrhea in women with normal 
pregnancy at the time of amniocentesis was not signif- 
icantly different from that of the women with molar 
pregnancy at the time of uterine evacuation. However, 


the women undergoing amniocentesis were signifi- 
cantly older (p < 0.05) than the women with evacuation 
of a molar pregnancy. 

Hormone results are shown in Table I. 


Comment 


The human chorionic gonadotropin and prolactin 
concentrations of amniotic fluid. reported are in agree- 
ment with those of other authors.'* The mean human 
chorionic gonadotropin level in amniotic fluid was 3187 
mlU/ml while in molar cyst fluid the mean human cho- 
rionic gonadotropin level was 580,829 mIU/ml. The 
mean prolactin levels in amniotic fluid and molar cyst 
fluid were 1962 and 44 ng/ml, respectively. 

In the present study the human chorionic gonado- 
tropin levels in the molar cyst fluid were about 180- 
fold higher than those of normal amniotic fluid for the 
same stage of amenorrhea. In contrast, the prolactin 
levels in molar cyst Huid were 45-fold lower than those 
of amniotic fluid for similar stages of amenorrhea. 
These findings suggest that, in addition to the altered 
endocrine function of the trophoblast, there is altered 
prolactin secretion within molar pregnancy as com- 
pared with-that in the fetal- -placental compartment of 
normal pregnancy. Unlike amniotic fluid, the molar 
cyst fluid is characterized’ by high human chorionic go- 
nadotropin and low prolactin concentrations. Since tro- 
phoblast is the major source of human chorionic go- 
nadotropin secretion, the higher human chorionic go- 
nadotropin levels in molar cyst fluid reflect the excess 
production of human chorionic gonadotropin by molar 
trophoblast. As compared with normal placental tissue 
of comparable duration of pregnancy, hydatidiform 
mole tissue has been shown to have a higher human 
chorionic gonadotropin content. Although the reasons 
for the lower prolactin levels in molar pregnancy cyst 
fluid are not known, they may include altered produc- 
tion from the decidua. Should this be so, the decidua 
of molar pregnancy may share a feature with decidua 
of spontaneously aborting embryopathic pregnancy, 
where the production of prolactin appears to be some- 
what less than that of normal pregnancy.’ As previ- 
ously noted, in normal pregnancy, the decidua may 
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be an important source of amniotic fluid prolactin.+° 
Further research is required to determine if prolactin 
production from the decidua of molar pregnancy 
is altered. Other possible explanations for the obser- 
vations presented may include mechanisnis represent- 
ing an altered net clearance of prolactin and human 
chorionic gonadotropin from the trophoblast-decidua 
complex of molar pregnancy as compared with that 
of the normal fetal-placental unit. Furthermore, the 
role of the fetus in the distribution of these hor- 
mones in the normal fetal-placental unit has not been 
elucidated. 

In conclusion, the vesicular fluid of molar pregnancy, 
as compared with that of normal amniotic fluid, con- 
tains a great deal more human chorionic gonadotropin 
but much less prolactin. In addition to altered endo- 
crine function of trophoblast in molar pregnancy,° pro- 
lactin secretion from the decidua may also be altered. 
Further research is required to evaluate prolactin pro- 
duction from decidua of molar pregnancy. 


I thank Dr. L. Kirby for samples of amniotic fluid. 
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Doppler ultrasound prediction of fetal outcome in 


twin pregnancies 
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Calgary, Alberta, Canada 


The usefulness of pulsed Doppler ultrasound in predicting twin pregnancies destined for unsatisfactory 
outcomes was examined in 30 twin pregnancies. Fetal flow velocity waveform analysis (systolic/diastolic 
ratio and pulsatility index) and quantitative analysis in the déscending aorta and umbilical artery 
demonstrated good sensitivity and specificity when compared with biparietal diameter and abdominal 
circumference measurements. This technique shows some promise as a useful! adjunct in the 
management of twin pregnancies. (AM J Osstet Gynecot 1987;156:402-6.) 


Key words: Twin pregnancies, outcome, pulsed Doppler ultrasound 


Twin gestation is associated with a significant increase 
in perinatal morbidity and mortality. This increase is 
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mainly attributed to premature delivery and growth 
discrepancy.' Ultrasound is a useful tool in the assess- 
ment of growth problems; however, the sensitivity of 
biparietal diameter differences of >7 mm in the same 
twin gestation in predicting growth failure has been 
reported at only 20%.’ This limitation has emphasized 
the need for a better diagnostic test to identify preg- 
nancies at risk for compromise. The usefulness of flow 
velocity waveform analysis in the assessment of fetal 
health has been addressed previously.’ Increased vas- 
cular impedance downstream from the point of Dopp- 
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Table I. Characteristics of patients with unsatisfactory outcomes 


Gestational age Birth weight Below tenth 
at delivery (wk) difference (gm) percentile 


Biparietal diameter 





difference >7 mm 


l 26 15 + — 
2 34 700 + + 
3 37 760 + — 
4 36 &20 + — 
5 38 570 + — 
6 37 &00 + + 
7 38 460 + + 
8 26 160 aa + 
9 37 675 + — 
10 32 40 — — 
II 28 110 + — 


ler sampling will cause decreased diastclic flow, which 
will result in changes in both the peak systolic/end di- 
. peak systolic—end diastolic 

astolic ratio and the ratio 
i mean flow 

that is, the pulsatility index.* This study prospectively 
evaluated the changes occurring in blood flow in twin 
gestations and assessed the value of these measure- 
ments in predicting pregnancies destined to produce 
unsatisfactory outcomes. 


? 


Material and methods 


Consecutive patients who presented to the ultra- 
sound department with twin pregnancies beyond 20 
weeks’ gestation were recruited into this study. Fetal 
Doppler ultrasound research was approved for study 
in our institution. Routine biometric parameters in- 
cluding biparietal diameter and abdominal circumfer- 
ence were measured according to the methods reported 
by Hadlock et al.” ° Pulsed Doppler evaluation of the 
descending aorta and umbilical artery of each twin was 
conducted during periods of absent fetal breathing 
with the use of a Toshiba SAL 50A (Toshiba America, 
Tustin, California) with a 2.42 MHz pulsed Doppler 
transducer attached to a 3.5 MHz linear array trans- 
ducer at a fixed angle of 55 degrees. A 100 Hz thump 
filter was used. The system was calibrated by the 
method of McDicken’ to ensure that the quantitative 
estimate of flow was accurate. Patients were either in a 
supine position or at a slight left lateral tilt during these 
studies. The fetal descending thoracic aorta was ex- 
amined just above the level of the diaphragm with the 
aorta oriented parallel to the transducer. A large 
enough sample volume was chosen to completely cross 
the vessel but not provide interference from other ves- 
sels. The aortic diameter and Doppler angle were then 
measured and entered into the machine to allow on- 
line calculation of mean velocity and volume flow. The 
umbilical artery was examined with the position of the 
sample volume adjusted to provide the best signal. No 
corrections were made for the Doppler angle and vessel 
diameter. Freeze-frame images of aortic and umbilical 


flow velocity waveforms were then used for off-line 
analysis on a microcomputer with a digitizing pad (Mi- 
crosonics, Indianapolis, Indiana). Peak systolic and end 
diastolic velocities were marked by hand for measure- 
ment as these end points were clearly visible. Three 
consecutive waveforms were measured and a simple 
average calculated. The percent differences between 
the twin pairs was calculated for each parameter except 
biparietal diameter, for which millimeter differences 
were calculated in order to allow for comparison with 
previous reports.” 

_ Pregnancy outcome was correlated with the results 
of the last ultrasound examination before delivery. Any 
of the following was considered an unsatisfactory out- 
come: (1) preterm delivery before 32 weeks’ gestation, 
(2) major birth weight discrepancy of >500 gm, (3) 
birth weight below the tenth percentile for gestational 
age,® or (4) admission to the neonatal intensive care 
unit for problems originating in the antenatal period. 
The Doppler ultrasound information was blinded to 
the clinicians managing the patients. 


Results 


Thirty patients were recruited into the study and 11 
of these were classified as having an adverse outcome 
(Table I) (<32 weeks’ gestation at delivery, two; below 
tenth percentile, nine; weight discrepancy >500 gm, 
six; admission to neonatal intensive care unit, seven). 
The mean gestational age at the time of the examina- 
tion was 31.7 weeks for the normal group and 31.8 
weeks for the abnormal pairs with the mean gestation 
at delivery being 37.0 and 34.5 weeks, respectively, for 
the normal and abnormal groups. There was a statis- 
tically significant difference in the mean birth weights 
between the normal (2560 + 357 gm) and the abnor- 
mal (1810 + 796 gm) twin pairs (p < 0.002). Five in- 
fants from the abnormal group died in the perinatal 
period, while there were no losses in the group classified 
as normal. Also no significant congenital abnormality 
was identified in the entire study population. The 
in vitro calibration of the Doppler system demonstrated 
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Fig. 1. In vitro calibration of Toshiba Doppler system at dif- 
ferent volume flows. 
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Fig. 2. Aortic peak systolic/end diastolic (S/D) ratio at differerit 
gestational ages in normal and abnormal twin pairs. 


a systematic error of 5% in quantitative flow over a wide 
range of velocities (Fig. 1). 

In two patients, both abdominal circumference and 
Doppler study of the fetal aorta could not be obtained. 
The umbilical peak systolic/end diastolic ratio was 
unobtainable in five different patients classified in the 
abnormal group and in six patients with normal out- 
comes. This was due in large part to the difficulty in 
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Fig. 3. Aortic pulsatility index (PJ) at different gestational ages 
in normal and abnormal twin pairs. 
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Fig. 4. Aortic volume flow at different gestational ages in nor- 
mal and abnormal twin pairs. 
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Table II. Differences for each parameter in normal and abnormal twin pairs 









Difference (%) 
Doppler parameter 





Difference in Aortic peak Umbilical peak 
biparietal diameter | Abdominal | systolic | diastolic | Mean | Volume | systoliclend | pulsatility | — systoliclend 
(mm) circumference | velocity | velocity | velocity| flow | diastolic raiio| index diastolic ratio 
Normal group 
Mean 3.4 5.3 20.0 21.4 244 34.6 16.8 26.2 50.3 
1 SD 2.9 3.6 20.2 22.0 30.2 36.0 18.9 27.5 82.6 
Abnormal group 
Mean 7.5 7.0 23.6 106.8 37.2 84.8 92.6 65.1 55.4 
1SD 4.7 4.8 23.3 112.6 41.7 504 119.5. 77.1 34.4 
Sensitivity 45 22 22 67 22 56 44 44 50 
Specificity 84 74 89 84 89 89 89 84 82 





identifying which fetus belonged to the cord sampled. 
The normal and abnormal twin pair data for aortic 
peak systolic/end diastolic (Fig. 2), aortic pulsatility in- 
dex (Fig. 3), and aortic volume flow (Fig. 4) are plotted 
against gestational age to highlight the differences seen 
in the individual twin pairs. When abnormal twin pairs 
are examined, aortic peak systolic/end diastolic ratios 
accentuate the differences to a greater extent than the 
pulsatility index. Significant differences are also dem- 
onstrated in aortic blood flow volume in the abnormal 
group after 32 weeks’ gestation. The mean percent dif- 
ference for each parameter in normal and abnormal 
twin pairs is shown in Table II in conjunction with the 
standard deviations. In addition, the sensitivity and spe- 
cificity for a biparietal diameter difference of >7 mm 
and abdominal circumference and Doppler parameters 
with differences of 1 SD above the mean are shown. 


Comment 


The umbilical artery has been the vessel most com- 
monly assessed by Doppler ultrasound. This, however, 
does present a problem in twin gestation as it is not 
always easy to clarify which fetus is associated with the 
umbilical vessel under study. Studies on the descending 
aorta have been shown to be useful;? however, the vol- 
ume flow calculation has had limited use because of the 
size of the error involved in the assessment of the cross- 


sectional area of a vessel. The observation that volume - 


flow differences in abnormal fetuses were exaggerated 
beyond 32 weeks’ gestation is understandable in light 
of the dependence of volume flow on vessel diameter 
as a reflection of fetal size and the acceleration of fetal 
growth that occurs around this gestational age. 

The only report of Doppler evaluation of twin ges- 
tation used umbilical peak systolic/end diastolic ratios." 
In this study, we attempted to expand this to include 
waveform analysis and volume flow in the fetal aorta 
and used a pulsed Doppler system rather than con- 


tinuous wave. In addition, a new outcome category 
to include adverse fetal outcome without significant 
weight discrepancy was used. 

This study compares the twins in the form of percent 
difference. This approach has some limitations as ab- 
normal situations can be masked if both twins are sim- 
ilarly compromised and hence, would have relatively 
similar blood flow changes. This did not occur in any 
of our cases but underlines the need to compare the 
absolute Doppler measurements to the normal range 
in all cases. For abdominal circumference four of nine 
patients in the abnormal group had a value below the 
tenth percentile for our laboratory, but in only two was 
a significant difference between pairs noted. 

In our study, a biparietal diameter difference of 
>7 mm was equivalent to 1 SD from the mean, and 
although the sensitivity of 45% is better than the sen- 
sitivity of 20% reported by Leveno et al.,? it is still too 
low to be useful as a screening test for predicting un- 
satisfactory outcome. It does, however, have a low false 
positive rate of 16%. Abdominal circumference differ- 
ence was not of value although absolute values were 
somewhat better. When considered individually, the 
Doppler parameters all have similar specificities but the 
sensitivity of the mean velocity and systolic peak velocity 
was too low to be useful. End diastolic flow and volume 
flow appear more sensitive than the remaining param- 
eters but are still too low to be useful screening tests 
on their own. Pulsatility index generated values similar 
to the peak systolic/end diastolic ratio and was probably 
testing a similar physiologic parameter. It is unlikely 
that it would provide more information about the state 
of the fetal circulation. 

Combining parameters has been used effectively for 
detecting intrauterine growth retardation and forms 
the basis of well-accepted indices such as the biophysical 
profile and Apgar score. When biparietal diameter, 
peak end diastolic velocity, volume flow, and aortic and 
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umbilical peak systolic/end diastolic are considered to- 
gether, nine of 11 in the abnormal group had two or 
more of these parameters outside the normal range, 
and in the other two cases one or more of the Doppler 
parameters could not be obtained. This combination of 
parameters improves the sensitivity to 82%. The spec- 
ificity, however, is lowered as the false positive rate goes 
up to 30%. Measurement of several parameters also 
helps to overcome the technical difficulties encoun- 
tered in obtaining good Doppler studies in both twins. 
In all cases, either the umbilical artery or the aorta 
could be satisfactorily assessed. 

In conclusion, Doppler evaluation of fetal vessels is 
simple and noninvasive and can be performed by 
skilled sonographers usually in less than 30 minutes. It 
shows promise as a useful discriminator of birth weight 
differences and poor outcome in twin pregnancies. Use 
of several parameters appears to increase the sensitivity 
even though quantitative analysis (volume flow) may be 
difficult. Flow velocity waveform analysis should there- 
fore be considered in the management of twin preg- 
nancies. 
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Congenital and nosocomial sepsis in infants born in a regional 
perinatal unit: Cause, outcome, and white blood cell response 


Arne Ohlsson, M.D., and Mary Vearncombe, M.D. 
Toronto, Ontario, Canada 


The incidence, cause, and outcome of sepsis and the white blood cell response were studied in 6315 
infants born in a regional perinatal unit. The incidence of neonatal sepsis was 6.5 per 1000 live births. 
Congenital sepsis (12 cases) was overwhelming, with associated maternal infection (92%), neutropenia 
(75%), and high rate of mortality (50%). The most common organism was Escherichia coli (58%). 
Gestational age and birth weight were similar in survivors and nonsurvivors. There was a strong 
correlation between total white blood cell count and both mature and immature neutrophil counts in 
survivors but this correlation decreased substantially in neonates that died. Analysis of variance indicated 
that the means for polymorphonuclear leukocyte and immature neutrophil counts were significantly higher 
in survivors. Nosocomial sepsis (38 cases) occurred in premature low birth weight infants receiving 
invasive, intensive care. The most common organism was Staphylococcus epidermidis (76%). Total white 
blood cell, polymorphonuclear leukocyte, and immature neutrophil counts rose significantly in response to 
sepsis. None died. Prevention of congenital sepsis requires methods to detect early maternal-fetal 
infecton. Providing granulocytes to neutropenic neonates with congenital sepsis might improve outcome. 


(Am J Opstet GYNECOL 1987;156:407-13.) 


Key words: Sepsis, congenital, nosocomial, neonate, infant, neutropenia, etiology, outcome 


Sepsis is a generalized symptomatic infection con- 
firmed by a positive blood culture. The incidence of 
sepsis occurring in the neonatal period (<28 days of 
age) varies from one to 10 per 1000 live births, and the 
mortality varies from 20% to 75%." The handicap rate 
among survivors exceeds 25%.’ The susceptibility to 
and outcome of sepsis relate to the type and number 
of invading organisms, the gestational age and weight 
of the neonate, the age at the onset of sepsis, the pres- 
ence of malformations requiring operation, predispos- 
ing maternal conditions, and early diagnosis and ther- 
apy. If neutropenia develops in a neonate with bac- 
terial sepsis and a bone marrow aspirate demonstrates 
depletion of the neutrophil storage pool, the likelihood 
of survival is <20%.*° Extensive reviews of the literature 
between 1927 and 1978 have shown that the cause of 
neonatal sepsis varies with geographic area and with 
time.*® It is therefore important to frequently review 
the cause of neonatal sepsis locally.** The most com- 
monly isolated organisms are Escherichia coli, other 
gram-negative organisms such as Klebsiella, Enterobacter, 
and Serratia marcescens, group B streptococci, and Staph- 
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ylococeus aureus.™® Recently an increasing incidence of 
nosocomial sepsis caused by Staphyloccccus epidermidis”? 
and Candida albicans'* © has been noted in neonatal 
intensive care units. 

The purpose of this study was to determine the in- 
cidence, cause, and outcome of sepsis occurring among 
infants recently born in a regional perinatal unit. The 
white blood cell response to sepsis in these infants was 
also studied to establish the number of infants that 
might benefit from granulocyte transfusion. 


Material and methods 


Population studied. All infants with both clinical 
signs of sepsis and a positive blood culture, born in the 
University of Toronto Regional Perinatal Unit at Wom- 
en’s College Hospital, ‘Toronto, Ontario, Canada, dur- 
ing 1984 and 1985, were studied. 

Culture procedures. Blood cultures were obtained 
either from the umbilical artery at the time of the initial 
catherization at birth or from a peripheral vein after 
thorough preparation of the skin with iodine solution. 
Before September 1984, blood cultures were inoculated 
into a radiometric hypertonic aerobic medium (Bactec 
8A, Johnston Laboratories) and incubated at 35° C for 
7 days. From September 1984 to the end of the study 
period, blood for cultures was inoculated into pediatric 
Isolator tubes (DuPont) and plated onto chocolate agar 
and Brucella agar plates according to the manufactur- 
er’s instructions. Plates were incubated in 5% carbon 
dioxide and anaerobically, respectively, at 35° C for 4 
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Table I. Clinical and laboratory findings in 12 episodes of congenital sepsis 


ro Gestational | Premature rupture Maternel | Birth weight 
age (wk) of membranes Maternal infection hospital stay (gm) Organism isolated 


l M Chorioamnionitis 16 hr 1710 E. coli 

2 F 36 22 hie Chorioamnionitis 20 hr 3720 E. coli 

3 -OF 39 4 hr Chorioanmionitis 6 hr 2935 E. coli 

4 M 26 _ 10 days Chorioamnionitis 10 days 830 E. colt 

5 M 28 9 days Chorioamnionitis 10 days 1080 E. coli 

6 M 28 3 days Chorioamnionitis 2.5 days 1330 E. colt 

7 M 33 9 wk Chorioanmionitis 2 hr 2100 E. colt 

8 F 27 5 days Chorioamnionitis 2.5 days 870 S. pneumoniae 

9 F 42 18 hr Sepsis 1.5 days 3385 Enterococcus 
10 F 25 l 5 days Chorioamnionitis 4 days 630 Group B streptococcus 
11 F 26 — . Elevated temperature 1.5 hr 760 H. influenzae type b 
12 M 31 — — 9 days 1580 C. albicans 


I/T ratio, Immature/total neutrophil ratio. 


Table If. Clinical and laboratory findings in 38 episodes of nosocomial sepsis 













Gestational 
age (wk) 


Assisted Other site of 
ventilation | Hyperalimentation positive culture 






l1 E 26 660 14 S. epidermidis 0.21 + + — 
2 &F 27 900 1] S. epidermidis 0.41 + + — 
3 iF 21 660 26 S. epidermidis 0.08 + = — 
4 E 25 670 12 S. epidermidis 0.18 + + Catheter 
5 -E 27 1010 7 S. epidermidis 0.14 + + — 
6 F 28 960 12 S. epidermidis 0.62 + + Catheter 
7 E 27 900 14 S. epidermidis 0.32 + + Endotracheal tube 
8 F 34 1120 38 S. epidermidis 0.00 + + — 
9 F 26 920 29 S. epidermidis 0.42 Endotracheal tube 
10 F 25 590 14 S. epidermidis 0.28 + + Catheter 
lt E 30 1260 17 S. epidermidis 0.03 = + — 
and E. coli’ 
12 F 25 730 47 E. coli 0.05 + + — 
133 F 24 750 15 E. cloacae 0.49 + + — 
14 E 25 990 18 E. cloacae 0.27 + + — 
i5 M 30 1250 8 S. epidermidis 0.48 + + — 
l6 M 30* 1660 14 S. epidermidis 0.52 + + Radial arterial line 
17 M 25 670 26 S. epidermidis 0.01 + + — 
18 M 26 840 11 S. epidermidis 0.14 + + — 
19 M 29 1090 10 S. epidermidis 0.15 + $ Catheter 
20 M 33 1530 9 S. epidermidis 0.19 ie + — 
21 M 27 1000 9 S. epidermidis 0.19 + + — 
2 M 28 1120 19 S. epidermidis 0.07 -+ + — 
233 M 32 1300 15 S. epidermidis 0.00 = + — 
24 M 28 1300 18 S. epidermidis 0.06 + + — 
25 M 31 1080 8 S. epidermidis 0.16 + + Catheter 
26 M 32 1280 8 S. epidermidis 0.03 = + — 
27 M 30 1530 14 S. epidermidis 0.12 + + — 
28 M 26 820 9 S. epidermidis 0.12 + + — 
29 M 26 900 23 S. epidermidis 0.24 + + — 
30 M 26 820 34 S. epidermidis 0.18 + + — 
31 M 26 850 47 S. epidermidis 0.16 + + Catheter 
32 M 30* 1660 32 S. epidermidis 0.39 + = Catheter 
33 M 26 890 45 S. epidermidis, 2 0.27 — _ — 
strains 
34 M 28 1200 12 S. epidermidis 0.15 = + Catheter, S. epi- 
and Torulopsis dermidis 
glabrata 
35 M 28 1080 17 E. colt . 0.08 + + — 
36 M 29 1480 54 S. epidermidis 0.41 = p Urine 
37 M 27 1150 9 S. epidermidis 0.00 _ + Endotracheal tube 
and entero- (E. colz) 
coccus 
38 M 28 970 79 E. cloacae 0.08 + + — 





I/T ratio, Immature/total neutrophil ratio. 
*Cases 16 and 32 are the same patient with two episodes of sepsis. 


Volume 156 
Number 2 


Neutropenia Sat 


+ 0.58 Died at 5 days 
= 0.56 Alive 

+ 0:91 Died at 12 hr 
+ 0.10 Died at 13 hr 
+ 0.41 Alive 

+ 0.29 Died at 3 days 
+ 0.89 Alive 

+ 0.12 Alive 

= 0.11 Alive 

= 0.74 Alive 

+ 0.25 Died at 3 days 
E 0.60 Died at 10 days 


days. Growth was quantitated as the number of colonies 
per milliliter of blood. In all cases of suspected sepsis 
cerebrospinal fluid was obtained for cell count, Gram 
stain, and culture. Appropriate cultures and Gram 
stains were performed on material from any focal in- 
fection. Central indwelling venous catheters were not 
used during the study period, but when nosoco- 
mial infection was suspected any peripheral vascular 
line was removed and cultured by a semiquantitative 
technique.” 

Maternal risk factors. The following maternal risk 
factors known to be associated with neonatal sepsis were 
noted: infection, time between rupture of the mem- 
branes and delivery, and antenatal treatment with an- 
tibiotics and/or steroids. Maternal hospital stay before 
delivery was recorded in congenital sepsis. During the 
study period, unless contraindicated, all mothers in 
premature labor at 25 to 32 weeks’ gestation were given 
Vasodilan (Mead Johnson & Co.) in an attempt to stop 
labor to allow time for the action of bethamethasone. 
They were given two 12 mg doses of betamethasone 
12 hours apart to promote fetal lung maturation. If 
labor recurred after thé bethamethasone effect had 
been established no attempt was made to stop labor in 
the presence of premature rupture of the membranes. 

Mothers presenting with premature rupture of the 
membranes had an introital swab taken for culture for 
group B streptococci. They were then given one million 
units of penicillin G every 6 hours intravenously until 
results of cultures were available. The treatment was 
stopped if the cultures were negative and continued if 
positive until two consecutive cultures were negative. 
If dn introital swab was positive for group B streptococci 
at any time during the pregnancy, treatment with pen- 
icillin was given during labor. Erythromycin was used 
instead of penicillin in case of penicillin allergy. 

Blood work and criteria. Peripheral total white blood 
cell ccunts, polymorphonuclear leukocyte counts, and 
immature neutrophil counts were obtained in all in- 
fants at the time of suspected sepsis. In nosocomial 
sepsis these results were compared to results of tests 
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that had been performed within the two preceding 
days. Granulocytopenia was defined according to the 
criteria established by Xanthou" as <1300 polymor- 
phonuclear leukocytes per cubic millimeter. The im- 
mature/total neutrophil ratio was calculated according 
to Manroe et al.“ Bone marrow aspiration to evaluate - 
the neutrophil storage pool was not performed: 

Treatment. All infants were given full life support as 
indicated. Ampicillin and gentamicin in combination 
were used initially in the treatment of suspected sepsis 
and the antibiotics were subsequently changed accord- 
ing to sensitivity of the bacterial isolates. 

Statistical analysis. Statistical analvsis comparing 
groups was performed with the use of a paired two- 
tailed Student’s ¢ test on the leukocyte response to nos- 
ocomial sepsis. In congenital sepsis a two-factor analysis 
of variance with repeated measures was used on the 
polymorphonuclear and immature neutrophil counts 
at birth and 24 hours after birth. Some correlation ma- 
trices were obtained on the above sets of data. These 
statistical procedures were carried out after a square 
root transformation. 


Results 


' During the 2-year study period there were 6315 live 
births, and septicemia was diagnosed on 50 occasions 
(54 bacterial isolates) in 49 patients at age 0 to 79 days. 
Neonatal sepsis occurred on 41 occasions, an incidence 
of 6.5 per 1000 live births. Sepsis occurred on nine 
occasions in infants older than 28 days of age. Con- 
comitant meningitis occurred in one infant with £. coli 
sepsis. None of the patients had a major congenital 
malformation, and none underwent operation. The 
overall mortality was 12%. Two distinct groups of septic 
infants could be identified. 

Congénital sepsis. In group 1 (12 neonates) sepsis 
was congenital (Table 1). The male/female ratio was 
1/1. The mortality was 50% and neutropenia was com- 
mon (75%). The immature/total neutrophil ratio was 
increased (>0.16) in 75% of neonates with congenital 
sepsis. All neonates that died were neutropenic and had 
an immature/total neutrophil ratio that varied between 
0.1 and 0.9. Eleven of the twelve (92%) mothers who 
gave birth to a neonate with congenital infection also 
showed signs of infection (Table I). Eight had prema- 
ture rupture of the membranes > 12 hours (67%); eight 
(67%) were treated with steroids and six (50%) with 
penicillin before delivery. Eight mothers (67%) had 
been in the hospital >12 hours and seven (58%) >24 
hours before delivery. There was no significant differ- 
ence in gestation age or birth weight between survivors 
and nonsurvivors with congenital sepsis. E. coli was the 
most common organism isolated (58%): All bactéria 
causing congenital sepsis were sensitive to at least one 
of the routinely used antibiotics (ampicillin and gen- 
tamicin). The mortality rate was 50%. 
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Table III. White blood cell counts 
(mean + SD) in survivors and nonsurvivors of 
congenital sepsis at birth and at 24 hours 


of age 
Day of birth 


No. 6 6 

Total white blood 7,583 + 6,585 18,300 + 13,843 
cell count 
(No./mm?) 

Polymorphonuclear 
leukocytes 
(No./mm?*) 

Immature neutro- 
phils (No./mm’) 


Survivors 


630 + 454 6,587 


i+ 


12,014 


1,427 + 2,464 4,301 + 4,249 


Second day of life 

No. 4 6 

Total white blood 2,900 + 1,042 19,650 + 8,996 
cell count 
(No./mm?’) 

Polymorphonuclear 413 + 577 8,496 + 4,467 
leukocytes 
(No./mm”) 

Immature neutro- 805 + 693 5,190 + 9,425 


phils (No./mm?’) 


Nosocomial sepsis. In group 2 sepsis was nosocomial 
(37 infants with 38 septic episodes) with onset between 
7 and 79 days (Table II). The clinical and laboratory 
findings were similar in late-onset neonatal sepsis and 
in sepsis Occurring in infants older than 28 days. There 
were no episodes of sepsis diagnosed between | and 6 
days of age. Therefore, all infants with sepsis present- 
ing after birth were grouped and analyzed together as 
nosocomial sepsis. The male/female ratio was 1.7/1. 
There was no significant difference in mean gestational 
age between male (28.4 + 2.2 weeks) and female 
(27 + 2.6 weeks) infants, but male infants had a sig- 
nificantly higher mean birth weight (1145 + 282 gm) 
compared with that of female infants (866 + 196 gm) 
(p < 0.005). 

There were no deaths in infants with nosocomial sep- 
sis and neutropenia was always absent at the time of 
diagnosis. Sixty percent of the infants had an elevated 
immature/total neutrophil ratio (>0.12). Seventy-six 
percent of nosocomial bacterial isolates were S. epider- 
midis followed by E. coli (12%) and Enterobacter cloacae 
(7%). Sixty-three percent (20 of 32) of S. epidermidis 
isolates were resistant to methicillin. Bacterial isolates 
other than S. epidermidis were sensitive to either am- 
picillin or gentamicin. Twenty-four of the 37 mothers 
(65%) had been treated with steroids before delivery 
and 11 (30%) with antibiotics. Nine mothers (24%) had 
premature rupture of the membranes for >12 hours. 
There were no deaths. 

White blood cell response. The white blood cell re- 
sponses to congenital sepsis and nosocomial sepsis are 
presented in Tables II and IV. Three neonates with 
congenital sepsis (25%) and seven with nosocomial sep- 
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sis (18%) had a platelet count <150,000/mm) at the 
time of diagnosis. Correlation matrices between total 
white blood cell counts, polymorphonuclear leukocyte 
counts, and immature neutrophil counts in survivors 
and nonsurvivors of congenital sepsis are presented in 
Table V and the same correlation matrices for noso- 
comial sepsis 2 days before diagnosis and on the day 
of diagnosis are presented in Table VI. The cell means 
for the model used in analysis of variance for white 
blood cell count at birth and 24 hours after birth in 
congenital sepsis are shown in Table VIIA, with the 
corresponding analysis of variance shown in Table 
VIIB. l 


Comment 


The incidence of sepsis in this study corresponds to 
those of earlier recent reports.™*® Multiple risk factors 
were present in mothers of neonates with congenital 
sepsis: maternal infection, premature rupture of the 
membranes, and antenatal treatment with steroids and 
antibiotics. Nine mothers had been in the hospital for 
more than 12 hours and seven for more than 24 hours 
but the maternal-fetal infection was either not sus- 
pected or suspected only at parturition in most cases. 
Antenatal maternal treatment with steroids may have 
contributed to the seriousness of the infection in the 
neonate. Presently the methods to detect maternal in- 
fection are crude and the most sensitive test, C-reactive 
protein, has a high sensitivity but a low specificity.” 
Innovative approaches to this maternal population 
could possibly modify the very high mortality and sur- 
vivor morbidity of congenital sepsis. In our population 
congenital sepsis was caused either by virulent bacteria 
with capsular polysaccharide antigens or in one patient 
by Candida albicans. E. coli was the major pathogen, 
as shown in other reviews of the cause of neonatal sep- . 
sis. ° Group B streptococci were of minor importance 
in this study compared with its role described in the 
literature.*® This might be explained by the routine 
use of penicillin in mothers with premature rupture of 
the membranes, which cculd have selected other 
penicillin-resistant organisms. Streplococcus pneumoniae, 
Haemophilus influenzae type b, and C. albicans, each iso- 
lated once, rarely cause congenital sepsis.** All bacteria 
causing congenital sepsis were sensitive to at least one 
of the two antibiotics that are routinely used in the 
initial treatment of suspected sepsis in our unit. Am- 
picillin and gentamicin in combination should there- 
fore remain the antibiotics of choice in the treatment 
of congenital sepsis. 

The importance of S. epidermidis as a cause of noso- 
comial sepsis was shown in this study. Gram-negative 
nosocomial sepsis was rare in our unit and our results 
differ considerably from those of a study by Whyte 
et al? from the neonatal urit at the Hospital for Sick 
Children, Toronto. They studied nosocomial infections 
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Table IV. White blood cell count eg ls (mean + SD) in ae sepsis 


Within 2 days On day . - 
before diagnosis of diagnosis 


15,588 + 7,157 27,163 + 13,738 
8,199 + 5,674 15,702 + 9,427 
675 + 907 4,449 + 5,315 





Significance 


p < 0.0000004 
p < 0.000006 
p < 0.0000002 


Total white blood cell count (No./mm’) 
Polymorphonuclear leukocytes (No./mm’) 
pons neurone (No./mm’) 





Table V. Correlation matrices between total white blood cell count and polymorphonuclear and immature 
neutrophil c counts in survivors and nonsurvivors 


- Total white blood _ Polymorphonuclear 
celi count leukocyte count 






Immature 
neutrophil count 





Matrix 1. Survivors 


Total white blood cell count 1.0000 — — 

Polymorphonuclear leukocyte count 0.8461 1.0000 — 

Immature neutrophil count 0.7371 0.2859 1.0000 
Matrix 2. Nonsurvivors 

Total white blood cell count 1.0000 — — 

Polymorphonuclear leukocyte count 0.5181 1.0000 — 

Immature neutrophil count 0.8456 0.3595 1.0000 





Table VI. Correlation matrices between total white blood cell count and polymorphonuclear and 
immature neutrophil count in nosocomial sepsis 2 oa before ic and on day of Ste hae 






Immature — 
neutrophil count 





Matrix 1. 2 Days before diagnosis | 
Total white blood cell count 1.000 — —— 


Polymorphonuclear leukocyte count 0.6321 1.000 — 

Immature neutrophil count 0.0282 — 0.3220 1.0000 
Matrix 2. Day of diagnosis 

Total white blood cell count 1.000 — — 

Polymorphonuclėar leukocyte count 0.8495 1.0000 — 

Immature neutrophil count 0.6311 0.3250 1.0000 


in infants born at <32 weeks’ gestation and weighing 
<1250 gm, who were admitted from the same catch- 
ment area as the mothers in our unit. In their study 
the most commonly isolated bacteria in nosocomial sep- 
sis (33 infants) were S. epidermidis (24%), Klebsiella pneu- 
moniae (24%), and E. coli (21%). Although the catch- 
ment area is the same, the populations differ in that at 
Women’s College Hospital all infants are delivered in 
the unit, whereas the neonatal unit at the Hospital for 
Sick Children treats only referred patients, including 
a large number of patients with disorders requiring 
operation. Continuing surveillance of the bacterial flora 
in each neonatal unit is therefore important to ensure 
appropriate therapy. | 

S. epidermidis sepsis occurs in infants receiving inten- 
sive, invasive care including respiratory support and 
hyperalimentation. An intravenous infusion site is, in 
our experience, as well as in the experience of DIRIS 
the usual source of entry {Table II). 

Two of our infants, who had no obviously infected 
infusion site, had growth of the same strain of S. epi- 
dermidis in their endotracheal tubes. The trachea could 


possibly be another site of entry when an endotracheal 
tube requiring frequent manipulation is present. A 
large percentage (63%) of S. epidermidis isolates were 
resistant to methicillin but all were sensitive to vanco- 
mycin. It is important for both diagnosis and therapy 
that any indwelling infusion line Is removed as soon as 
sepsis is suspected. Treatment with vancomycin should 
be initiated when significant S. epidermidis bacteremia is 
a likely cause of sepsis in the clinical situation.’ 

The overall mortality was low (12%) compared with 
that of other studies.” The mortality in congenital sep- 
sis was 50%, which compares with 42%,' 69%,® and 
70%’ in three recent studies. In contrast there was no 
mortality in nosocomial sepsis, which has a reported 
mortality of 12%,’ 20%,‘ and 39%. 

It is well known that congenital sepsis is often asso- 
crated with neutropenia, and this association carries a 
poor prognosis.**’ This was confirmed in our study, 
as death occurred only in neutropenic infants. 

Christensen et al. found that neonates with an im- 
mature/total neutrophil ratio in excess of 0.8 are likely 
to have critical diminution of marrow neutrophil re- 
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Table VITA. Polymorphonuclear leukocyte and immature neutrophil count means, after square root 


transformation, at birth, and 24 hours later 


At birth 


Polymorphonuclear Immature Polymorphonuclear 
State leukocyte count neutrophil count leukocyte count 


Dead 21.39 19.11 
Alive 61.32 | 56.44 


Table VIIB. Analysis of variance 





Source of variation 


State (dead/alive) 
Time (birth/24 hr) 
Cell type* 

Time - cell type 


Degrees 
of freedom _ Mean square 


19781.59678 12.26 0.0081 


24 hr later 


Immature 
neutrophil count 


16.98 20.04 
89.27 52.08 





242.43708 0:23 0.6444 
1023.40869 0.42 0.5342 
436.17562 1.61 0.3453 





*Polymorphonuclear leukocyte count/immature neutrophil count. 


serves, which can be confirmed by a marrow aspirate. 
In .our study only four neonates (two died’and two 
survived) had an immature/total neutrophil ratio >0.8 
at birth or at 24 hours of age. In congenital sépsis there 
was a high correlation between total white blood cell 
counts and both polymorphonuclear leukocyte counts 
and immature neutrophil counts in survivors, but this 
correlation decreased substantially in neonates that 
died (Table V), indicating that these neonates were not 
able to mount 4 neutrophil cell response to sepsis. As 
seen in Table VIIB the main effect of state-(dead-alive) 
was the only significant result (p < 0.0081). Thus anal- 
ysis of variance confirmed that the groups that survived 
and died of congenital sepsis differed in regard to poly- 
morphonuclear leukocyte counts and immature neu- 
trophil counts. The means for polyrmorphonuclear leu- 
kocyte counts and immature neutrophil counts across 
the living group were substantially higher than the 
means in the group that died. Short of marrow aspi- 
ration, an excellent predictor of outcome in congenital 
sepsis in our population was neutropenia at birth that 
persisted at 24 hours of age. Three of six survivors with 
congenital sepsis were neutropenic at birth but had a 
normal mature neutrophil count at 24 hours of age. In 
contrast all six infants that died were neutropenic at 
birth and by 24 hours they either had died (two) 
or were still neutropenic and would eventually die 
(four). | 

Infants with nosocomial sepsis were not neutropenic 
at the time of diagnosis but showed a highly significant 
rise in total white blood cell counts, polymorphonuclear 
leukocyte counts, and immature neutrophil counts 
compared with counts within 2 days before diagno- 
sis (Table IV). In Table VI it is worth noting that 
the correlation between polymorphonuclear leukocyte 
counts and immature neutrophil counts changed di- 


rection between the two matrices, from — 0.3220 in 
matrix 1 to 0.5250 in matrix 2. Also there was a sub- 
Stantial increase in the correlation between immature 
neutrophil counts and total white blood cell counts; the 
correlation increased from 0.0282 to 0.6311. In the 
neonates with nosocomial infection in this study, a 
marked increase in total white blood cell counts, poly- 
morphonuclear leukocyte counts, and immature neu- 
trophil counts thus occurred. In contrast this response 


was lacking in neonates that died of congenital in- 


fection. 

This review shows that the causes of congenital sepsis 
differ between populations. In nosocomial sepsis the 
cause also differed from that found in another unit in 
the same city, even though thé mothers-infants were 
recruited from the same catchment area. The present 
treatment of congenital sepsis in our unit with ampi- 
cillin and gentamicin is adequate in view of bacterial 
causes. As death occurred only in congenital sepsis, in 
spite of appropriate antibiotics, efforts to improve out- 
come should concentrate on prevention and innovative 
therapies. Methods to improve early detection of ma- 
ternal-fetal infection are essential. This study identified 
a small number of neutropenic neonates with sepsis 
who may benefit from a treatment that would increase 
the number of mature granulocytes, by either exchange 
transfusion with fresh blood or granulocyte transfu- 
sion.’ As these neonates are critically ill at birth and 
deteriorate rapidly, it is essential that all diagnostic tests 
and treatment modalities are readily available on a 24- 
hour basis in spite of the rare occurrence of neonates 
that would qualify for the treatment. It is also important 
that neonates subjected to any néw type of treatment 
have long-term follow-up for evaluation of the ultimate 
effect of the treatment on perinatal morbidity and bi- 
ologic-psychological-social handicaps. 
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Postmenopausal estrogen and androgen replacement and 


lipoprotein lipid concentrations 


Barbara B. Sherwin, Ph.D., Morrie M. Gelfand, M.D., Reuben Schucher, Ph.D., and 


Joseph Gabor, M.Sc. 
Montreal, Quebec, Canada 


The effect of a combined estrogen-androgen drug on the lipoprotein lipid profile of women who received it 
parenterally as long-term postmenopausal replacement therapy was compared to that of women who had 
been receiving estrogen alone parenterally and to untreated surgically menopausal women. Plasma 
estradiol, testosterone, total cholesterol, triglycerides, high-density lipoproteins, and low-density lipoproteins 
were measured at baseline (55 days after injection) and then on days 2, 4, 8, 15, 21, and 28 after injection. 
The plasma estradiol levels were greater in the two hormone-treated groups compared with the control 
group (p < 0.01), and plasma testosterone levels of the combined group exceeded those of the other two 
groups (p < 0.01) and remained above the normal female range for the duration of the study. There were no 
between-group differences in total cholesterol, triglycerides, high-density lipoprotein, or low-density 
lipoprotein values. Neither was the low-density/high-density lipoprotein ratio significantly different between 
groups at any of the test times. Therefore, the addition of testosterone to a long-term parenteral estrogen 
replacement regimen did not induce an increased atherogenic lipid profile compared with that produced by 
the parenteral administration of estrogen alone. (Am J Osstet GYNECOL 1987;156:414-9.) 


Key words: Estrogen, androgen, menopause, lipoproteins 


It has been well established that atherosclerotic vas- 
cular disease is less frequent in premenopausal women 
than in men of similar age.’ Although the mechanisms 
of action are not clear, this sex difference is thought to 
be related, at least in part, to effects of the sex steroids 
on lipid metabolism. The premenopausal lipoprotein 
profile that is characterized by higher high-density h- 
poprotein (HDL) cholesterol and lower low-density li- 
poprotein (LDL) cholesterol concentration compared 
with that of the male profile is considered antiathero- 
genic.” Moreover, oral estrogens administered to post- 
menopausal women have been shown to increase HDL 
and decrease LDL.’ 

We have previously demonstrated that surgically 
menopausal women who received an estrogen-andro- 
gen preparation parenterally as replacement therapy 
had fewer physical and psychological symptoms,’ less 
depressed mood,’ and increased levels of sexual func- 
tioning® compared with women who received estrogen 
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alone. Because of the strikingly superior clinical efficacy 
of the combined drug compared with estrogen alone, 
it seemed important to determine whether the addition 
of androgen to a postmenopausal estrogen replacement 
regimen might affect lipoprotein metabolism in women 
thus treated. More specifically, our goal was to inves- 
tigate (1) whether parenteral testosterone, adminis- 
tered in combination with long-term estrogen, would 
militate against the beneficial effects of estrogen on 
lipoprotein subfractions and/or (2) whether it would 
induce a malelike lipoprotein profile in treated women, 
thereby possibly increasing their risk of coronary heart 
disease. 


Material and methods 


Subjects. The participants in this study were three 
groups of women who had undergone a total abdom- 
inal hysterectomy and bilateral salpingo-oophorectomy 
for benign disease at least 2 years before recruitment 
into the study. Women in group I| had been receiv- 
ing an estrogen-androgen preparation intramuscularly 
once a month since operation. Group 2 was composed 
of women who were given a monthly injection of es- 
trogen alone while women in group 3 had remained 
untreated since total abdominal hysterectomy and bi- 
lateral salpingo-oophorectomy at least 2 years ago. Sub- 
jects in the three groups were matched for age, weight, 
height, and years since operation. Fuurther selection 
criteria required that subjects be free of acute or 
chronic disease and that thev not be receiving any other 
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Table I. Subject characteristics in the experimental and control groups (mean + SD) 


Group I 
(estrogen-androgen) 
Age 50.2 + 4.7 
Weight (pounds) 138.8 + 7.3 
Height (inches) 64.6 + 2.0 


Years since operation 3.6 + 1.4 


Group 2 Group 3 
(estrogen alone) (control, untreated) 
52.12.53 53.1 + 5.8 
135.7 + 6.8 141.2 + 8.1 
63.1 + 2.2 63.0 + 1.7 

4.2 + 2.1 4.9 + 2.4 


Table II. Mean plasma estradiol levels for the seven test times 


Baseline 67.9 + 1.7*+ 
Day 2 258.1 + 5.6 
Day 4 167.8 + 3.3 
Day 8 111.6 + 2.5§ 
Day 15 103.8 + 1.78 
Day 21 90.0 + 1.7§ 
Day 28 89.3 + 18t§ 


Estradiol (pg/ml) (mean + SEM) 


Estrogen-androgen Estrogen-alone 
Time group group group 


Control 


33.0 + 1.64 4.9+ 1.2 
363.8 + 8.17 — 
354.3 + 10.87 — 
270.5 + 21.07 — 
175.3 + 11.8% — 
116.6 + 8.0* — 

66.9 + 6.1*7 


*Within-group significant difference at p < 0.0] level compared with values for days 2, 4, and 8. 
{Significantly greater than values for other group(s) at p = 0.01 level. 

tWithin-group significant difference at p < 0.0] level compared with values for days 2, 4, 8, and 15. 
§Within-group significant difference at p < 0.01 level compared with values for days 2 and 4. 


medications. Women who ingested more than 6 ounces 
of wine or 2 ounces of liquor per day or who smoked 
were also excluded from the study. Subjects recruited 
from the McGill Menopause Clinic gave informed, 
signed consent by means of a form that had been ap- 
proved by a university hospital ethics committee. 

Procedure. A three (groups) by seven (time periods) 
design was used. The attempt was made to establish a 
baseline by which time the previous dose of hormones 
would have been as completely metabolized as possible. 
Accordingly, subjects in groups 1l and 2 were asked to 
delay injection of hormone(s) for 4 weeks beyond their 
usual monthly appointment. At the onset of the study, 
therefore, the women would not have received a hor- 
mone injection for approximately 56 days. Then 30 ml 
of blood was drawn by venipuncture for the measure- 
ment of plasma estradiol, testosterone, triglycerides, 
HDL, LDL, and total cholesterol. This first sample, 
taken approximately 56 days after hormone adminis- 
tration, was designated as the baseline measure. Sub- 
jects in group 1 were then injected with 1 ml of the 
estrogen-androgen drug they had previously been re- 
ceiving and group 2 received the usual dosage (1 ml) 
of the estrogen-alone drug. Blood was subsequently 
sampled on days 2, 4, 8, 15, 21, and 28 after injection 
for assay of plasma hormone levels and lipoprotein 
subfraction concentrations. Untreated women in the 
control group had two blood samples taken 28 days 
apart for measurement of hormone and lipoprotein 
concentrations. 


Drugs. One milliliter of the estrogen-androgen com- 
bined drug (Climacteron) and | ml of the estrogen- 
alone drug (Delestrogen) were administered intramus- 
cularly once during the study to subjects in groups 1 
and 2, respectively. These were the same drugs in the 
same recomended dosages as had been given to women 
in groups 1 and 2 monthly for approximately 2 years 
before this investigation. The specific constituents and 
dosages per milliliter of both hormonal preparations 
are as follows: For the estrogen-androgen combined 
drug (Climacteron), each milliliter contains 150.0 mg 
of testosterone enanthate benzilic acid hydrozone, 7.5 
mg of estradiol dienanthate, and 1.0 mg of estradiol 
benzoate. For the estrogen-alone drug (Delestrogen), 
each milliliter contains 10.0 mg of estradiol valerate. 

Plasma hormone levels. Thirty milliliters of blood 
was collected from each subject at each test time. Blood 
sampling occurred between 8 and 9 am after an over- 
night 15-hour fast. Fifteen milliliters of blood was im- 
mediately centrifuged and the plasma was stored at 
— 20° C for the hormone assays undertaken at the con- 
clusion of the study. Plasma estradiol was measured in 
duplicate by radioimmunoassay with the use of an an- 
tibody raised to 17-estradiol—succinyl-bovine serum 
albumin after extraction into ethyl ether; charcoal 
was used as the adsorbent.* The limit of the assay 
sensitivity was 5 pg/ml. Serum testosterone levels 


*A list of references for all assays will be provided on request 
to the authors. 
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Table ITI. Mean plasma testosterone levels for the seven test times 


Testosterone (ng/ml) (mean + SEM) 


Estrogen-androgen Estrogen-alone Control 
Time group group . group 

Baseline 2.1 + 0.04*F 0.38 + 0.1 0.22 + 0.01 
Day 2 2.6 + 0.05* 0.34 + 0.07 — 
Day 4 2.7 + 0.05* 0.42 + 0.04 — 
Day 8 3.1 + 0.06* 0.36 + 0.08 — 
Day 15 2.7 + 0.05* 0.32 + 0.07 — 
Day 21 2.4 + 0.04*+ 0.30 + 0.07 — 
Day 28 2.3 + 0.04*ł 0.28 + 0.01. 0.24 + 0.01 

*Significantly greater than values for the other group{s) at p = 0.01 level.. 

tWithin-group significant difference at p < 0.01 level compared with values for days 4, 8, and 15. 

tWithin-group significant difference at p < 0.01 level compared with value for day 8. 

Table IV. LDL/HDL ratios (mean + SD) for the three groups at each test time 
Group I Group 2 Group 3 
Time (estrogen-androgen) (estrogen alone} (control, untreated) 

Baseline IILE 1.2 3.08 + 1.6 3.15 + 0.6 
Day 2 3.16 + 1.4 2.78 1.6 = 
Day 4 3.04 + 1.3 2.54 + 1.3 _— 
Day 8 2.98 + 1.3 2.09 2-1] = 
Day 15 4.15 + 1.2 2.87 + 1.4 ~— 
Day 21 3.04 + 1.3 2.90 + 1.5 — 
Day 28 2.92 + 1.5 2.96 + 1.6 3.22 + 0.8 


were measured by means of the immuno-testosterone 
iodine 125 extraction method. The lower level of sen- 
sitivity of the testosterone '*I assay in female serum 
was 0.1 ng/ml. All samples from each subject were mea- 
sured twice in the same assay at the conclusion of the 
study. 

Lipoprotein lipids. Serum triglyceride determina- 
tions were performed with the S.V.R. Enzymatic Tri- 
glycerides Tests obtained from Behring Diagnostica 
(La Jolla, California), based on the method of Bucolo 
and David. Total serum cholesterol was measured 
by an enzymatic technique with a reagent obtained 
from Fisher Scientific, Montreal, Quebec, Canada. Se- 
rum HDL cholesterol was determined according to a 
method of precipitation with polyanions described by 
Burnstein et al. LDL cholesterol was estimated by 
indirect calculation (LDL cholesterol = total choles- 
terol — [HDL + triglycerides/5}). 

Statistical analyses. Hormonal and lipid data were 
analyzed with the use of BMDP analysis of variance for 
repeated measures for groups X time blocks. Within- 
and between-group Tukey post hoc tests were then 
used to probe significant group X time analysis of var- 
jance interactions when they occurred. 


Results 


Subject characteristics. Forty-two women partici- 
pated in this study; 20 were in group 1, 11 in group 2, 
and 11 in group 3. As seen in Table I, there were no 
significant differences between the three groups for 


- 


any of the matching variables we used initially. More- 
over, all subjects were in good general health and none ` 
were currently receiving any medications except for 
hormones. Review of pathology reports of the subjects 
revealed that all of the women had undergone total 
abdominal hysterectomy and bilateral salpingo-oopho- 
rectomy for benign uterine fibroids. At the outset of 
the study, subjects were able to delay monthly injections 
for a mean of 55 days (range 52 to 55 days). Therefore, 
this period of time defines the baseline measure. 

Plasma hormone levels. Mean plasma estradiol levels 
for the seven test times appear in Table II. Except for 
the baseline measure, estradiol values of both hormone 
groups exceeded those of the untreated control group 
at every test time (p < 0.01). Also, on days 2, 4, 8, and 
15 after injection, women in the estrogen-alone group 
had mean estradiol levels that were higher than levels 
of those who received the combined estrogen-androgen 
drug (p < 0.01). 

Analysis of plasma testosterone levels showed that 
values of the combined estrogen-androgen group ex- 
ceeded those of both the estrogen-alone and the control 
group at every test time (p < 0.01) (Table III). Within- 
group analyses showed that the estrogen-androgen 
group's testosterone levels were greater on days 4, 8, 
and 15 after injection compared with baseline and 
postinjection day 28 values. However, testosterone 
levels of the estrogen-alone and the control groups re- 
mained stable throughout the course of the investi- 
gation. 
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Fig. 1. Total cholesterol levels (mean + SEM). E = Estro- 
gen group; CON = control group; E-A = estrogen-androgen 
group, 


Lipoprotein cholesterol. Total cholesterol levels of 
the three groups appear in Fig. 1. Although there were 
no significant differences between the cholesterol levels 
of the three groups at any of the test times, the analysis 
of variance did show a significant main effect for group 
(p < 0.01). Post hoc tests revealed that whereas total 
cholesterol levels of both the combined estrogen-an- 
drogen group and the control group remained quite 
stable throughout the treatment phase, values of the 
estrogen-alone group were lower on day 4 after injec- 
tion compared with values on days 15 and 21 (p< 
0.05). Analysis of triglyceride levels showed that there 
were no significant differences between the groups at 
any of the test times throughout the course of the study. 
Neither did triglycerides levels fluctuate in the two hor- 
mone-treated groups in association with changes in the 
circulat:ng hormone levels as the drugs were being me- 
tabolized. . 

Differences in HDL levels between the groups also 
failed to attain statistical significance at any point in 
time during the study, as seen in Fig. 2. However, 
once again, the analysis of variance showed a main ef- 
fect for group (p < 0.02). Within-group post hoc anal- 
yses showed that, in the combined estrogen-androgen 
group, HDL levels were lower on day 2 after injection 
than on day 28 (p < 0.05), and in the estrogen-alone 
group, HDL values were lower at baseline and on day 
4 after injection than on day 21 (p < 0,05). Similarly, 
LDL levels also differed only within the two hormone- 
treated groups. As seen in Fig. 3, LDL was lower in the 
combined group on postinjection day 8 compared with 
baseline (p < 0.05). In the estrogen-alone group, LDL 
was lower on days 4 and 8 after injection compared 
with baseline values and values on days 15, 21, and 28 
(p < 0.05). . 

Mean LDL/HDL ratios were computed for each 
group at each time period (Table IV). The analysis of 
variance on these data failed to find a significant in- 
teraction or main effect. 
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Fig. 2. HDL levels (mean + SEM). E = Estrogen group; 
CON = control group; E-A = estrogen-androgen group. 
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Fig. 3. LDL levels (mean + SEM). E = Estrogen group; 
CON = control group; E-A = estrogen-androgen group. 


Comment 


The major finding of this study was that the addi- 
tion of testosterone to a parenteral estrogen replace- 
ment regimen for postmenopausal women did not ad- 
versely affect the lipoprotein cholesterol profile in these 
women compared with patients treated with parenteral 
estrogen alone and with bilaterally oophorectomized 
women who remained untreated. Before we discuss 
these results, several points need to be addressed. 

The dosage of estradiol administered to the estrogen- 
alone group (estradiol valerate, 10 mg) and that ad- 
ministered to the combined estrogen-androgen group 
(estradiol dienanthate, 7.5 mg, and estradiol benzoate, 
1 mg) both induced increases in plasma estradiol levels 
that remained significantly higher than baseline levels 
until postinjection day 15. The estrogen-alone drug 
induced higher estradiol levels than did the combined 
preparation for the first postinjection week, but at all 
times during the study, plasma estradiol levels were 
within the range of normally fluctuating menstrual cy- 
cle values in both hormone-treated groups.’ These val- 
ues also fall within the ranges that are thought to pro- 
vide adequate protection against postmenopausal os- 
teoporosis.” On the other hand, plasma testosterone 
levels of women who received the combined drug ex- 
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ceeded those of the estrogen-treated and the control 
groups at every point in time during the course of the 
investigation. These .values also exceeded norms for 
ovulating women as well as the norms for women es- 
tablished in the laboratory that carried out these assays 
(0.2 to 1.2 ng/ml). It was also noted that plasma tes- 
tosterone levels of the combined group were sustained 
at higher levels for a considerable period of time (83 
days in this study). Although no other reports of the 
intramuscular administration of testosterone to women 
could be located, these findings are similar to those 
documented after implant therapy. In one such inves- 
tigation, subcutaneous implantation of pellets contain- 
ing 75 mg of estradiol and 75 mg of testosterone in- 
duced plasma testosterone levels that peaked at 2.5 ng/ 
ml after 2 weeks.? Moreover, circulating testosterone 
levels in that study did not decrease to pretreatment 
values until 18 weeks after implantation. Plasma tes- 
tostérone levels that exceeded female norms were also 
reported one month after subcutaneous implantation 
of 40 mg of estradiol and 100 mg of testosterone, and 
levels still remained elevated above the normal female 
limit by 6 months.'® Our findings indicate that intra- 
muscularly administered testosterone is also metabo- 
lized very slowly. Despite this, only one subject who 
received the combined drug had hirsutism that was 
characterized by a mild growth of hair on the chin and 
a moderate growth on the abdomen and legs. None of 
the other women had any signs of virilization as deter- 
mined by direct questioning and by physical exami- 
nation. > 

The evidence that testosterone decreases HDL and 
increases LDL, thereby creating an atherogenic lipid 
profile, is impressive. Firstly, life-span distribution of 
LDL and HDL in both sexes shows that HDL levels are 
lower in men than in’ women from puberty onward 
whereas LDL levels are higher in men than in women 
until menopause. Furthermore, the LDL/HDL choles- 
terol ratio is higher in men at all stages in the life-span 
although the risk ratio does narrow progressively with 
increasing age."' These sex differences in lipid profiles 
are thought to reflect the endogenous differences in 
concentrations of the sex steroids. Experimental ma- 
nipulation of androgens in men supports this conclu- 
sion. Normal men who received a long-acting gonad- 
otropin-releasing hormone analog for 10 weeks had 
acutely lowered plasma testosterone levels that were 
associated with significant increases in HDL and LDL 
cholesterol.’? Conversely, male athletes who self-ad- 
ministered fairly large doses of anabolic-androgenic 
steroids both orally and intramuscularly experienced a 
significant decrease in HDL cholesterol and an increase 
in LDL cholesterol compared with the values when ex- 
ogenous androgenic steroids were not being used. 

Several studies in women have also reported that 
hyperandrogenemia may result in a male pattern of 
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lipoprotein lipid concentrations that could increase ath- 
erogenic potential. Women with polycystic ovary syn- 
drome who had elevated testosterone levels also had 
lower HDL and higher LDL values compared with 
those of normal subjects.'* When a normolipidemic 
postmenopausal woman was given an ‘androgenic, 
anabolic steroid orally, HDL decreased while LDL 
increased,’ . 

On the basis of the evidence of the effects of andro- 
gen on lipoprotein lipid concentrations, it might have 
been predicted that our subjects who had been receiv- 
ing long-term estrogen and testosterone would have 
had lower HDL and higher LDL values compared with 
values of both estrogen-treated and untreated women, 
yet they did not. Several explanations of our findings 
are possible, First, it has by now been firmly established 
that the administration of exogenous estrogen to post- 
menopausal women increases HDL and decreases 
LDL.? The findings that HDL levels of-the estrogen- 
alone group were significantly higher by day 21 after 
injection and that LDL levels were lower on days 4 
and 8 compared with baseline values are consistent with 
previous reports. It is possible therefore that the spe- 
cific doses of each of the sex steroids contained in the 
combined preparation we used exerted an equal and 
opposite effect on lipoprotein lipid concentrations such 
that the net effect was to maintain their stability. Al- 
ternatively, itis possible that between-group differenceés 
were not significant because of the greater variability 
in the estrogen-alone group that, in turn, was likely due 
to its smaller sample size. Confirmation of these find- 
ings therefore awaits replication with a and equal 
sample sizes. 

A third possible explanation of our findings is based 
on the suggestion that the route of administration may 
modulate responses to hormone therapy. Percutaneous 
and vaginal administration of estradiol do not cause the 
increases in triglycerides and very low-density lipo- 
protein observed during oral therapy.'* 7 In the pres- 
ent study as well, intramuscular injection of estradiol 
did not induce changes in lipoprotein lipids compared 
with control values of untreated women. Furthermore, 
it has been shown that subcutaneous implantation of 
pellets containing 40 mg of estradiol and 100 mg of 
testosterone did not cause any changes in cholesterol, 
triglycerides, or HDL from pretreatment | levels.!° Far- 
ish et al’? likewise found that subcittaneous pellets of 
50 mg of estradiol and 100 mg of testosterone had no 
effect on HDL fractions but testosterone appeared to 
slightly enhance the LDL cholesterol—lowering effect 
of estradiol as it seemed to do in the present study. 

‘Despite the fact that no significant between-group 
differences were found, there are hints in these data 
that the exogenous testosterone may, at times, have 
induced a more malelike lipoprotein profile that was 
of short duration. For example, the depression in HDL 
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levels on day 2 after injection in the combined group 
may have reflected a transient androgenic effect. Also, 
in absolute terms, HDL levels were lower in the com- 
bined group compared with the estrogen group al- 
though this fell short of statistical significance. Finally, 
mean-LDL/HDL ratios of the combined group were 
higher than those of the estrogen group at six of the 
seven test times although, orice again, these too failed 
to attain statistical significance. Thus, if the exogenous 
testosterone we administered did have an effect on li- 
poprotein lipids, it was mild, transient, and of ques- 
tionable clinical meaningfulness. 

In summary, this study found that the addition of 
testosterone to a.parenteral estrogen replacement reg- 
imen did not adversely influence the lipid profile of 
postmenopausal worhen thus treated for 2 years. This 
conclusion, however, applies to the specific doses and 
route of administration used in this study and cannot 
be gerieralized to other androgenic compounds or to 
other routes of administration. 
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Effects of adenosine 3’,5'-cyclic monophosphate, forskolin, 
and cholera toxin on hormone production in human term 


placental cells 


Fuzhen Zhou,* Basil Ho Yuen, M.B., and Peter C. K. Leung, Ph.D.** 


Vancouver, British Columbia, Canada 


Trophobiast cells from human term placenta in monolayer culture were used to investigate the role 

of adenosine 3’,5’-cyclic monophosphate in the production of human chorionic gonadotropin and 
estradiol-17B. The intracellular concentration of adenosine 3’,5’-cyclic monophosphate was elevated by (1) 
addition of an adenosine 3’,5’-cyclic monophosphate analogue, 8-bromoadenosine 3',5’-cyclic 
monophosphate, (2) inhibition of the hydrolysis of G,-GTP complex by cholera toxin, and (3) direct 


stimulation of adenylate cyclase with forskolin. Addition of 2 mmol/L of 8-bromoadenosine 3’,5’-cyclic 
monophosphate markedly increased the accumulation of human chorionic gonadotropin in the culture 
medium on days 2, 3, and 4 of treatment. Likewise, addition of cholera toxin (0.2 g/ml) or forskolin (50 
nmol/L) also enhanced human chorionic gonadotropin production. On the other hand, the production of 
estradiol-178 was significantly inhibited by 8-bromoadenosine 3’,5’-cyclic monophosphate, at the same 
time that human chorionic gonadotropin production was enhanced in the same experiments. These results 
further support a differential role of adenosine 3’ ,5’-cyclic monophosphate on human chorionic 
gonadotropin and estradiol-17B production in the human term placenta. (Am J OBSTET GYNECOL 


1987;156:420-4.) 


Key words: Chorionic gonadotropin, human, placental cell culture, cyclic adenosine 


monophosphate 


Although various ‘factors that influence placental 
hormone production have been studied extensively,' 
controversies exist concerning the possible role of these 
factors. With regard to human chorionic gonadotropin 
(hCG), it has been shown that the production of hCG 


by trophoblast is stimulated by adenosine 3’,5’-cyclic | 


monophosphate (cAMP).”* To our knowledge, the ef- 
fects of other factors that perturb the cAMP-generating 
system at the cellular level (such as forskolin and chol- 
era toxin) on hCG have not been investigated. The 
effects of cAMP on placental steroidogenesis appear to 
be more complex. While stimulation of trophoblast aro- 
matase activity by cAMP has been demonstrated in cho- 
riocarcinoma cells,2* cAMP inhibited estradiol-178 se- 
cretion in human term placental explants supple- 
mented with dehydroepiandrosterone sulfate.” On the 
other hand, other investigators have shown that the 
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addition of dibutyryl cAMP plus theophylline to the 
culture medium had no effect on aromatase activity 24 
hours after its addition but decreased aromatase activity 
after 48 hours in placental cell culture.° 


In view of the still confusing role of cAMP on pla- 
cental hormone production, the purpose of this study 
is to, examine the effects of exogenous cAMP, as well 
as forskolin and cholera toxin, on the production of 
hCG and estradiol-178, with use of human term pla- 
cental cells in monolayer culture. 


Material and methods 


Cell culture. The placental cells were prepared ac- 
cording to Hall et al.’ and Branchaud et al.” with some 
modifications. The portions of term placental cotyle- 
dons obtained from cesarean section were transported 
in Hanks balanced salt solution without calcium and 
magnesium (Gibco) under aseptic conditions. The tis- 
sues were rinsed thoroughly with Hanks balanced salt 
solution and finely minced. The excess buffer was dis- 
carded following centrifugation at 50 x g for 5 min- 
utes. Approximately 5 to 19 gm of tissue was then di- 
gested in 30 to 100 ml of 0.25% trypsin (Gibco) and 
deoxyribonuclease (500 U/100 ml, Sigma) in Hanks bal- 
anced salt solution. The digest was incubated at 37° C 
and agitated by hand intermittently every 5 minutes. 
After 10 to 15 minutes of incubation the supernatant 
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Table I. Effects of 8-Br-cAMP on hCG and estradiol-17B production in human placental cells in 


monolayer culture 


Treatment 


hCG (mIU/ml) 


Day of treatment 


Control 65 206 62.8 + 3.9 230.8 + 14.7 265.8 + 20.8 
8-Br-cAMP 123.3 + 13.6% 980.5 + 17.24 427.8 + 18.4* 
Estradiol-17B (pg/ml) 
Control 340 + 38 552 + 67 582 + 39 597 + 48 
8-Br-cAMP 364 + 29% 346 + 93+ 373 + 62+ 
*p < 0.01. 
tp < 0.05. 


Table II. Effects of forskolin on hCG and estradiol-178 production on human placental cells in 


monolayer culture 


Treatment 


hCG (mI U/ml) 


Day of treatment 


Control 7.2 + 0.5 19.5 + 0.5 113.3 + 8.2 71.4 + 15.7 
Forskolin 31.4 + 3.2* 218.1 + 8.1* 192.7 + 40.8+ 
Estradiol-176 (pg/ml) 
Control 506 + 25 643 + 35 722 + 80 672 + 31 
Forskolin ` 591 + 48 647 + 64 653 + 29 
*p < 0.01. 
Tp < 0.05. 


was transferred to centrifuge tubes containing 0.7 ml 
of fetal bovine serum (Gibco). The cells were harvested 
by centrifugation at 50 x g for 10 minutes. The su- 
pernatant was discarded. The pellet was covered by 
fetal bovine serum and kept in ice bath. This procedure 
was repeated up to six times. The large amount of 
erythrocytes was lysed by adding 10 ml of freshly made 
ammonium chloride—phosphate buffer (0.83% am- 
monium chloride in phosphate-buffered saline solu- 
tion, pH 7.2) and kept in an ice bath for 8 minutes. 
One ml of fetal bovine serum was then layered onto 
the bottom of the tube carefully. The tube was centri- 
fuged at 100 x g for 8 minutes. The pellet was washed 
once and resuspended in minimal essential medium 
(Gibco) with 10% fetal bovine serum. Aliquots of ap- 
proximately 5 X 10° cells/ml were plated in 24-well cul- 
tured plates (Falcon) and incubated at 37° C in an at- 
mosphere of 95% air and 5% carbon dioxide for 4 days. 
The culture medium was changed daily. The cells were 
treated with 8-bromoadenosine 3',5’-cyclic monophos- 
phate (€-Br-cAMP, 2 mmol/L, Sigma), forskolin (50 
mol/L, Sigma) or cholera toxin (200 ng/ml, Sigma). 
At the end of the experiment the culture medium 
samples were stored at —20° C until hormone mea- 
surements. 

All experiments were performed in quadruplicate. 
Each sample of culture medium was assayed for hCG 


and estradiol-17B by radioimmunoassays, as previously 
described.’ Measurement of hCG was made with the 
Amerlex -hCG radioimmunoassay kits purchased 
from Amersham. Data for hCG are based on the second 
international standard. Results are presented as the 
mean + SE. Statistical differences were determined by 
analysis of variance. 


Results 


As indicated in Tables I and II, basal production of 
hCG by the cultured placental cells increased markedly 
in a linear fashion from the low levels observed on 
day 1 of treatment (6.5 + 0.6 mIU/ml and 7.2 + 0.5 
mIU/ml, respectively) to reach maximal hCG levels on 
day 3 (230 + 14 mIU/ml and 113 + 8 mIU/ml, re- 
spectively). This represents a 15- to 35-fold increase in 
hCG production in the contro] cultures over a period 
of 3 days. By contrast, the production of basal estra- 
diol-178 in the same experiments was already maximal 
on the first day so that the levels of estradiol-17B in the 
control cultures were not significantly altered (p > 
0.05) on days 2, 3, and 4. 

Addition of 2 mmol/L of 8-Br-cAMP to the cultured 
placental cells markedly enhanced hCG production 
(Table I). The stimulation of hCG was already signifi- 
cant (p < 0.01) as early as 24 hours after 8-Br-cAMP 
addition, with the level of hCG at this time reaching 
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Table IJI. Effects of forskolin and cholera 
toxin on hCG and estradiol-178 secretion by 
human placental cells in monolayer culture 


Treatment hCG (mIU/ml) Estradiol-17B (pg/ml) 
Control 72.8 + 5 514 + 30 
Forskolin 171.7 = 111° 548 + 53 
Cholera toxin 124.9 + 6.1f 560 + 115 
*p < 0.01. 
tp < 0.05. 


200% of that in control cultures. The stimulated level 
of hCG remained linear up to day 4 of treatment. On 
day 4 of 8-Br-cAMP stimulation the level of hCG was 
160% of that observed in control cultures (p < 0.01). 
Similar results were obtained in at least three other 
separate experiments. 

In sharp contrast to the stimulatory action on hCG 
production, the addition of 2 mmol/L of 8-Br-cAMP 
significantly attenuated estradiol-178 production in the 
same cultured placental cells. As indicated also in Ta- 
ble I, the inhibitory effect on estradiol-178 was ob- 
served as early as 24 hours after addition of 8-Br-cAMP 
(from 552 + 67 pg/ml to 364 + 27 pg/ml, p < 0.05). 
On day 4 of treatment the level of estradiol-178 in the 
8-Br-cAMP—treated cultures was still significantly sup- 
pressed (p < 0.01) to 62% of the level observed in the 
control cultures. 

Since forskolin activates adenylate cyclase directly to 
stimulate intracellular production of cAMP, we have 
examined the possible effect of forskolin on placenta! 
hCG and estradiol-178 production. It can be seen in 
Table II that 50 pmol/L forskolin, a dose previously 
shown to stimulate cAMP production in other tissues, 
markedly enhanced hCG production in cultured pla- 
cental cells. Like 8-Br-cAMP, the stimulatory effect of 
forskolin was observed as early as 1 day after its ad- 
dition to the cells (p < 0.01). On day 4, the forskolin- 
stimulated hCG level was 270% when compared with 
that found in control cultures (p < 0.01). Also, the ad- 
dition of 10 pmol/L of forskolin was effective in stim- 
wlating hCG production in other experiments (not 
shown). On the other hand, addition of either 10 or 50 
pmol/L of forskolin failed to significantly affect the 
levels of estradiol-17B on days 2, 3, or 4 of treatment 
(p > 0.05, Table II). 

We next examined the possible effects of cholera 
toxin, which is also known to stimulate cAMP produc- 
tion. As in the previous experiments with forskolin, 
addition of cholera toxin to the culture medium (on 
day 1) also stimulated hCG production on days 2, 3, 
and 4 of culture, Results of a representative experiment 
are shown in Table III. Addition of cholera toxin (200 
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ng/ml) on day 1 caused a significant increase (170%) 
in hCG (p < 0.01) when compared with control cul- 
tures on day 2 of treatment. In the same experiment, 
50 pmol/L of forskolin was slightly more effective than 
cholera toxin, stimulating hCG to 237% of control level 
on day 2 (p < 0.01). The degrees of hCG stimulation 
caused by cholera toxin and forskolin, however, were 
the same on days 3 and 4 of treatment (not shown). 
Like forskolin, the presence of cholera toxin also did 
not affect the production of estradiol-17B when com- 
pared with control cultures (Table III). Again, almost 
identical results were obtained in at least two other 
experiments. 


Comment 


The present results are consistent with previous re- 
ports that the producuon of hCG in trophoblast cells 
is stimulated by cAMP.**'° In this study the intracel- 
lular concentrations of cAMP is elevated by (1) the ad- 
dition of a cAMP derivative, 8-bromo-cyclic AMP, (2) 
direct stimulation of adenylate cyclase with forskolin, 
or (3) inhibition of the hydrolysis of G,-GTP complex 
by cholera toxin. In the present placental cell culture 
system, the basal hCG level reaches its peak value on 
day 3 and remained elevated on day 4 of the experi- 
ment. Addition of 8-Br-cAMP, forskolin, or cholera 
toxin markedly stimulated hCG production. This stim- 
ulation could be observed as early as 24 hours after 
treatment and persisted at least to the end of the study 
on the fourth day. 

The role of cAMP in the regulation of hCG produc- 
tion is not clear. Khodr and colleagues'™ °? have pro- 
posed that placental hormonal production could be af- 
fected by human chorionic gonadotropin—releasing 
hormone (hCGnRH) which is synthesized by cytotro- 
phoblast. The stimulatory action of hCGnRH on hCG 
is believed to be cAMP-mediated. In support of this, a 
gonadotropin-releasing hormone receptor that acti- 
vates cAMP has been reported in human placenta by 
Currie et al. Also, it has been demonstrated that cAMP 
itself is accumulated after treatment of placenta with 
exogenous gonadotropin-releasing hormone. Thus the 
present finding of remarkably similar stimulation of 
hCG by 8-Br-cAMP, forskolin, and cholera toxin may 
well reflect a role of cAMP in the signal transduction 
of hCGnRH in the human placenta. 

The influence of cAMP on placental estradiol- 
178 production is more controversial. In choriocarci- 
noma cells aromatase activity could be stimulated by 
cAMP.** Moreover, Hochberg et al.’* reported that ad- 
dition of dibutyryl cAMP to placental cell culture stim- 
ulated estrogen secretion. By contrast, Lobo et al.® 
failed to stimulate aromatase activity with the combi- 
nation of cAMP and theophylline in human term pla- 
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cental cell in monolayer culture, while Haning et al.° 
reported that cAMP decreased estradiol-178 output in 
placental explants supplemented with dehydroepian- 
drosterone sulfate. 

Unlike hCG, the production of estradiol-178 re- 
mained relatively unchanged throughout the 4 days of 
experiment in the present study. As no additional pre- 
cursor steroids (for example, dehydroepiandrosterone 
sulfate) were added to the culture medium, estradiol- 
178 production by the placental cells was low and prob- 
ably dependent on the very low concentrations of 
precursor steroids in the fetal bovine serum added. 
Nevertheless, in most experiments the concentration of 
estradiol-178 in the culture medium reached its peak 
value by day 2 and remained elevated above day 1 levels 
until the end of the study (that is, day 4). In contrast 
to its effect on hCG, the addition of 8-Br-cAMP to the 
placental cells caused a significant inhibition of estra- 
diol-178 production. This latter effect occurred as early 
as 24 hours after the addition of 8-Br-cAMP and per- 
sisted throughout the entire 3 days of treatment. In 
placental explants, other investigators have proposed 
that the inhibitory effect of 8-Br-cAMP on estradiol- 
178 production may result from a possible blockade of 
steroid 3-sulfatase, the rate-limiting step of conversion 
of dehydroepiandrosterone sulfate to estradiol-178 in 
trophoblast cells.* In the present study, since the steroid 
precursors available to the placental cells from the fetal 
bovine serum were presumably low in concentration 
and certainly not all sulfated, the precise locus of in- 
hibition caused by 8-Br-cAMP remains to be deter- 
mined. Likewise, the failure of either forskolin or chol- 
era toxin to affect estradiol-178 production is rather 
difficult to explain, especially in view of the present 
finding that both forskolin and cholera toxin were ef- 
fective in stimulating hCG production in the same pla- 
cental cells. On the assumption that steroid 3-sulfatase 
or aromatase is indeed affected by cAMP, the possibility 
exists that the intracellular concentrations of cAMP in- 
duced by forskolin or CT, while effective in enhancing 
hCG production, may not be sufficient enough to sig- 
nificantly perturb these enzymes in the placental cells. 
Further investigation is warranted to clarify this point. 

More recently Siler-Khodr et al.'® have shown that, 
while synthetic gonadotropin-releasing hormone stim- 
ulates both hCG and estradiol-178 release from term 
placental tissue culture, the stimulation of hCG pro- 
duction by gonadotropin-releasing hormone only oc- 
curred after extended culture and when steroid levels 
were low. Likewise, Branchaud et al.* have found that 
the addition of dehydroepiandrosterone sulfate to the 
culture medium of placental cell cultures significantly 
inhibited the stimulatory action of gonadotropin-re- 
leasing hormone in hCG release. In the present study, 
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2 mmol/L of 8-Br-cAMP stimulated hCG release, while 
the production of estradiol-178 was inhibited in the 
same cultures. Thus it can be speculated that the mod- 
ulation of placental production of hCG and estradiol- 
178 by cAMP, like gonadotropin-releasing hormone, 
may follow a reciprocal relationship. Further investi- 
gations will be needed to determine which specific en- 
zymes are altered by elevated cAMP concentrations, as 
well as the possible causal relationship between gonad- 
otropin-releasing hormone and cAMP action in the pla- 
cental cells. 


The excellent technical and editorial assistance of Ms. 
Joan Morgan and Miss Mary-Ann Ungless is gratefully 
acknowledged. 
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Clinical Opinion 


Psychosis and pregnancy: Some new ethical and legal 
dilemmas for the physician 


E. Earlene Dal Pozzo, M.D., and Frank H. Marsh, J. D., ss D. 
Denver, Colorado 


Physiciars who treat women of childbearing age may encounter the presentation of psychosis in a 

pregnant woman that presents special problems in diagnosis and treatment, particularly ethical and legal 
considerations that center on the rights of the mother as well as the continually evolving definition of fetal 
rights. This article represents a collaborative effort to address these considerations. Representative case 
material from the treatment of a psychotic pregnant patient is presented with a focus on the nature of the 


contractual relationship of the treating physician with the mother and fetus. (AM J OBSTET GYNECOL 


1987;156:425-7.) 


Key words: Privacy, compelling interest, fetal viability, best interests, predicability of harm 


Caring for a psychotic pregnant woman throughout 
her pregnancy presents special problems in diagnosis 
and treatment. Intrinsic to the treatment are compel- 
ling social, ethical, and legal considerations that center 
on the legal rights of the mother as well as the contin- 
ually evolving definition of fetal rights. A central issue 
in the treatment relationship with a psychotic pregnant 
patient `s whether that treatment relationship specifi- 
cally and contractually includes the unborn fetus. If so, 
the treatment relationship may present areas of conflict 
between the expectations or rights of the woman and 
the potential duties owed to the fetus. Potential conflicts 
become apparent in those situations where the physi- 
cian’s duty to the fetus interferes with the mother’s 
ability to exercise her right to privacy or other rights 
within the health care system and society. 

In recent years the courts have distinguished a line 
of duty that runs directly from the physician to the 
unconceived and unborn child from that duty that runs 
to the mother (Curlender v Bio-Sciences Laboratories 106 
p3d 814 [Cal App 1980]).' The rationale of these de- 
cisions is directly applicable to the relationship between 
the physician and pregnant woman and sets the stage 
for what is ethically and legally required of the physi- 
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cian. The following case report demonstrates the po- 
tential conflicting duties between the physician, the psy- 
chotic pregnant woman, and the fetus. 


Case report 


Ms. A, a 41-year-old single, white woman, was a for- 
mer boarding home resident with a long history of 
recurrent psychiatric hospitalizations due to chronic 
schizophrenia. She was brought to the emergency room 
on a 72-hour mental health hold after she had been 
found huddled in a corner of her apartment with her 
schizophrenic boyfriend. They were surrounded by 
garbage and without food. 
` On physical examination she was found to be ap- 
proximately 27 weeks pregnant. She had received no 
prenatal care. She repeatedly denied her pregnancy. 

On the psychiatric unit she was agitated and un- 
cooperative. She frequently paced the ward wearing a 
heavy coat, mumbling to herself. She complained of 
hearing “demons in the night.” 

The patient had not taken her neuroleptic medica- 
tion for several months. She accepted low-dose neu- 
roleptic medication on the unit and returned to her 
usual level of functioning, that is, calm but psychotic. 
She no longer denied her pregnancy, but she continued 
to experience auditory hallucinations and delusions 
about the role of God in her pregnancy. She specifically 
denied suicidal and homicidal ideation and any 
thoughts of harming her baby. She asked to be dis- 
charged to return to her boyfriend’s apartment. At this 
point in previous hospitalizations, she would have been 
discharged to a boarding home. 

During this hospitalization, a civil commitment was 
requested for 90 days despite the patient’s request to 
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leave the hospital. The commitment was requested in 
order to prevent any possible harm to the fetus that 
might result from recurrence of denial or psychotic 
interpretation of symptoms or through the neglect of 
basic nutritional and medical needs. 

After 11 weeks of itipatient care she was delivered 
of a ndrmal infant without complications. She decided 
to relinquish the infant. She was discharged to a board- 
ing home and the civil commitment was dropped. 


The phySician-fetus relationship 


A critical legal decision related to the definition of 
the’ treatment relationship with the pregnant patient 
and fetus is the 1973 landmark abortion case of Roe v 
Wade (410 US 113 163, US 1973). The Supreme Coiirt 
held that a pregnant woman has a constitutional right 
of privacy that permits her to end her pregnancy 
through abortion. However, the décision to terminate 
a pregnancy is reserved only for the woman and her 
physician “free of any interference by the state” up to 
the point of fetal viability, at which time the state may 
have a “compelling interest” in both the mother’s life 
and that of the unborn fètus. In its deliberations the 
court reached the following conclusion regarding the 
state’s interest: “With respect to the state’s important 
and legitifnate interest in oe life, the ‘compelling’ 
‘interest is at viability . . 

Contributing to the issues siecle fetal viability 
are the immense techiiologic achievements during the 
past few years in fetal medicine that have increased 
survival of premature infants to earlier and earlier- ges- 
tational age.? These developments further complicate 
the determination of a point of fetal viability. Tradi- 
tionally, in medicine the pregnant wortian and fetus 
have been treated as a single unit or patient. In the Roe 
ú Wade decision, a separate and “compelling” interest 
in.the fetus is described by the court. ' 

There is substantial legal precedent in support of a 
preconception atid/or prebirth relationship of duty be- 
tween a physician and a newborn infant or fetus (Park 
v. Chessin; 60 A2d 80 [NY 1977]; Renslow v Mennonite 
Hospital; 367 NE2d 1250 [IL 1977)). The fact that a 
physician’s negligence in failing to act occurred before 
a child’s birth does not prevent recovery for prenatal 
injuries or for wrongful death of a fetus. 

Additional cases address the résponse or intervention 
required of the physician by the state where the life or 
welfare of a viable fetus is at stake. The couirts, as far 
back as 1964, held that harm to unborn children can 
be adjudicated through dependency and neglect pro- 
ceedings. In the New Jersey case of Raleigh Fithin—Paul 
Morgan Memorial Hospital v Anderson (201 A2d 537 [NJ 
1964], cert denied 377 US 985 [1964]), the state inter- 
vened under a court order to require a pregnant 
woman to undergo blood transfusions, to save not only 
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her life but the life of her unborn child as well. In the 
more recent case of Jefferson v Griffin Spalding County 
Hospital Authority, 274 SE2d 457 (GA 1981), a court 
order was obtained by the state to require cesarean 
section over the objections of the mother where the 
unborn child was suffering from fetal distress. From 
these cases, it is fairly clear that a mother unwilling to 
permit lifé-saving medical care for a viable fetus is po- 
tentially subject to state action. The extended impli- 
cations of these holdings, which are critical to the phy- 
sician caring for the psychotic pregnant woman, are 
that intervention may be required of the physician by 
the state after the first trimester and most certainly at 
a reasonable point of viability. 

A physician treating a psychotic pregnant woman has 
a dual line of duty: one to the pregnant patient and 
one to the fetus. Each treatment relationship carries a 
twofold responsibility: (1) to perform: and (2) to do so 
in an acceptable manner. With this dual mother-fetus 
treatment relationship, three moral and legal dictates 
form the core of the physician’s duty to perform: (1) 
He will be competent and will perform in a competent 
manner; (2) this performance will always be within the 
guidelines of “best interests” as expressed through the 
minimization of harm; (3) the patient will not be aban- 
doned. 

While the fitst dictate, hat of professional compe- 
tency, is very important, particularly i in malpractice law, 
it is not directly involved in the present discussion. It 
is the second and third dictates that bear directly on 
the treatment relationship between the physician, the 
psychotic pregnant woman, atid the unborn fetus and 
in the end will require a response from hiim. 

It is the dictate of the “maximization of good” and 
the “minimization of harm” that makes caring for the 
psychotic pregnant womanh so difficult. The physician 
must walk a tightrope between the respective needs and 
“best interests” of the fetus and those of the psychotic 
woman. He is expected, on the one hand, to take those 
steps necessary, including but not limited to invoking 
state action, for the protection of the viable fetus. On 
the other hand, if hë confines or retains in custodial 
care a person not dangerous to herself or another and 
who is capable of living safely in an available community 
alternative, he may be held liable for civil damages." 
This situation is compounded both by the necessity of 
discerriing what is ati unreasonable risk to the fetus and 
by thé seemingly inequitable fact that a nonpsychotic 
pregnant woman who may present a comparable risk 
to her fetus (for instance, use of cigarettes, use of drugs, 
neglect of basic nutritional and medical needs) would 
not be held or committed to any ward or institution 
until she gives birth to her baby. 

The extent of intervention required when a risk to 
the welfare of a fetus has been determined has been 
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interpreted as ranging from civil commitment of the 
pregnant psychotic woman (O’Connor v Donaldson, 422 
US 563 [US 1975]) to reporting the case to state au- 
thorities for dependency and neglect proceedings.’ 
Anything less exposes the physician to possible criminal 
sanctions, not to mention extensive civil liability, for 
failure to act where a neglected or abused unborn child 
is involved. 

There is no easy answer to this dilemma and any 
resolution remains a judgment call by the physician 
related to “maximization of good” and the “predicta- 
bility of harm.” It-is quite possible, because of the in- 
creasing parameters of fetal viability, that a psychotic 
pregnant woman, as indicated in our case report, might 
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be held for an ever-incréasing period until term. Given 
a logical extension of this situation, it is also quite pos- 
sible in the not too distant future that “normal” preg- 
nant mothers will likewise face hospital iricarceration 
in those cases involving nutrition and medical neglect. 
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Clinical Articles 


Characteristics of menopausal women seeking assistance 


Evelyn Anderson, R.N., Ph.D., Sonia Hamburger, B.A., James H. Liu, M.D., and 


Robert W. Rebar, M.D. 
La Jolla, California 


Using a questionnaire approach, we have determined the demographic, social, and clinical characteristics 
of the first 100 participants attending our menopause clinic. Of the respondents, 79% reported onset of 
significant physical symptoms and 63% significant emotional symptoms during the menopause. Among the 
participants, 65% had varying degrees of depression as determined by the Zung self-rating depression 
scale. This seemed to be more prevalent in patients with previous pelvic operations. Only half the women 
were on a regimen of estrogen replacement therapy, and most were receiving estrogen in an unopposed 
fashion. In our menopause clinic, more than half the women were over their ideal body weight, which: is in 
contrast to the popular misconception that only thin women develop menopausal symptoms. Data fram our 
patients suggest the need for multidisciplinary menopause clinics to adequately address the physical and 
emotional problems of menopausal women. (Am J Osstet Gynecot 1987;156:428-33.) 


Key words: Menopause, estrogen replacement, depression 


Menopause is of increasing importance to health 
professionals in terms of both preventive and clinica! 
care of women in their later years. With the increase 
in life expectancy, the average woman now lives ap- 
proximately one third of her life in the postmenopausal 
period. The rapid emergence of large numbers of 
menopausal women during the last several years has 
created the sudden need for information about the 
special medical problems of this group and the most 
appropriate ways to treat problems unique to the 
menopause." ? 

We perceived a need to focus on the menopause as 
an area where sympathetic understanding, dissemina- 
tion of information, and education of patients and 
health professionals would help women make decisions 
about hormonal replacement therapy and the quality 
of life during the transition to a mature life-style. In 
1982, we conducted a l-day symposium for lay indi- 
viduals sponsored by the Department of Reproductive 
Medicine, University of California San Diego, School 
of Medicine, in an effort to determine what kind of 
assistance menopausal women required. Topics cov- 
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ered during the symposium included both physiologic 
and psychological aspects associated with the meno- 
pause. A questionnaire completed by 169 of the more 
than 200 participants strongly supported development 
of a clinic dedicated to the management of the meno- 
pause. Furthermore, responses favored development - 
of a clinic along the lines of the model proposed by 
Utian.' To that end, we started a multidisciplinary out- 
patient service consisting of group discussions with four 
to six women, followed by personal counseling with 
each patient during the 4-hour clinic visit. Our findings 
with the first 100 women to attend this clinic are the 
basis for this report. The Menopause Clinic continues 
today in relatively unchanged form except for the per- 
sonnel. Our data* strongly support our opinions that 
(1) large numbers of menopausal women suffer from 
a variety of physical and emotional problems unique to 
the menopause, (2) menopausal women lack accurate 
information about the menopause, and (3) the estab- 
lishment of multidisciplinary menopausal centers is a 
meaningful and important undertaking. 


Subjects and methods 


Subjects. Since patients are either self-referred or 
referred by a physician, it is clear that the data arising 
from our Menopause Clinic do not necessarily repre- 
sent a cross section of menopausal women but would 
be characteristic of such women who seek assistance. 
We must therefore emphasize that the conclusions we 
have drawn must be considered as representing our 
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AGE 





EMPLOYMENT 






Not Employed = 55 
Employed = 44 


No Response = 1 


MARITAL STATUS 
4) Single = 10 








Married = 70 


1-4 Yrs. Collage = 55 
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NUMBER OF CHILDREN 


One or More = 85 





Divorced =12 


EDUCATION 









9-12 Grade = 25 


Post G rad. = 18 
No Response = 2 


Fig. 1. Demographic distribution of patients seen at the Menopause Clinic from August 1982 to 
March 1983 by age, marital status, number of children, employment, and education (N = 100). 


opinions since no controlled studies were conducted. 
Young oophorectomized women were neither excluded 
nor discouraged from attending. The demographic 
data are summarized in Fig. 1. Most of the first 100 
women attending our Clinic from August 1982 to 
March 1983 were between the ages of 40 and 60 years 
(range 34 to 71), were currently married, had children, 
had some education following high school, and about 
half were employed. 

The clinic setting. Participants interact with the 
health professionals of the clinic in an informal setting 
after completing a set of detailed questionnaires. Pa- 
tients summarize their personal needs and, within a 
permissive and sympathetic atmosphere, are encour- 
aged to share their problems, fears, and frustrations 
and to take increased responsibility for their own health 
care by developing a participatory relationship with 
their physician. Topics explored in depth include symp- 
toms of the menopause, the advantages and disadvan- 
tages of hormone replacement therapy, stressing the 
importance of using progestins concomitantly with es- 
trogens, osteoporosis, surgical menopause, nutrition, 
exercise, breast self-examination, and mammography. 
Each patient is given an annotated bibliography citing 
information about the menopause and related topics, 
a glossary of terms, a diary in which to keep relevant 
information on the menopause, dietary and exercise 
information, and a monthly record sheet on which to 
record symptoms related to the menopause. Patients 
are guided and assisted in the decision-making process, 
that is, whether to discuss hormone replacement ther- 
apy with their physician or to seek additional profes- 
sional consultation from a psychiatrist, career counse- 
lor, or nutritionist as the final aspect of the clinic visit. 


The cinic staff includes a medical anthropologist, a 
nurse, and a physician with special expertise in repro- 
ductive endocrinology for consultation. A telephone 
number (“hot flash line”) is available to patients re- 
quiring additional contact with staff. A listing of ap- 
propriate referral physicians is maintained for those 
individuals seeking another physician, but clinic par- 
ticipants are encouraged to share the information ac- 
quired with their regular physician. Answers to the 
questionnaires are made available to the physicians at 
the patient’s request. Follow-up visits are not scheduled 
routinely but can be arranged on an individual basis if 
desired by the patient. 

Questionnaires. On initial evaluation in the clinic, 
each patient is asked to complete a symptom checklist, 
the Zung self-rating depression scale,* and a question- 
naire that identifies demographic data, family and per- 
sonal history, height and weight, current medications, 
and a medical history with chief complaints. Six months ` 
later, follow-up questionnaires are mailed to both the 
patient and, where applicable, the spouse-partner. This 
survey includes questions about benefits of the meno- 
pause clinic visit, actions taken subsequently, and cur- 
rent adjustments with their pariner. 

Statistics. Data were analyzed with the Statistical 
Package for Social Sciences (McGraw-Hill). Differences 
between groups were evaluated with the use of x’, con- 
tingency coefficient, Kendall’s tau, Student’s ¢ test, or 
Pearson’s R tests; p < 0.05 was considered significant. 


Results 

Symptoms. The principal reason for attending the 
clinic varied among patients. Of the 100 participants 
79% reported physical symptoms and 63% reported 
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Table I. Distribution and frequency of 
physical symptoms 


Symptom % 
Hot flashes 80 
Muscle/joint pain 72 
Headaches 68 
Increased weight 65 
Lightheadedness 58 
Breast sensitivity 56 
Increased appetite 50 
Dizziness 49 
Constipation 45 
Numbness and tingling 45 
Vaginal discharge 40 


Genital pruritus 37 


emotional symptoms as the primary reason for attend- 
ing the menopause clinic. Further information regard- 
ing such complaints was obtained from a symptom 
checklist. Hot flashes, pain in muscles and joints, head- 
ache, and increased weight were the most frequently 
cited physical symptoms, and irritability, fatigue, ten- 
sion, nervousness, and depression were the most com- 
mon emotional-cognitive disturbances (Tables I and II). 

As a measure of psychological well-being, Zung self- 
rating depression scores were obtained for all patients; 
35% of the participants had scores in the normal range 
with the remainder having scores indicative of varying 
degrees of depression (Table III). Of note is the ob- 
servation that the Zung depression score was signifi- 
cantly higher (p < 0.009 by Student’s ¢ test) in those 
patients (44%) who had had prior extirpative pelvic 
operations than in those who had not. Thirty percent 
of all the women had undergone hysterectomy alone 
and an additional 14% had had hysterectomy and bi- 
lateral salpingo-oophorectomy. 

Hormone replacement therapy. With regard to es- 
trogen replacement therapy, 64% of women coming to 
the clinic had received estrogen at some time in the 
past. However, only about half of these, or 33%, were 
receiving any estrogen at the time of their clinic ap- 
pointment. Most of the women using estrogen were 
receiving it in an unopposed manner without added 
progestin. More than half of the women with an intact 
uterus had received estrogen without progestin. 

Exercise, weight, and height. Fifty-three percent of 
the women were obese, as determined from Metro- 
politan Life Insurance Tables.® The majority of women 
reported they did not exercise regularly. In fact, there 
was a statistically significant relationship (p < 0.01, x?) 
between routine exercise and normal weight; of those 
with normal weight, 63% exercised routinely, whereas 
the obese (33%) and grossly obese (28%) reported much 
less routine exercise. More than half the patients re- 
ported no change in height from age of 21; 31% noted 
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Table Il. Distribution and frequency of 
emotional symptoms 


Symptom % 
Irritability 93 
Fatigue 91 
Tension 9] 
Nervousness 88 
Depression 86 
Lack of concentration 82 
Short temper 81 
Lack of motivation 77 
Early awakening 77 
Insomnia 77 
Loss of memory 75 


a loss of 1⁄2 to 1 inch, and 11% reported a loss of 1 to 
2 inches. 

Sexuality. Only 40% of the women attending the 
clinic reported that they were satisfied with their sex 
lives. There was a statistically significant relationship 
between age and the frequency of intercourse (p < 0.01 
by x’). Of women aged 40 to 49 years, 19% reported 
that they never or only infrequently had intercourse; 
this rose to 50% for those aged 50 to 59 years. 

When the patients were questioned by mail 6 months 
later, those who had been satisified with their sex lives 
remained so. In contrast, dissatisfied patients were still 
dissatisfied regardless of whether they reported phys- 
ical improvement with the new use of estrogen replace- 
ment. Male partners questioned by mail had quite dif- 
ferent responses with regard to satisfaction with their 
sex lives; 100% of those men with relationships of <20 
years reported that they were satisfied while only 50% 
of those with relationships of more than 20 years’ du- 
ration reported satisfaction. 

Follow-up assessment. Six months after attending 
the clinic, more than half the women reported that the - 
reason for their appointment was primarily for edu- 
cation and support. Eighty percent of the patients felt 
that their clinic visit had been useful. Of those who had 
reported hot flashes, one third stated that their symp- 
toms had become less frequent and/or less intense in 
the interim, in most cases as a result of the use of es- 
trogen replacement. Almost half of the male partners 
felt that the menopause had had a negative effect on 
their relationships; the women were described as 
“touchy,” with difficult mood swings and decreased sex- 
ual responsiveness. It should be noted that one third 
of the male respondents also stated that they themselves 
were involved in major midlife changes. 


Comment 


Information that we have accumulated at the Meno- 
pause Clinic at the University of California San Diego 
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Table IH. Relationship between Zung self-rating depression score and surgical procedures (N = 95) 


Total Zung score 


(range 30-89) 
Normal (30-49) 28 54.9 
Mild depression (50-59) 15 29.4 
Moderate depression (60-69) 5 
Severe depression (>70) 3 5.9 
Total n= 5l] 


Medical Center has led us to reassess our approach to 
dealing with the problems of menopausal women. 
Many of our misconceptions were corrected by consid- 
ering the data, although most of the findings were nei- 
ther surprising nor unexpected. 

The fact that 79% of those patients presenting with 
requests for assistance reported physical symptoms as- 
sociated with the menopause certainly dispels the myth 
that “it is all in the head.” The numerous objective 
measurements of hot flashes and their associated phys- 
iologic changes confirm the multiple effects of vaso- 
motor instability. The large number of emotional 
symptoms also reported by our patients strongly sug- 
gests the impact of physical complaints on the psyche. 

The observation that 33% of the first 100 women 
presenting to the Menopause Clinic had moderate to 
severe depression on the basis of the Zung self-rating 
depression scale indicates the necessity of screening 
women with menopausal complaints for depression re- 
quiring professional care. The strong statistical rela- 
tionship between depression by this objective scale and 
the patients who had undergone hysterectomy-oo- 
phorectomy suggests that many women undergoing 
pelvic operation either have not been reconciled to its 
necessity or were insufficiently prepared for the con- 
sequences. Clearly, education and support appear to 
be warranted both before and after such operations. 
Despite this observation, however, we would contend 
that the physical and emotional problems related to 
estrogen deficiency should be addressed first. Psychi- 
atric treatment is not the first approach to the emotional 
lability of the menopause. 

Classical endocrine teachings have stressed the as- 
sociation between obesity and the peripheral conver- 
sion of androgens to estrogens in fat.” Such data have 
led to the widespread conclusion that only thin women 
will complain of menopausal symptoms. The fact that 
more than half the women presenting to the clinic were 
overweight and that fully one fourth were at least 20 
pounds overweight surprised us and quickly dispelled 
this misconception. It is clear that any postmenopausal 
woman, regardless of weight, may note symptoms re- 


Uterus and ovaries 
intact H 


'ysterectomy alone 
pos [| * fe | * | » | 


Hysterectomy and 
bilateral oophorectomy 


13 43.3 5 35.7 
7 23.3 6 42.9 
5 16.7 2 14.3 
5 16.7 l 7.1 

n= 30 n= 14 


lated to the menopause. Since so many of our patients 
are overweight, we emphasize the importance of a cal- 
cium-rich, well-balanced diet and a program of regular 
exercise.’ Diets should be scrutinized to ensure inges- 
tion of approximately 1 gm/day of elemental calcium? 
in premenopausal women and in women receiving es- 
trogen. For postmenopausal women not receiving es- 
trogen, calcium intake should be increased to 1.5 gm/ 
day. Exercise programs must be tailored to the indi- 
vidual woman. We also encourage regular activity em- 
phasizing the many benefits relative to weight loss, pre- 
vention of bone loss, cardiovascular fitness, and mood. 

One other common belief has been the notion that 
menopausal complaints tend to be more common in 
women suffering from the so-called “empty nest” syn- 
drome, that is, homemakers depressed by the fact that 
their children have all left home. There was no statis- 
tical relationship between severity of depression and 
the presence or absence of children in the home. There 
were equal numbers of patients employed outside the 
home and homemakers. The majority of those em- 
ployed were professional women who presented be- 
cause their menopausal symptoms were interfering 
with their ability to function both outside and within 
the home. It was the rare patient, employed or un- 
employed, who expressed sadness or regret that her 
children had left home. 

Not surprisingly, one of the major concerns of the 
patients revolved around the risks and side effects 
of hormone replacement therapy: uterine bleeding, 
weight gain, nausea, edema, breast tenderness, and fear 
of cancer.” Although almost two thirds of our patients 
had been prescribed estrogens previously, only half of 
those were still taking estrogen at the time of the clinic 
visit. Even those taking estrogen were sufficiently con- 
cerned about the use of the hormone to attend the 
clinic. Also of note is the observation that more than 
half the women taking estrogen who had intact uteri 
were taking it in an unopposed fashion without added 
progestin. Almost all of the women taking unopposed 
estrogen were prescribed this medication by a primary 
care physician other than a gynecologist. These data 
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are similar to a report from the Food and Drug Ad- 
ministration.'' This last survey indicated that during 
the past 44 years, there appears to have been an in- 
crease in the use of progestins and estrogens together. 
Given the recognized risk of endometrial hyperplasia 
and carcinoma in women taking estrogen alone,’? '* the 
need for gynecologists to disseminate this information 
to other physicians is obvious. We believe that educating 
other physicians as to the benefits and risks of estrogen 
therapy is a responsibility that gynecologists must un- 
dertake and not abdicate. 

Another major concern of our patients was the risk 
of osteoporosis in the postmenopausal years.'* The only 
physical recordings that we take at our clinic are mea- 
surements of height and weight. We have used height 
loss as the basis for a discussion of osteoporosis, pre- 
ventive considerations, and the likelihood of its de- 
velopment in individuals. We have chosen to leave to 
the patients’ individual physicians the decision as to 
whether objective measurement of bone density is in- 
dicated. The risk of osteoporosis has led to intense 
interest in evaluating bone density in menopausal 
women. Several reliable noninvasive methods are avail- 
able for evaluating bone density, and it is generally 
agreed that estimates of spinal bone density are more 
accurate as prognostic indicators than are estimates of 
appendicular (especially radial) bone density. We do not 
believe that bone density’? need be estimated in all 
menopausal women. Rather we encourage measure- 
ment of spinal bone density by dual-photon absorp- 
tiometry in women at high risk for osteoporosis (that 
is, those who are white, slender, or receiving glucocor- 
ticoids, have a family history of osteoporosis, are cig- 
arette smokers, have heavy caffeine and/or alcohol 
ingestion, or had early spontaneous or induced meno- 
pause) and in those who cannot or choose not to take 
estrogens in the postmenopausal years. However, be- 
cause radiation exposure is so low with both dual- and 
single-photon absorptiometry, we do not feel that either 
of these procedures is contraindicated in any individual 
requesting an estimate of bone density. We do not make 
routine use of quantitative computerized tomographic 
scanning because of the radiation exposure (tenfold 
greater than with dual-photon absorptiometry) and the 
cost. There is probably no need for repeating bone 
density measurements more frequently than once a 
year. 

In the follow-up questionnaire, the patients reported 
symptomatic improvement with the use of hormone 
replacement therapy. However, problems with their sex 
lives and with sleep generally persisted. It would seem 
that problems with sexual relationships do not auto- 
matically resolve with improvement in physical symp- 
toms. The facts that the male partners often had dif- 
ferent perceptions of the quality of the sexual relation- 
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ship and that many of the men were themselves 
involved in midlife crises no doubt contribute to this 
observation. We routinely discuss sexuality in the post- 
menopausal years and encourage couples with diffi- 
culties to seek professional assistance. The difficulties 
with sleep also seem to have a multifactorial basis and 
have led us to discuss with cur patients the differences 
between insomnia, early awakening, and intermittent 
sleep. Many of the patients complain of insomnia but 
on questioning merely awaken early after a sound sleep. 

Experience with our Menopause Clinic has indicated 
that most women know very little about the menopause, 
and almost all felt that they had been helped by the 
clinic when questioned 6 months after the visit. Asked 
about the benefits of attending the Menopause Clinic, 
the responses were approximately equally divided 
among three of several choices: Some women were en- 
couraged to seek medical care; others found relief in 
the knowledge that many women suffered from similar 
complaints; still others felt that they had gained helpful 
new information about the menopause. In any case 
these data support our belief that multidisciplinary cen- 
ters for the menopause are needed and are of potential 
benefit. 

Not only have the patients learned from the clinic 
but those of us health professionals involved with its 
operation have benefited as well. We believe that there 
are at least two important implications of our findings 
to the health care of menopausal women. First, each 
patient must be an informed partner in making deci- 
sions regarding therapy. Patients will no longer adhere 
to medical advice that has not been adequately ex- 
plained and with which they therefore do not agree. 
This seems to be especially true with regard to treat- 
ment for the menopause, which is not life-threatening 
and in which the quality of life is involved. Women 
prescribed estrogens but not given sufficient infor- 
mation do not take them long. Second, treatment of 
menopausal problems must be individualized for the 
specific woman. 

The Menopause Clinic described in this paper en- 
ables the gathering of longitudinal epidemiologic data 
at one center. Research on the effects of various treat- 
ments can be planned, developed, and evaluated. 
Screening for osteoporosis can be provided. All in- 
volved specialities (endocrinology, radiology, psycho- 
social, exercise physiology, nutrition, etc.) can be ef- 
fectively coordinated. In the future, we believe, a well- 
woman’s clinic for the climacteric would be the logical 
progression from the family planning clinic. 

Progress is being made in bringing the subject of 
menopause “out of the closet” and disseminating re- 
search findings. However, optimal care of menopausal 
women requires the cooperation of a knowledgeable 
and sensitive physician with an interdisciplinary team 


Volume 155 
Number 2 


of health care professionals dedicated to the treatment 
of mature women. 
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Tocolysis with oral magnesium 
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John A. Lucas, M.D., Winfred L. Wiser, M.D., and Jomas C. Morrison, M.D. 


Jackson, Mississippi 


Seventeen patients in whom uterine activity responded favorably to parenteral magnesium sulfate were 
given oral magnesium gluconate for continued tocolysis. The mean serum magnesium level before therapy 
was 1.44 = 0.22 mg/100 ml, whereas 2 hours after initiation of oral magnesium it was 2.16 + 0.32 mg/ 
100 ml (p < 0.05). One patient had nausea without vomiting or diarrhea. These data suggest that 
magnesium ingested orally can raise the serum magnesium level significantly. (Am J OBSTET GYNECOL 


1987;156:433-4.) 
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After uterine activity is abolished with parenteral 
magnesium sulfate, patients are usually given B-adren- 
ergic receptor agonist drugs orally for continued in- 
hibition of contractions.' Magnesium salts are not ad- 
ministered for tocolysis because of gastrointestinal side 
effects. Because oral therapy with B-sympathomimetics 
is expensive and often complicated by cardiovascular 
problems,? we undertook a study to observe the effect 
of oral magnesium gluconate administered for tocolysis 
in patients with arrested uterine activity. 
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Severiteen patients with documented preterm labor 
were entered in this study from July 1 through Sep- 
tember 30, 1985. On admission, a baseline serum mag- 
nesium level was obtained. Each patient was given a 
bolus and then continual magnesium sulfate intrave- 


nously (2 to 3 gm/hr) until uterine activity ceased. All 


patients in whom effective tocolysis was achieved with 
intravenous magnesium sulfate were eligible for inclu- 
sion in the study. Informed consent was obtained be- 
fore oral magnesiumi therapy. All of those eligible 
agreed to participate. Once tocolysis was effective in 
reducing uterine activity to less than one contraction 
every 15 minttes for a period of 4 to 12 hours, the 
parenteral magnesium: was discontinued. After this, 
1 gm (two 0.5 gm tablets) of magriestum gluconate was 
administered to each patient orally every 4 hours. A 
serum magnesium level was obtdined 2 hours after an 
oral dose of magnesium glucoriate between 12 and 24 
hours aftér discontinuation of parenteral magnesium 
sulfate. Patients were observed for uterine activity and 
for any evidence of gastrointestinal side effects. Statis- 
tical analysis of serum magnesium levels in these pa- 
tients was performed by the Student paired ¢ test with 
p < 0.05 being considered significant. 

The mean serum magnesium level before any ther- 
apy was 1.44 + 0:22 mig/100 ml. Two hours after 1 gm 
of magnesium gluconate was administered orally, the 
mean level was 2.16 + 0.32 mg/100 ml (p < 0.05). No 
patient developed any signs of magnesium toxicity 
whether the agent was administered parenterally or 
orally. There was one patient who had nausea but vom- 
itirig did not develop and no subject had diarrhea at 
this dosage of magnesium gluconate. No repeat epi- 
sodes of preterm labor occurred during this ee 
ization. 

These data reveal that oral magnesium gluconate can 
be administered to patients after tocolysis with paren- 
teral magnesium sulfate and that a statistically sigtiifi- 
cant increase in magnesium levels occurred when com- 
pared with the pretreatment value. It is possible that 
the elevated levels might have been due to the previ- 
ously administered intravenous magnesitim sulfate 
even though 12 to 24 hours had elapsed bétween dis- 
continuance of the parenteral drug and sample collec- 
tion. Therefore, we studied five patients in whom labor 
was arrested with magnesium sulfate as in the above 


February 1987 
Am J Obstet Gynecol 


patients but in whom oral B-sympathomimetic agents 
were given. for continued tacolysis. In these five study 
subjects a level not significantly different from pre- 
treatment values was obtained within 12 to 24 hours 
after the ` magnesium sulfate was discontinued (1.57 + 
0.29 mg/100 ml). Thus it would appear that the ele- 
vation in magnesium levels noted in our patients does 
indeed reflect the’ ingestion of oral magnesium glu- 
conate. i 

Of special note is that only one patierit complained 
of nausea and she did iot have vomiting. In addition, 
there were no cases of diarrhea, which is another com- 
plication that may occur after such therapy. Also at 
these serum levels there were no cases associated with 
symptoms of systemic magnesium toxicity. Therefore 
magnésium gluconate administered in this fashion ap- 
pears to be safe and relatively free of adverse. side 
effects. 

Finally, this drug, while safe, may or may not be an 
effective oral tocolytic. Reports in the European liter- 
ature suggest that other forms of oral magnesium (ox- 
ide and peroxide) are effective.” In our patients, 
none of the 17 developed recurretit uterine activity 
or required further parenteral treatment. Neverthe- 
less, since the level of magriesium after oral therapy 
was much less than the “therapeutic” range (4 to 8 
mg/ 100 mil) found in those treated with parenteral 
magnesium sulfate for preterm labor or pregnancy- 
induced hypertension, it remairis unclear whether oral 
treatment with magnesium gluconate will be a clinically 
effective modality. If it is shown to be an adequate 
tocolytic, then it will certainly be more cost-effective 
than B-adrenergic receptor agonist therapy since the 
cost of ritodrine hydrochloride is approximately $62 
per week as compared with the magnesium gluconate 
expense of $7 for 7 days. 
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Maternal hypothermia; An unusual complication of magnesium 


sulfate therapy 


John F. Rodis, M.D., Anthony M. Vintzileos, M.D., Winston A. Campbell, M.D., 


Jeffrey L. Deaton, M.D., and David J. Nochimson, M.D. 


Farmington, Connecticut 


Reported is a case of maternal hypothermia associated with magnesium sulfate therapy for treatment of 
preterm labor. Hypothermia was accompanied by fetal and maternal bradycardia. After discontinuation of 
magnesium sulfate infusion, maternal temperature, pulse, and fetal heart rate gradually returned to normal. 
No adverse effects were noted on either maternal or fetal outcome. (AM J OBSTET GYNECOL 


1987;156:435-6,)” 
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Magnesium sulfate is commonly used in the treat- 
ment of preeclampsia and preterm labor. Known ma- 
ternal side effects are respiratory depression, electro- 
cardiogram abnormalities (increased P-R interval, pro- 
longed-QRS interval, increased T wave), depression of 
deep tendon reflexes, and cardiac arrest.’ To the best 
of our knowledge this is the first case report of maternal 
hypothermia secondary to magnesu sulfate therapy. 


Case report 

B. H., a 30-year-old woman, gravida 7, para 2-1-3-3, 
was transferred to the University of Connecticut Health 
Center at 30% weeks’ gestation because of preterm la- 
bor. Past obstetric history was significant for a preterm 
vaginal breech delivery; two spontaneous vaginal deliv- 
eries at term, a molar pregnancy, and two elective first- 
trimester abortions. 
‘Physical examination revealed an oral temperature 
of 99.8° F, pulse 80 bpm, respirations 20/min, and 
blood pressure 130/70 mm Hg. Careful speculum ex- 
amination revealed the cervix to be closed and unef- 
faced with no vaginal bleeding noted. Ultrasound re- 
vealed a single yiable fetus in a vertex presentation with 
a complete placenta previa. Amniotic fluid volume ap- 
peared adequate. Estimated fetal weight was 1825 gm. 
Fetal biophysical profile was reassuring. An external 
fetal monitor revealed uterine contractions every 8 to 
10 minutes and a baseline fetal heart rate of 140 to 
150 bpm. 7 

The patient received Gelestone, 12 mg intramuscu- 
larly, to ) promote fetal pulmonary maturity and a 4 gm 
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intravenous loading dose of magnesium sulfate. A 
maintenance infusion of magnesium sulfate was initi- 
ated at a rate of 2 gm/hr. Persistent contractions ne- 
cessitated an increase in the infusion to 3 gm/hr, which 
eliminated all uterine activity. After 2 hours at the 
new infusion rate the serum magnesium level was 
5.2 mg/dl. Maternal vital signs were oral tempera- 
ture of 97° F, pulse 94 bpm, and blood pressure 
120/80 mm Hg. 

Twelve hours after admission the fetal heart rate was 
noted to be 110 bpm. The maternal vital signs were 
rectal temperature 95.8° F, pulse 64 bpm, blood pres- 
sure 90/50 mm Hg, and respirations 18/min. The pa- 
tient complained of lethargy and diplopia. In spite of 
a serum magnesium level of only 6.6 mg/dl, the mag- 
nesium sulfate infusion was discontinued. 

During the next 6 hours the patient’s visual and ce- 
rebral abnormalities cleared. Maternal temperature 
slowly increased, and 6 hours after cessation of mag- 
nesium sulfate therapy vital signs were temperature 
98° F, pulse 80 bpm, and blood pressure 120/60 mm 
Hg. No uterine contractions or bleeding was noted and 
baseline fetal heart rate returned to 130 to 140 bpm 
with normal variability. 

Forty-eight hours after admission the patient had an 
episode of heavy yaginal bleeding, uterine contractions, 
arid fetal tachycardia. A primary cesarean section was 
performed. A 1790 gm female infant was delivered 
with Apgar scores of 3 and 8 at 1 and 5 minutes, re- 
spectively. Arterial and venous cord pH values were 
7.28 and 7.35, respectively. Placental culturés taken 
were later reported positive for Listeria monocytogenes. 


| Comment 


In humans, body temperature is maintained within 
a narrow range despite extremes in environmental con- 
ditions and physical activity. The control of body tem- 
perature is a function of cerebral centers located in the 
hypothalamus. Oral temperatures <96° F are rarely 
encountered.” Rectal temperatures are usually 0.5° to 
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1.0° F higher than oral values. When there is a strong 
stimulus for heat production, muscle activity may in- 
crease to the point of shivering or evén to a generalized 
rigor. 

Instillation of cool intravenous fluids could have 
caused the observed hypothermia, but this is an unlikely 
cause in this patient. The fact that the temperature 
gradually returned to normal after discontinuation of 
magnesium sulfate, even though the total infusion rate 
remained constant, implicated the drug rather than the 
fluids as the source of hypothermia. 

Hypothermia may also occur in patients with myx- 
edema or infection. Since the patient was clinically eu- 
thyroid before and after the episode of hypothermia 
and had no history of thyroid disease, these are unlikely 
causes. Despite the recovery of Listeria mionocytogenes 
from the placenta, the prompt resolution of hypother- 
mia after cessation of magnesium sulfaté therapy would 
support that magnesium sulfate rather than infection 
was the cause of the significant decrease in body tem- 
perature in this patient. 

In conclusion, it appears that maternal hypothermia 
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may be a complication of intravenous magnesium sul- 
fate administration. One could hypothesize that mag- 
nesium sulfate might act centrally at the hypothalamic 
level or peripherally at the motor end plate to suppress 
muscle activity, hence causing decreased heat produc- 
tion that results in hypothermia. It is possible that 
milder degrees of hypothemia occur more commonly 
in patients receiving magnesium sulfate. However, this 
may not be brought to the attention of the physician, 
especially in the setting of severe preeclampsia or pre- 
mature labor, when the attendant would be most con- 
cerned with other vital signs. The effect of magnesium 
sulfate on maternal temperature regulation appears to 
be reversible and does not seem to be associated with 
significant maternal or neonatal morbidity. 
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Plasma progesterone concentration in women with and without 
adenocarcinoma of the endometrium 


Andrew P. Bond, M.D., Michael J. Diver, M.Sc., and J. Collinson Davis, M.D. 
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In the search for the postulated but elusive “estrogenic bias” in patients developing endometrial cancer, 
several authors have suggested lack of progesterone as the common denominator. In this study 21 
patients at the time of diagnosis of Stage | disease are compared to stringently matched healthy control 
subjects. No significant difference was found in plasma progesterone concentrations between the two 
groups. These results, in conjunction with other calculated estrogenic indices based on these patients, 
provide no evidence of lack of progesterone at the onset of clinical disease. However, the effects of 
long-term progesterone lack related to chronic anovulation are not excluded by these findings. (Am J 
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Indices of estrogenicity in patients with endometrial 
cancer have been measured with use of a variety of 
endocrine parameters. Based on estrogen or androgen 
production'* and transport,” ê these measurements, 
when adequately controlled for body mass, tend to re- 
veal little or no “estrogenic bias” in patients developing 
the disease. Gambrell,’ along with other authors,** has 
presented the case for progesterone lack rather than 
estrogen overproduction as being the key to this elusive 
estrogenicity. It was therefore decided to assess the pro- 
gesterone status of women at the diagnostic phase of 
Stage I disease and compare it with that of stringently 
matched control subjects. 


Material and methods 


Patient sample. Twenty-one patients presenting with 
FIGO Stage I cancers were matched with controls with- 
out endometrial-cancer for the principal epidemiologic 
parameters associated with the disease (Table I). Ad- 
equacy of matching was demonstrated by the detection 
of no significant difference between the groups for the 
parameters of age (t, paired = 0.256, p > 0.5), years 
since menopause (t, paired = 0.724, 0.5 > p> 0.1), 
bulk index (weight/height’)" (t, paired = 0.622, p > 
0.5), and parity (x? = 4.48, p > 0.5). 

Venipuncture was performed before noon and be- 
fore any diagnostic or therapeutic procedure. 

Progesterone assay. A danazol displacement assay 
was modified to embrace the range 0.080 to 4.90 ng/ 
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ml.'? The following reagents were used: rabbit anti- 
progesterone a-hemisuccinyl conjugate (a gift from Dr. 
J. Corrie); danazol in crystalline form (Sterling-Win- 
throp); iodine 125—progesterone a-glucuronyl-tyra- 
mine (Amersham International); sheep antirabbit se- 
rum in cellulose matrix (Sac-cel, Wellcome Reagents 
Ltd.). Assay details are available from us. Definitive 
quality control experiments produced an intra-assay 
coefficient of variation of 4.2%. All samples in the study 
were assayed as a single batch with reference high and 
low controls. 

Statistical analysis. Results were compared with use 
of Student’s one-tailed ¢ test on log values of plasma 
concentration. As a nonparametric check, the Wilcoxon 
rank sum test was also employed. 


Results 


The results are summarized in Table II. They indi- 
cate no significant difference in plasma progesterone 
concentration between the two groups. Plainly, patients 
F3 and C7 were mistaken concerning their menopausal 
status. However, even if these suboptimally matched 
pairs are excluded from the comparison, the difference 
remains nonsignificant. 


Comment 


The theory of progesterone lack is based on the cu- 
mulative effects of chronic anovulation. To measure 
progesterone levels at a single point in time, as in this 
study, is therefore not an appropriate test of the theory, 
which remains unchallenged by the findings. However, 
since estrogenic stimulation is more likely to promote 
than actually initiate mutation of an endometrial cell,” 
it is reasonable to suppose that such an influence would 
still be present, albeit attenuated, at the time of diag- 
nosis. 
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Table I. Details of patients and control subjects in plasma studies 


Patients with endometrial adenocarcinoma 


Patient Years stnce Bulk 
No. Age Parity menopause index Presencelabsence of significant disease 
42 SM 


Al 0+ 0 22.06 Carcinoma of the colon 
A2 52 7+0 2 25.98 Hypertension, Graves 
A3 58 2+0 7 21.23 

A4 64 3 + 0 8 30.29 

A5 55 1+ 0 3 26.31 

A6 53 3+0. 2 26.17 

D5 64 0+0 14 25.76 Hypertension, carcinoma of the breast 
D6 68 1+ 0 14 24.14 Autoimmune thyroiditis 
D8 50 2+ 0 6 23.63 

Dil . 5] 2+ 0 l 34.10 

D16 51 4+0 10 20.29 Hypertension 

D17 61 Pad 6 26.64 

D18 58 3+0 8 21.56 

D21 8] 4+ 0 31 22.64 Maturity-onset diabetes 
D22 52 0+0 2 23.18 

D25 62 0+0 8 24.11 Hypertension 

D31 68 0+ 0 21 l 21.13 

F2 63 2+0 7 32.91 

F3 52 0+ 1 l 33.69 Hypertension 

Gl 67 3+ 3 27 23.94 

G2 76 2+0 23 24.84 


SM = Still menstruating. 


Table II. Comparison of plasma progesterone concentration in patients and control subjects 




























Plasma Log Log 
Patient progesterone progesterone Control progesterone 

(ng/ml) concentration No. concentration 
Al 0.178 -0.751 Cl 0.271 ~ 0.567 
A2 0.284 — 0.547 C2 l 0.206 — 0.685 
A3 0.523 — 0.282 C3 0.310 — 0.510 
A4 0.190 — 0.721 C4 0.245 — 0.661 
A5 0.271 — 0.567 Ul 0.339 — 9.470 
A6 0.371 —0.431 C5 0.416 — 0.38] 
D5 0.294 — 0.532 H1 0.406 — 0.391 
D6 0.245 — 0.611 U2 0.161 — 0.792 
D8 0.348 — 0.458 C6 0.258 — 0.588 
Dil 0.377 — 0.423 C7 7.774" 0.891 
D16 0.316 — 0.500 H2 0.416 — 0.381 
D17 0.197 — 0.706 C8 0.587 —0.231 
D18 0.223 — 0.653 U3 0.142 — 0.848 
D21 0.926 — 0.033 U4 0.310 — 0.510 
D22 0.265 ~ 0.578 cg 0.319 — 0.496 
D25 0.339 — 0.470 H3 0.248 — 0.605 
D31 0.374 — 0.427 C10 0.303 —0.518 
F2 0.258 — 0.588 C11 0.139 — 0.858 
F3 8.548* 0.932 H4 0.277 — 0.557 
Gi 1.177 0.071 C12 0.219 — 0.659 
G2 0.394 ~ 0.409 C13 0.232 — 0.634 
Mean 0.767 — 0.413 0.647 — 0.495 
+SD 1.80 0.37 1.65 0.35 
(n — 1) 





Significance: t = 0.74, 0.25 > p > 0.2—NS (Student’s one-tailed ¢ test). z = 0.969, 0.5 > p > 0.1—NS (Wilcoxon rank sum test). 
If pairs D11/C7 and F3/H4 are excluded, ¢ = 1.0069, 0.15 > p > 0.1—NS. 


* Verified on routine laboratory assay. 


In the postmenopausal woman the adrenal gland is therefore questionable. However, considering the ap- 
the sole significant source of production of progester- parent changes in molecular structure of the estrogen 
one, and this serves as a precursor of the adrenocortical receptor in the aging rat endometrium” in the presence 


steroids. Its relevance to the senescent endometrium is of retained binding capacity of progesterone recep- 
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Matched control subjects 


Subject 

Cl 0+ 1 

C2 33 5 +0 ns 
C3 55 3+ 0 7 
C4 61 2+ 0 7 
Ul 55 2+ 0 4 
C5 52 4+0 2 
H1 60 0+0 25 
U2 68 2+ 3 29 
C6 5] 3+ 1 4 
C7 54 2+1 l 
H2 53 5+0 12 
C8 62 1+0 8 
U3 62 4+0 12 
U4 78 5+0 25 
cg 55 9+0 l 
H3 65 0+ 0 10 
C106 73 1+ 1 25 
Cll 61 4+0 8 
H4 55 0+ 0 3 
ClzZ 67 9+ 0 15 
C13 73 5 +0 23 


Table IJI. Comparison of further indices of 
estrogenicity in patients and controls 


Patients Controls 
Parameter (mean + SD) | (mean + SD) | Significance 


% of free 410+105 287+1.59 p>0.1* 
progesterone 

% of free 2.27 + 0.65 212+056 p> 0.5* 
estradiol 

Plasma estra- 31.47 + 28 31.80 + 23 p > 0.5* 
diol (pmol/l) 


*Not significant. 


tors,” it may be that a baseline production of proges- 
terone is still necessary to maintain endometrial qui- 
escence. 

This is the first comparative study of plasma pro- 
gesterone concentration in women with and without 
endometrial cancer to be reported in the literature. OF 
course, to measure progesterone in plasma is to gain 
only a rough guide as to the total endocrine “signal” 
being delivered to the endometrium. In the same group 
of patients and controls, we have assessed several other 
parameters”? (Table III). Measurement of percent of 
free progesterone, percent of free estradiol, and total 
plasma estradiol level revealed no significant difference 
between the groups. When estradiol/progesterone ra- 
tios were calculated, the former having been corrected 
for measured sex hormone—binding globulin capacity 
and relative metabolic clearance, there were again no 
significant differences. It would therefore seem that in 
common with other indices of estrogenicity in endo- 


Years since Bulk 
No. Parity menopause index Presencelabsence of significant disease 


19.38 Carcinoma of the breast 
25.99 

24.84 

25.44 

25.04 

27.99 

23.63 Hypertension 
31.80 

20.65 

36.67 

25.73 

26.01 

22.40 

23.25 Maturity-onset diabetes 
21.49 

22.23 Hypertension 
21.08 

32.58 

21.56 Hypertension 
25.44 

22.42 


metrial cancer, the theory of progesterone lack does 
not translate well into hard endocrinologic data. 
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Predictive value of CA-125 levels in advanced ovarian cancer 


Bruce Patsner, M.D., and Thomas G. Day, Jr., M.D. 
Louisville, Kentucky 


Thirty-eight patients with advanced ovarian cancer were monitored with serial serum CA-125 levels until 
second-look laparotomy or disease progression. Eleven of 15 patients had normal GA-125 levels but 


_ positive findings at second-look operation; two had normal levels despite progression of disease. Normal 


levels do not reliably predict absence of disease. (Am J OpsTeT GYNECOL 1987;156:440-1.) 


Key words: Ovarian adenocarcinoma, serum CA-125, second-look laparotomy 


Recent efforts in tumor immunobiology have re- 
sulted in the development of monoclonal antibodies, 
one of which, OC-125, has been raised against an an- 
tigen (CA-125) that. is present on the surface of most 


_~>~~but not all invasive ovarian epithelial cancers and can 


be measured in the serum of the patient. This study 
reports the experience of the Division of Gynecologic 
Oncology of the University of Louisville School of Med- 
icine with this assay. 


Methods and material 

Thirty-eight patients with histologically verified in- 
vasive ovarian adenocarcinoma (34 serous or anaplastic, 
one mucinous, one borderline) underwent cytoreduc- 
tive operation by the Gynecologic Oncology service at 
the University of Louisville School of Medicine. PAC 
chemotherapy (cisplatin, Adriamycin, Cytoxan) was ad- 
ministered monthly for a total of 12 courses or until 
disease progression was documented. Serum CA-125 
levels were determined at each visit and measured in 
the same laboratory according to previously described 
standard immunoradiometric techniques.’ A CA-125 
level >35 U/ml measured against a known reference 
standard defined an elevated value: No knowledge of 
patient disease status was known by the technicians per- 
forming the assay, and results of each test were not 
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known to the authors at the time of examination of the 
patients. . | 

Second-look laparotomy was defined as a full surgical 
evaluation in a patient who had completed all twelve 
courses of chemotherapy and had no evidence of dis- 
ease on complete physical examination and radiologic 
evaluation. Only positive washings or biopsy specimens 


-were considered evidence of disease. 


Results 


Twenty-six patients completed 12 courses of PAC 
chemotherapy and were eligible for second-look lapa- 
rotomy. Five patients refused operation and all re- 
main without clinical evidence of disease, with nor- 
mal CA-125 levels and mean length of follow-up of 
12 months. Of the remaining 21 patients, six had neg- 
ative second-look laparotomy and all six had normal 
preoperative CA-125 levels. One of these patients de- 
veloped an elevated CA-125 level 1 month before re- 
current disease was detected clinically. Fifteen patients 
had biopsy-verified disease at second-look laparotomy. 
Eleven (73%) of these patients had normal CA-125 
levels at the time of operation although one had a 
borderline serous tumor. Eight patients had disease 


= <2 cm, one had microscopic disease, and two had 


5 cm abdominopelvic tumors. Of the four patients with 
elevated CA-125 levels at the time of second-look op- 
eration, all had levels in the 40 to 75 U/ml range, and 
none had tumor larger than 2 cm although several had 
diffuse intra-abdominal carcinomatosis. 

Seven patients had failure of first-line chemotherapy. 
CA-125 levels in five of these patients never fell to nor- 
mal ranges after operation despite absence of clinical 
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disease. Two patients never had elevated CA-125 levels 
despite massive progression of disease with bone and 
liver metastases and intra-abdominal carcinomatosis. 
Five patients are receiving first-line chemotherapy and 
remain without evidence of disease. CA-125 levels fell 
to normal in this group of patients within three courses 
of chemotherapy. 


Comment 


On the basis of the current literature? it appears that 
an elevated serum GA-125 level is more predictive of 
disease status than a normal level. The results of this 
study are in agreement with this: No patient with 
a negative second-look laparotomy had an elevated 
CA-125 level, and all patients with an elevated level had 
disease discovered at operation. Unfortunately, 73% of 
patients with no clinical evidence of disease and normal 
CA-125 levels had biopsy-verified persistent disease at 
second look, and two patients who developed extensive 
disease while receivirig first-line therapy never had an 


CA-125 levels in ovarian cancer 


elevated CA-125 level. Thus second-look operation 
cannot be obviated in patients with negative examina- 
tions and normal CA-125 levels if such are to be used 
in deciding whether chemotherapy is to be discontin- 
ued. A rising level may, however, be an indication for 
surgical intervention to document and debulk tumor 
even in the presence of a normal clinical examination, 
in order to maximize the efficacy of second-line 
therapy. 

The presence of normal CA-125 levels in patients 
with extensive occult disease (5 cm) is disturbing and 
suggests a possible limitation of use of laparoscopy 
alone as a second-look procedure. 
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Sonographic determination of fetal weights in 


diabetic pregnancies 


Carol B. Benson, M.D., Peter M. Doubilet, M.D., Ph.D., and Daniel H. Saltzman, M.D. 


Boston, Massachusetts 


Accurate antenatal diagnosis of the macrosomic infant of a diabetic mother should lead to a decrease in 
perinatal morbidity. Several formulas for weight estimation based on sonographic measurements are in 
common use, but none of them has been devised specifically for the infant of a diabetic mother. We 
assessed the accuracy of conventional formulas at estimating fetal weight in 160 of these infants and 
found -heir relative errors (error as a percentage of birth weight) had standard deviations of 12.2% to 


13.1% (greater than has been reported in the general population) with no statistically significant difference 
among formulas. We also devised customized formulas generated from a “training set” of 80 patients and 
tested on a second set of 80 patients. The best formula yielded a standard deviation of 11.0%. The 
difference between customized and conventional formulas was not statistically significant. With use of one 
conventional formula, the likelihood of macrosomia was found to be 77% when the estimated weight was 
>4000 gm and 86% when the estimated weight was >4500 gm. We conclude that fetal weight prediction 


is even less accurate in the infant of a diabetic mother than in the general population and that 
“customized” formulas fare no better than conventional formulas in diabetics. Despite this, estimated 
weights can offer guidance in predicting fetal macrosomia and therefore aid in obstetric management. (AM 


J OssteT GYNECOL 1987;156:441-4.) 


Key words: Diabetes, pregnancy, ultrasound 
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Accurate antenatal diagnosis of the macrosomic 
(birth weight >4000 gm) infant of a diabetic mother 
should lead to a decrease in perinatal morbidity. The 
identification of these fetuses at high risk for traumatic 
birth injuries would allow for an elective cesarean sec- 
tion as the most appropriate and prudent route of de- 
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livery.’ While several formulas for weight estimation 
based on sonographic measurements have been pro- 
posed,?* none of those in common use have been de- 
vised specifically for fetuses of diabetic mothers. Since 
the body habitus of the infant of a diabetic mother is 
known to differ from the nondiabetic population, we 
undertook a study to assess the accuracy of conven- 
tional weight formulas in fetuses of diabetic mothers 
and to determine whether formulas specifically de- 
signed for diabetic mothers outperform conventional 
formulas in such fetuses. In addition to examination of 
the accuracy in prediction of actual] fetal weight, a fur- 
ther goal was to determine the ability of current for- 
mulas to diagnosé or exclude macrosomia. 


Material and methods 


Case material. We evaluated the sonographic ex- 
aminations and obtained birth weights of 160 fetuses 
of diabetic mothers scanned within 1 week of delivery 
at our institution between January 1983 and February 
1985. Specifically excluded from the study were twins 
and fetuses with congenital anomalies at birth. 

All patients studied were insulin-dependent diabetic 
women before pregnancy or were gestational diabetic 
women diagnosed by abnormal glucose tolerance test- 
ing during pregnancy.° 

Data collected. The sonographic examinations were 
performed with use of real-time sector scanners. Mea- 
surements collected on all fetuses included biparietal 
diameter (BPD), femur length (FL), and transverse and 
anteroposterior abdominal diameters (AD, and AD»). 
Occipitofrontal diameter (OFD) was obtained when- 
ever possible. The abdominal circumference on was 
calculated g the formula 


= (AD, + AD.) x 1.57 


When the OFD was available, the corrected BPD’ was 
calculated and used in place of the BPD in all formulas. 
Review of all ultrasound studies was performed without 
knowledge. of neonatal birth weight. 

` All fetyses were weighed at birth. To account for fetal 
weight § gain between the time of sonographic measure- 
ments and the date of birth, the actual fetal weight at 
the time of the examination was assumed to be'the birth 
weight minus 30 gm for each elapsed day. (Thirty 
grams is the approximate daily weight gain in the third 
trimester.*) 

Evaluation of current formulas. We evaluated for- 
mulas of Warsof et al.,’ Shepard et al.? and Hadlock 
et al.‘ (We refer to the formula labeled E2 in Shepard 
et al.’ as the “Shepard formula.” The “Hadlock for- 
mula” used contains the variables AC X FL, BPD?, AC, 
and FL:) We determined the error made by each for- 
mula on each of our 160 cases by taking the difference 
between the weight predicted by the formula and the 
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actual weight. The relative error, the error expressed 
as a percent of the actual weight, was also calculated. 
The mean and standard deviation of the errors and 
relative errors were computed for each formula. The 
F test was used to compare formulas. We evaluated 
these current formulas:* 


Warsof et al.*: 
-logu (FW) = — 1.599 + 0.144(BPD) + 0.032(AC) 
—O.111(BPD? x AC)/1000 
Shepard et al.’: 

logio( FW) = — 1.7492 + 0.166(BPD) + 0.046(AC) 
. — 93.646(AC x BPD)/1000 
Hadlock et al.**: 

log, (FW) = —1.5213 — 0.003343(AC x FL) 

+ (0. 001837(BPD)? + 0. 0458(AC) + 


0.158 FL) 


where FW = Birth weight (kg), BPD = biparietal di- 
ameter (cm), AC = abdominal circumference (cm), and 
FL = femur length (cm). 

Generation and assessment of new formulas. We 
divided our diabetic population into two equal groups 
of 80 patients each. The first group (“training set”) was 
used to generate new weight-prediction formulas and 
the second group (“test set”) to evaluate these formulas. 

Formulas were generated from the training set of 80 
cases by means of computer-assisted multiple regres- 
sion analysis. For each formula, the dependent variable 
was logy, (FW) or FW, and a combination of fetal mea- 
surements was used as the independent variables. In 
particular, we developed a “Warsof-variant” formula by 
using the terms BPD, AC, and BPD? x AC—the same 
terms used in the Warsof formula—as the independent 
variables. “Shepard-” and “Hadlock- variant” formulas 
were generated in a similar fashion. Four other for- 
mulas, with use of different combinations of measure- 
ments and independent variables, were also generated. 

These formulas were then assessed on the test set by 
use of the same methods as were described in the pre- 
vious section for evaluating current formulas. | 


Results 


The performance characteristics of current formulas 
in our set of 160 diabetic mothers are presented in 
Table I. The Shepard and Hadlock formulas had very 
low systematic errors, in that their mean errors and 
mean relative errors were small. The standard devia- 
tion of the relative error, a measure of a formula's 
precision at predicting weight, was slightly lower with 
use of Hadlock et al.’s formula (+ 12.2%) than that of 
Warsof et al. (+12.6%) or Shepard et al. (+ 13.1%). 
The difference, however, was nat statistically significant 
(p > 0.05). | 


*The constant term (— 1.5213) differs from that used in 
Hadlock et al.* (1.4787) because we are expressing weeny in 
kilograms instead of grams. 
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Table I. Performance characteristics of current 
formulas (mean + SD) 


Formulas Error (%) Error (gm) 
Warsof et al. 5.9 + 12.6 242 + 44] 
Shepard et al. 1.6 + 13.1 $x 102 + 44] 
Hadlock et al. 2.6 + 12.2 124 + 427 


*No difference between formulas (F test, p > 0.05). 


Table II. Performance characteristics of 
“customized formulas” (mean + SD) 


Formula 
No. Error (%) 


Error (gm) 
I —1.]1 + 12.2% 15 + 409* 
H —0.9 + 12.1 19 + 409 
Ill -0.9 + 11.0 16 + 394 
IV —1.8+ 11.5 $ — 17 + 396 : 
V —0.9 + 12.0 27 + 406 
VI —5.2 + 12.6 — 128 + 432 
VII -24 + 13 ee eae 3S 


*No difference between formulas (F test, p > 0.05). 


The formulas generated from the first 80 patients 
(the “training set”) are as follows (their performance 
characteristics, when applied to the “test sei,” are pre- 


sented in Table II): 


I. (Warsof et al.’s variant) 
logio( FW) = —2.579 + 0.267(BPD) + 
0.048(AC) — 0.000340(BPD)*(AC) 
Ij. (Shepard et al’s variant) 
logio( FW) = ~ 2.9944 + 0.313(BPD) + 
0.0865(AC) — 0.00734(AC)(BPD) 
IHI. (Hadlock et als variant) 
login FW) = —2.080 — 0.00638(AC)(FL) + 
0.00265(BPD)? + 0.0623(AC) + 
0.255(FL) 
IV. FW = —3.457 + 0.0725(FL) + 0.122(AC) + 
0.00333( FL)(AC) + 0.0168(BPD)? 
V. logio( FW) = -3.509 + 0.618(BPD) + 
o. + 0.0645(FL) — 
0.0323(BPD)? — 0.00109( FL)(AC) 
— 3.383 + 1.24 log,(BPD) + 
1.45 log,o(AC) + 0.607 logio( FL) 
VII. FW = 0.0544 + 0.00141(BPD)® + 
0.0027 1( FL)(AD)? 


VI. logiof FW) = 


The variant formulas of Warsof et al., Shepard et al., 
and Hadlock et al. had smaller systematic errors and 
greater precision than their parent formulas, but the 
differences were minor and not statistically significant. 
As with current formulas, the variant formula of Had- 
lock et al. had the greatest precision (that is, the lowest 
standard deviation of 11.0%), besting the variants 
of Warsof et al. and Shepard et al. as well as all 
other formulas generated. None-of the differences 


Fetal weight in diabetic pregnancy 443 


Table III. Fetal weight estimate versus 
birth weight 







Actual weight 


Estimated fetal 


weight (gm)* 
<4000 112 84 22 16 
>4000 6 23 20 a2 


*By the Hadlock formula. 


Table IV. Actual weight as a function of 
prenatal weight estimate in infants of 
diabetic mothers 











"Estimated fetal % 






weight (gm)* Macrosomue 
<3500 96 E 

3500-3999 39 39 

4000-4499 19 74 
>4500 7 86 


*By the Hadlock formula. 


among formulas, however, was statistically significant 
(p > 0.05). 

We grouped cases according to fetal weight estimate 
by the Hadlock formula in order to determine the abil- 
ity to diagnose or rule out macrosomia in the infant of 
a diabetic mother. The results are listed in Table III. 
A fetus with a weight estimate <4000 gm has a 16% 
chance of being macrosomic, whereas a fetus with an 
estimated weight >4000 gm is likely (77%) to be mac- 
rosomic. A further breakdown of our groups for nar- 
rower weight ranges is presented in Table IV. 


Comment 


The macrosomic infant of a diabetic mother is at 
increased risk for birth trauma secondary to shoulder 
dystocia or failed forceps delivery, among other prob- 
lems. The incidence of shoulder dystocia in the general 
population is 0.5%. This increases to 31% in the mac- 
rosomic infant of a diabetic mother.” Accurate ante- 
natal fetal weight prediction could therefore lead to a 
considerable reduction in perinatal morbidity in this 
group. | l 

Weight prediction has been shown to be of limited 
accuracy in the general population, and our study has 
demonstrated even less accuracy in the diabetic pop- 
ulation, Specifically, in the general population, conven- 
tional formulas have been shown to have broad 95% 


~ confidence ranges of 15% to 22%.‘ That is, in 5% of 


cases the estimated weight will be in error by approx- 
imately 20% or more. Our results demonstrate that the 
conventional formulas have even n wider 95% confidence 
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ranges.of 24% to 26% in infants of diabetic mothers 
(2 SD, based on Table J). Although differences among — 


formulas were slight (and not statistically significant), 
the Hadlock formula involving BPD, AC, and FL 
showed a tendency to predict weight more accirately 
than the Warsof and Shepard formulas. “Customized” 
formulas, generated with use of a group of diabetic 
fetuses and evaluated on a second “test set,” performed 
no better than the conventional formulas. 
Previous studies have addressed the accuracy of 
sonographic prediction of fetal macrosomia in diabetic 
pregnancies.'*"* The definition of macrosomia has not 
been standardized, with some authors using a relative 
weight criterion (=90th percentile} >>" and others an 
absolute weight criterion (24000 gm).'® ' Elliott et al.” 
reported a sensitivity of 877% but a predictive value of 
only 61% in identifying fetuses with birth weights 
>4000 grams. Bracero et al." showed a 79% sensitivity 
and 80% specificity i in using abdominal diameter/femur 
length ratios to identify the large for gestational age 
(=90th percentile) infants of diabetic mothers. When 
we examined the use of a similar ratio, the FL/AC ratio, 
we found a positive predictive value of only 36% to 
43%, suggesting that it has limited clinical. utility.’ 

Clinical management decisions regarding route of 
delivery should be based on many factors. One of these 
is the risk of birth trauma. The incidence of shoulder 
dystocia in macrosomic (#4000 gm) infants of diabetic 
mothers has previously been shown to be significantly 
increased.” Our results demonstrate a high likelihood 
(77%) of macrosomia when the estimated weight 1 is at 
least 4000.gm. These findings taken together; while not 
conclusive, suggest that cesarean section is the most 
prudent route of delivery when the estimated fetal 
weight is #4000 gm. 7 

We conclude that: (1) current formitlas are even less 
accurate at predicting actual fetal weight in the diabetic 
mother than in the geheral population; (2) they do, 
however, provide considerable guidance at diagnosing 
and excluding macrosomia and therefore aid in se- 
lecting the most appropriate modé of delivery; (3) there 
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is no evidence to support the use of “customized” 
weight formulas over conventional formulas in diabetic 
women; (4) pending further study, the Hadlock for- 
mula tested here appears to be the method of choice 
for weight prediction in diabetic women. 
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Ureteral obstruction as a complication of the Burch 
colposuspension procedure: Case report 


Gerald B. Applegate, M.D., Katherine M. Bass, M.D., and Carolyn J. Kubik, M.D. 


Pittsburgh, Pennsylvania 


Major complications of the Burch procedure for stress urinary incontinence are rare. Inadvertent kinking of 
the ureter during this procedure has been described only once previously in the literature. We present a 
second such case, hoping to draw attention to this rare but significant complication. (AM J OBSTET GYNECOL 


1987;156:445.) 


Key words: Stress incontinence, Burch procedure, ureteral obstruction 


Suspension of the lateral portion of the upper vagina 
to Cooper’s ligament has become an established tech- 
nique to correct urinary stress incontinence. First de- 
scribed and performed by Burch’ in 1961, the proce- 
dure has few major complications. Intraoperative dam- 
age to the ureter with subsequent obstruction has been 
described only once previously in the literature but can 
have serious consequences for the patient, and care 
must be taken to avoid such an occurrence. 


Case report 


A 46-year-old, gravida 9, para 8, abortions 1, black 
woman presented to the outpatient clinic at Magee- 
Womens Hospital because of involuntary loss of urine 
for the previous 5 years. She had had total abdominal 
hysterectomy and right salpingo-oophorectomy for be- 
nign disease 10 years before presentation. Pelvic ex- 
amination revealed no cystocele or urethrocele and pre- 
operative cystometric parameters were within normal 
limits. The patient was admitted and underwent a 
Burch colposuspension procedure. Three ligatures of 
No. 0 Vicryl suture were used bilaterally to suspend 
the vagina to Cooper’s ligament under moderate ten- 
sion, with approximately 1 cm of free space allowed 
between the ligament and the vagina. The space of 
Retzius was drained through a separate stab wound. 
Blood loss at the time of operation was minimal. 

On the third postoperative day, the patient devel- 
oped a fever to 38.4° C and left flank pain and main- 
tained a low-grade fever during the next several days. 
Full workup including blood and urine cultures re- 
vealed no source of infection. An intravenous pyelo- 
gram showed left ureteral obstruction approximately 
I cm above the ureterovesical orifice. Eight days after 
the original procedure, the patient was taken back to 
the operating room where she underwent cystoscopy 
with attempted ureteral catheterization without success. 
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At reexploration, cystotomy was performed and the left 
ureter was found to be kinked and deviated laterally 
by the vaginal sutures. These were removed bilaterally 
and both ureters were catheterized, the free ends being 
brought down through the urethra. An intraoperative 


‘retrograde pyelogram demonstrated correct catheter 


placement with no obstruction. The bladder was 
drained suprapubically. The ureteral catheters were re- 
moved on the third postoperative day and a repeat 
intravenous pyelogram just before discharge showed 
only limited narrowing of the distal left ureter with no 
obstruction. Three months after operation, the patient 
denied symptoms of urinary stress incontinence, and 
her only complaint was of mild suprapubic discomfort. 


Comment 


The problem of urinary stress incontinence in the 
woman has been extensively addressed in the literature. 
In properly selected patients, the Burch retropubic ure- 
throvesical suspension procedure offers a better than 
85% long-range cure rate for genuine urinary stress 
incontinence. Minor complications include bladder 
trauma and venous bleeding while major complications 
are infrequent. Only one previous case of ureteral ob- 
struction during a Burch procedure has been re- 
ported,” also in a patient who had undergone previous 
abdominal hysterectomy. As in our patient, fibrosis and 
scarring of the paravesical tissue resulted in kinking of 
the ureter during colposuspension, with subsequent ob- 
structive uropathy. Early recognition and correction of 
the problem prevented permanent kidney damage in 
both patients. This rare complication must be kept in 
mind when one is attempting Burch colposuspension 
in patients who have undergone previous pelvic op- 
eration. 
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Vaginal Gram stain as an immediate detector of group B 
streptococci in selected obstetric patients 


Steven M. Feld, M.D., and John T. Harrigan, M.D. 
New Brunswick, New Jersey 


During a 19-month period selective vaginal Gram stain and culturing were performed prospectively in all 
women admitted to the delivery room at risk for low birth weight delivery secondary to preterm premature 
rupture of the membranes or for prolonged membrane rupture seconcary to term premature rupture of 
the membranes. Gram stain was performed and read immediately on admission. Cultures were also 
obtained simultaneously and sent for microbiologic evaluation. All women with Gram stains positive for 
gram-positive cocci were treated with intravenous ampicillin in the event of labor, unless vaginal culture 
results were already known and were negative for group B B-hemolytic streptococcus. A total of 72 women 
had samples taken, and 30 (41.7%) were positive for gram-positive cocci. Nine (30%) of these were 
subsequently positive for group B B-hemolytic streptococci by culture. There were no cultures positive for 
group B B-hemolytic streptococci in the Gram stain—negative group. Gram stain sensitivity was 100% for 
predicting the presence of group B B-hemolytic streptococci in the study population, and specificity was 
66.7%. Selective vaginal Gram stain provides an effective and rapid screen for identifying the presence of 
group B B-hemolytic streptococci and allows for immediate institution of appropriate antibiotic therapy in 
the event of onset of labor before the availability of culture results. (Am J OBSTET GYNECOL 1987;156:446-8.) 


Key words: Group B streptococci, Gram stain, gram-positive cocci, immediate detection 


The two most common bacterial pathogens in the 
neonatal period are group B B-hemolytic streptococci 
and Escherichia coli, accounting for 70% of all systemic 
neonatal bacterial diseases.’ More significant is the as- 
cension of group B B-hemolytic streptococci as a major 
cause of life-threatening neonatal infection in the 
United States.” > An estimated 12,000 to 15,000 new- 
born infants per year will develop early onset disease, 
and mortality is at least 50%.* 

Prevention of this disease in the neonate is a for- 
midable task, as asymptomatic maternal vaginal colo- 
nization is common, ranging from 5% to 30% of preg- 
nant women." *® Vertical transmission at birth is high, 
occurring in 75% of exposed newborn infants.’ For- 
tunately, the attack rate for group B B-hemolytic strep- 
tococci is much lower with 1% of colonized infants be- 
coming septic, giving an incidence of 0.6 to 4 per 1000 
live births.? 

Studies attempting to identify and treat antepartum 
mothers colonized with group B B-hemolytic strepto- 
cocci have been ineffective in reducing maternal col- 
onization at delivery.®° Intrapartum screening is more 
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effective in predicting pregnancies that result in neo- 
natal infection, and more recently intravenous am- 
picillin given intrapartum to pregnant women colo- 
nized with group B B-hemolytic streptococci has pre- 
vented transmission to the newborn infant.'" !? 

Certain neonates are at greater risk for developing 
disease relating to early onset of group B B-hemolytic 
streptococci, most notably those of low birth weight and 
those born after prolonged membrane rupture.” *” 13 
The attack rate for low birth weight infants is 7.3 times 
that for term infants,’ and the mortality rate is at least 
doubled.* Such newborn infants may benefit from in- 
trapartum ampicillin before birth.’* “ 

Obstetric conditions on occasion may require rapid 
identification techniques for the presence of maternal 
vaginal group B B-hemolytic streptococci in order to 
make informed decisions about initiating intravenous 
ampicillin before delivery. At present 18 hours or more 
is required for reliable identification of group B 
B-hemolytic streptococci,’ ° often leading to unnec- 
essary antibiotic therapy. This study examines the ef- 
fectiveness of the vaginal Gram stain as a rapid and 
accurate detector of group B B-hemolytic streptococci. 


Material and methods 


The study population comprised all pregnant women 
admitted to the delivery room in St. Peter’s Medical 
Center at risk for low birth weight delivery secondary 
to preterm premature rupture of the membranes or 
for prolonged membrane rupture secondary to term 
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Table I. Types of gram-positive cocci isolated 


Bp z 


Group B streptococci 9 
Staphylococcus epidermidis 9 
Staphylococcus aureus 3 10 
Group D streptococci 3 
a-Hemolytic streptococci 2 

3 


Staphylococcus epidermidis/a-hemolytic 10 
streptococci 
Group D a-hemolytic streptococci ] 3.3 


premature rupture of the membranes. From Novem- 
ber 1981 through June 1983, vaginal cultures and 
Gram stain were obtained simultaneously from all 
women who fulfilled the above requirements. Preterm 
pregnancies included all those that had not completed 
-37 weeks’ gestation. Premature rupture of the mem- 
branes was defined as rupture of the membranes pre- 
ceding the onset of labor by any amount of time. 

Sterile speculum examination was performed im- 
mediately on admission to the delivery room. Two cul- 
ture swabs were obtained from the outer one third of 
the vagina. In addition, a third swab was used to streak 
a slide, and this specimen was allowed to air dry. All 
specimens were then immediately transported for mi- 
crobiologic examination. One specimen was inoculated 
directly into selective Todd-Hewitt broth medium (5% 
sheep red blood cells, 8 pg/ml of gentamicin sulfate, 
and 15 ug/ml of nalidixic acid). At 24 hours inoculates 
were subcultured onto blood agar. Confirmation of 
group B B-hemolytic streptococci was obtained with the 
CAMP test. The second swab was treated anaerobically. 

The air-dried smear was used to prepare a Gram 
stain immediately in the following manner by one of 
three fellows in maternal-fetal medicine. The smear 
was heat-fixed and stained with Gentian violet for 
l minute. It was then washed in tap water, and Gram’s 
iodine solution was applied for 1 minute. The smear 
was again washed in tap water and decolorized in 95% 
ethyl alcohol for 30 seconds. Once again it was washed 
in tap water and then counterstained for 20 seconds 
with safranin. As soon as the Gram stain was completed, 
it was examined microscopically. Any presence of gram- 
positive cocci in clumps, pairs, or chains or in an isolated 
instance was considered positive for group B B-hemo- 
lytic streptococci for the purposes of this study until 
culture results were available. 

After sterile speculum examination, no further ex- 
aminations were done in the study population unless 
labor occurred. Those women with preterm premature 
rupture of the membranes were managed conserva- 
tively. At the end of 1 week’s hospitalization, if no signs 
of labor or chorioamnionitis existed, they were dis- 
charged. Those women with term premature rupture 
of the membranes were observed for 12 hours, and if 
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Table II. Gram stain and group B 
culture results 

















Group B Group B 
streptococe: | streptococci 
positive negative Total 





Gram-positive cocci 9 21 30 
positive 

Gram-positive cocci 0 42 42 
negative 

Total 9 63 72 


labor had not ensued by then, intravenous oxytocin 
induction of labor was begun. 

In the event of labor or induction of labor, if 
group B B-hemolytic streptococci was present by cul- 
ture, 1 gm of ampicillin was given intravenously every 
4 hours until delivery. If culture results were not yet 
available, decision for treatment was based solely on 
Gram stain results. 

Once culture results were available, Gram stain and 
culture were matched for each woman in the study 
population. Degree of correlation between the two was 
reviewed. 


Results 


Vaginal Gram stain and culture were obtained in 72 
women during the study period. A total of 61 (84.7%) 
were admitted for preterm premature rupture of the 
membranes, while 11 (15.3%) were admitted for term 
premature rupture of the membranes. A total of nine 
women had positive vaginal cultures for group B 
B-hemolytic streptococci, yielding a 12.5% colonization 
rate. This rate is consistent with the range of coloni- 
zation reported in other populations.'*° Colonization 
rate in the preterm premature rupture of the mem- 
branes population was 11.5% (seven of 61), while the 
rate with term premature rupture of the membranes 
was slightly higher, at 18.2% (two of 11). Again both 
rates fall within the reported range. 

Thirty of 72 Gram stains were positive for gram- 
positive cocci, giving an incidence of 41.7%. Of these 
30, nine (30%) were subsequently positive for group B 
B-hemolytic streptococci by vaginal culture. Table I lists 
the various organisms isolated by culture in the Gram 
stain positive for gram-positive cocci population, with 
their respective percentages of total. Group B B-hemo- 
lytic streptococci was the largest subpopulation. Ta- 
ble II shows the relationship between Gram stain find- 
ings and group B B-hemolytic streptococci vaginal cul- 
ture results. There were no vaginal cultures positive 
for group B B-hemolytic streptococci in the Gram stain 
negative for gram-positive cocci group. 

All nine women with group B §-hemolytic strepto- 
cocci by vaginal culture were accurately identified on 
admission to the delivery room by the Gram stain being 
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positive for gram-positive cocci. No woman subse- 
quently had a positive culture for group B B-hemolytic 
streptococci if the initial Gram stain had been negative 
for gram-positive cocci. Gram stain sensitivity for pre- 
dicting the presence of group B B-hemolytic strepto- 
cocci vaginally was 100% for the study population. 
There were no false negative results. Gram stain spec- 
ificity was 66.7%. 


Comment 


Early onset group B B-hemolytic streptococci infec- 
tion can be life-threatening to the newborn infant. The 
disease course is often rapid and all too frequently leads 
to a fatal outcome. It is imperative that those neonates 
at risk be identified intrapartum so that mothers-to-be 
can be treated with antibiotics to minimize exposure 
during fetal passage through the birth canal, as sug- 
gested by prior studies.’ '* 4 This urgency must be 
balanced by the increased cost and risks that occur with 
widescale antibiotic therapy, since incidence of mater- 
nal carriage for group B B-hemolytic streptococci can 
be as high as 30%.*" 

A population at high risk for developing early onset 
disease has been identified in several studies.* * 7 1° 
Screening of those women admitted at risk for deliv- 
ering low birth weight newborn infants or those born 
after prolonged membrane rupture would narrow the 
target population and eliminate the need for universal 
antepartum screening. 

Even with such an approach, at least 18 hours is 
required from time of vaginal culture for accurate iden- 
tification of maternal carriers of group B §-hemolytic 
streptococci.'* '° Many obstetric situations may occur 
that lead to delivery or active labor before group B 
B-hemolytic streptococci status is known. In preterm 
pregnancies with premature rupture of the mem- 
branes, more than 50% are in active labor within 24 
hours, while 70% of pregnancies at term are in labor 
within 12 hours.’ 

The clinician is thus faced with the choice of treating 


such patients with antibiotics unnecessarily (if group B- 


B-hemolytic streptococci cultures are subsequently neg- 
ative) or not treating and exposing the neonate to po- 
tential risk (if group B B-hemolytic streptococci cultures 
are positive). Minkoff and Mead" have recently ad- 
dressed this issue and suggest treating some patients 
unnecessarily to prevent intrapartum transmission in a 
population at high risk for early onset disease as de- 
scribed above. This approach is suggested until a sim- 
ple, rapid, and accurate diagnostic test for group B 
8-hemolytic streptococci becomes available, thus elim- 
inating the need for unnecessary antibiotics. 

The vaginal Gram stain fulfills these requirements to 
a large extent. It is a simple and rapid test, as well as 
an inexpensive one, and has been used in the diagnosis 
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of neonatal group B B-hemolytic streptococci disease 
with preparation of a smear of gastric aspirate.’ The 
purpose of this study was to assess the accuracy of the 
Gram stain in diagnosing group B B-hemolytic strep- 
tococci. Of most importance would be its sensitivity, so 
that few maternal carriers of group B B-hemolytic 
streptococci are missed in screening a high-risk pop- 
ulation. i 

A sensitivity of 100% in this small study population 
is promising. Further analyses in larger populations are 
needed to confirm these findings. If the sensitivity re- 
mains good, vaginal Gram stain will provide an easy 
and cost-effective screen for group B B-hemolytic strep- 
tococci. 
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C-reactive protein: A limited test for managing patients with 
preterm labor or preterm rupture of membranes? 


J. M. Ernest, M.D., Melissa Stain: R.N., Steven M. Block, M.D., Lewis H. Nelson, M.D., 


Christos G. Hatjis, M.D., and Paul J. Meis, M.D. 
Winston-Salem, North Carolina 


C-reactive protein has been used to identify patients at high risk for infectious morbidity with preterm labor 
or preterm rupture of membranes. In this article we report on 104 patients with preterm labor symptoms 
(n = 45) or preterm rupture of the membranes (n = 59) and serial evaluations of C-reactive protein 
measured by latex agglutination and laser nephélometry. The simple, inexpensive latex method appears 
comparable to the laser method in predicting infectious morbidity and can be used clinically. Elevated 
C-reactive protein values before delivery predict infectious morbidity in only 8% to 29% of patients, and up 
to 18% of patients with serious infections may be misdiagnosed as having normal C-reactive protein 


values before delivery. (AM J OssTET GYNECOL 1987;156:449-54.) 


Key words: C-reactive protein, preterm labor, preterm rupture of membranes 


Preterm labor and delivery remains the leading cause 
of perinatal morbidity and mortality today. A major 
problém associated with preterin labor is intra-amniotic 
infection, which may occur either before or after rup- 
ture of the fetal membranes.'* While these intra-am- 
niotic infections can lead to Serious sequelae in both 
mother and infant, our ability to detect early amnionitis 
remains poor. 

‘Several authors have recently evaluated the acute- 
phase reactant C-reactive protein as a potential marker 
of infectious morbidity in patients at risk for preterm 
delivery?" | 

The purpose of this paper is to report C-reactive 
protein levels and infectious morbidity iri patients with 
preterm labor symptoms or preterm rupture of the 
membranes. 


Methods and materials 


Between August 1, 1983, and May 31, 1984, all pa- 
tients between 26 and 34 weeks’ gestation presenting 
to the Consolidated Obstetrical Service of Forsyth Me- 
morial Hospital and Wake Forest University Medical 
Center with preterm rupture of the membranes (n = 
114) or signs of preterm labor (n = 171) were consid- 
ered eligible for inclusion in the study group. After 
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obtaining informed consent as approved by the Clinical 
Research Practices Committee from 104 patients, each 
patient had a.mean of 8.7 C-reactive protein levels mea- 
sured (range = 1 to 32) before delivery for a total of 
907 samples. Forty-five of the 104 patients had signs of 
preterm labor, which included uterine contractions, 
change in cervical dilatation or effacement, or both, 
while the remaining- 59 patients had rupture of the 
membranes as documented by pH testing and “fern- 
ing” of vaginal fluid during a sterile speculum exami- 
nation. Patients with preterm labor documented by 
uterine contractions and cervical changes were begun 
on a regimen of intravenous tocolytic agents and 
changed to oral tocolytic drugs per established proto- 
cols. If labor was successfully arrested, preterm labor 
patients were discharged home to continue oral toco- 
lytics until 37 weeks’ gestation. All preterm labor pa- 
tients discharged undelivered were considered as not 
having amnionitis, and at subsequent delivery none had 
signs of amnionitis or neonatal infection. Five patients 
were admitted on two separate Occasions and each ad- 
mission was considered separately. Patients with doc- 
umented preterm rupture of the membranes were 
managed expectantly in the hospital until delivery and 
were allowed to labor spontaneously uriless amnionitis, 
fetal distress, or fetal lung maturity, documented by a 
lecithin/sphingomyelin ratio of =2:1 or the presence 
of phosphatidylglycerol in vaginally collected amniotic 
fluid, was noted, at which time delivery was facilitated 
by oxytocin induction or cesarean delivery. A total of 
109 admissions of the 104 patients who consented to 
participate were studied. 

C-reactive protein was measured daily by two parallel 
methods, latex agglutination and laser nephelometry. 
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Table I. Infectious morbidity and latex C-reactive protein positive any time before delivery 








No. of 
patients per 


no. of 


infections 
Maternal amnionitis 97/8 Latex 
Maternal amnionitis and/or 97/13 Latex 


neonatal infection 
Any maternal or neontal 
infection 


109/25 Latex 


Table II. Infectious morbidity and laser C-reactive protein >0.8 mg/dl any time before delivery 
















No. of patients 
per no. of 


infections 







Test 
method 


Maternal amnionitis 85/6 Laser 

Maternal amnionitis and/or 85/10 Laser 
néonatal infection 

Any maternal or neonatal 94/19 Laser 
infection 


Latex agglutination (Rapitex, Calbiochem-Behring*) is 
a rapid antigen detection method that is reported as 
positive (>0.8 mg/dl) or negative (<0.8 mg/dl) as de- 
termined by agglutination on an agitated slide of the 
serum (C-reactive protein antigen) and reagent (anti- 
body to C-reactive protein). Laser nephelometry quan- 
titatively determines C-reactive protein and reports val- 
ues from 0.6 to 10 mg/dl. Normal nonpregnant values 
range from 0.08 to 0.8 mg/dl"? There is an excellent 
correlation between the latex and laser nephelometric 
C-reactive protein determinations (unpublished data). 
Neither method was used for patient management. 
Separate analyses of C-reactive protein values obtained 
within 12 hours before delivery and C-reactive protein 
values obtained at any time after hospitalization but 
before delivery were performed. Both latex (reported 
as positive or negative) and laser (positive considered 
to be >0.8 mg/dl and a separate analysis with positive 
>2.0 mg/dl I) values were studied. The laser nephelom- 
etry values were-chosen because >0.8 mg/dl correlates 
with a positive latex agglutination test and >2.0 mg/dl 
is a value reported in the literature as being predice 
of infections morbidity. 

Definition of infectious morbidity. After other 
sources of infection were excluded by careful physical 
examination, routine urinalysis, urine culture and sen- 
sitivity when indicated, and other indicated tests (chest 
x-ray film, for example) and after vaginal culture for 
group B B-hemolytic streptococci and Neisseria gonor- 


*Behring Diagnostics, Division of American Hoechst Cor- 
porauon, 10933 North Torrey Pines Road, La Jolla, CA 92037. 








Sensitivity 


Sensitivity 


(%) 






Positive Negative 
predictive | predictive 
value value 


(%) (%) 

















Specificity 
(%) 





44 12 0.17 
44 18 0.26 
44 29 86 9457 0.11 















Positive 
bredictive 
value 


(%) 


Negative 
predictive 
value 













Specificity 
(%) 


38 8 94 0.044 0.67 
37 I] 88 0.034 0.66 
37 22 82 0.040 0.67 


rhoeae, amnionitis was considered present by documen- 
tation of the following: (1) maternal temperature 
>38° C (100.4° F) before delivery with any two of the 
following—white blood cell count >20,000/mm! in the 
absence of steroid administration for at least 48 hours 
before white blood cell count determination, maternal 
or fetal tachycardia, uterine tenderness, or foul-smell- 
ing amniotic fluid; (2) pathogens isolated from the pla- 
centa at the time of cesarean delivery; (3) pathogens 
isolated from amniotic fluid obtained at amniocentesis. 

Pathogens from the placenta or amniotic fluid in- 
cluded group B B-hemolytic streptococci, Acinetobacter, 
and anaerobes. Other maternal infections included uri- 
nary tract infections (> 10° colonies per milliliter), re- 
cent conversion to positive VDRL test results, otitis me- 
dia, bacterial poe oi and viral upper respiratory 
infection. 

Neonatal congenital infection was diagnosed within 
3 days of birth. Criteria for definite sepsis included 
clinical illness and positive blood cultures. Criteria for 
probable sepsis included at least two of these criteria: 
(1) clinical illness; (2) complete blood count with neu- 
tropenia or immature to total neutrophil ratio >0.20; 
(3) positive gastric aspirate, Gram stain, or culture; (4) 
positive placental culture; (5) foul odor. 

Evidence of infection was not considered to be pres- 
ent if positive vaginal or placental cultures for common 
vaginal flora (for instance, group B streptococci or Esch- 
erichia coli) were reported after vaginal delivery. His- 
tologic chorioammlonitis was not evaluated because of 
the uncertain correlation between that parameter and 
clinical infection.* ' 
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Table III. Infectious morbidity and laser C-reactive protein >2.0 mg/dl any time before delivery 
















No. of paitents 
per no. of 














Test 


infections method 
Maternal amnionitis 85/6 Laser 
Maternal amnionitis and/or 85/10 Laser 
neonatal infection 
Any maternal or necnatal 94/19 Laser 
infection 


The sensitivity, specificity, and positive and negative 
predictive values were determined for C-reactive pro- 
tein levels in three separate clinical situations: (1) ma- 
ternal amnionitis alone, (2) maternal amnionitis with 
or without neonatal infection, (3) maternal amnionitis 
or any other maternal infection with or without neo- 
natal infection. The x? analysis was used with p < 0.05 
considered significant. 


Results 


A total of 27 infectious episodes were noted during 
the 109 admissions, including eight patients with am- 
nionitis, seven with neonatal infection, and 12 with 
other maternal infections (eight with urinary tract in- 
fections and one each with recent positive VDRL test 
results, otitis media, bacterial pneumonia, arid viral up- 
per respiratory infection. Only two of the eight patients 
with amnionitis had concomitant neonatal sepsis. 

Tables I through III give the sensitivity, specificity, 
and predictive values for infectious morbidity in pa- 
tients with preterm labor or with preterm rupture of 
the membranes with the use of any positive C-reactive 
protein values at any time before delivery. In Table I 
C-reactive protein is measured by latex agglutination 
with values >0.8 mg/dl reported as positive, while 
Tables IJ and III report C-reactive protein measured 
by laser nephelomietry with values >0.8 and 2.0 mg/dl, 
respectively, reported as positive. Sensitivity, specificity, 
and predictive values with a positive C-reactive protein 
value within 12 hours before delivery for the latex and 
laser measurement were also calculated and showed 
similar results to those of Tables I through HI. 

The negative predictive value of C-reactive protein 
measurements is much greater than the positive pre- 
dictive value in all instances. In general, sensitivity was 
greater than specificity for most categories cofisidered. 

After other sources of infection were ruled out and 
when maternal amnionitis and neonatal infection only 
were considered, a positive C-reactive protein value at 
any time before delivery by either test method pre- 
dicted infection 9% to 18% of the time. When only 
C-reactive protein values obtained within 12 hours be- 
fore delivery were considered, the predictability was 
not improved and remained between 8% and 19%. 


Sensitivity 


(%) 














Positive 
predictive 
value 


(%) 


Negative 
predictive 
value 


{%) 







Specificity 
(%) 





64 10 96 0.420 0.52 
61 9 87 0.034 0.66 


61 24 82 0.184 0.65 


These false positive C-reactive protein values, when 
quantitated by laser nephélometry, ranged from 2.1 to 
9.8 mg/dl with no evidence of infection. False negative 
C-reactive protein values were less common but were 
present in 7% to 13% of patients with amnionitis or 
neonatal infection. These patients with “false normal” 
C-reactive protein values included a neonate with en- 
terococcal sepsis, a neonate with group B streptococcal 
sepsis, and a patient whose placental cultures obtained 
at the time of cesarean section grew group B §-hemo- 
lytic streptococci. 


Comment 


Since 1980 seven articles have reported C-reactive 
protein values and infectious morbidity during preg- 
nancy. Four reported on patients with premature rup- 
ture of the membranes,” ”® © one included patients with 
preterm labor and premature rupture of the mem- 
branes, and two correlated C-reactive protein levels 
with outcome of tocolysis in patients in preterm la- 
bor.*'! A summary of these reports is presented in 
Table IV. A comparison of the sensitivity, specificity, 
and predictive values from previous studies with those 
of the present article is presented in Table V. 

Six of the seven groups reported that C-reactive pro- 
tein measurements are useful predictors of infectious 
morbidity, while Farb et al.° stated that C-reactive pro- 
tein measurements are “not a specific or sensitive in- 
dicator of clinical or histologic amnionitis.” The present 
study finds similarities with and differences from pre- 
vious reports. | 

As in previous studies, the negative predicitve valtie 
of C-reactive protein is greater than the positive pre- 
dictive value. In the present report, if all C-reactive 
protein values were negative before delivery, only 7% 
to 13% of patients would exhibit evidence of maternal 
amnionitis and/or neonatal infection. If one or more 
C-reactive protein values were positive before delivery, 
however, the test could no longer be used as a negative 
predictor, and only 9% to 18% of patients with one or 
more positive values would show evidence of maternal 
amnionitis and/or neonatal infection. This low positive 
predictive value contrasts to results in the majority of 
previous articles with reported positive predictive val- 
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Table IV. Review of previous studies | 


Type of patients 


109 (36 with PROM <36 wk Patients with PROM <36 wk gestation Laser nephelometry; >2.0 mg/dl 
gestation) and controls with spontaneous rup- 
ture of membranes at term, pre- 
term labor with intact membranes, 
and term labor with intact 
membranes 





Method of measurement and value 
considered positive 





Evans et al., 1980 


Farb et al.,° 1983 90 31 PROM and 41 PTL patients be- 
tween 20 and 36 wk gestation and 


18 “high risk” 


Laser nephelometry; =2.0 mg/dl 





Hawrylyshyn et al.,’ 
1983 


52 (42 delivered) 


PROM <34 wk gestation 


Laser nephelometry; 
` >1.25 mg/dl 


Romem and Artal,’ 51 PROM <34 wk gestation Laser nephelometry; >1.78- 
1984 l 1.89 mg/dl 
Handwerker et al, 50 Preterm labor 24-34 wk gestation Latex agglutination and capillary 
1984 ` precipitation methods 
Ismail et al., 1985 100 PROM <35 wk Laser nephelometry; >2 mg/d! 
Potkul et al.,"' 1985 62 40 in preterm labor 24-36 wk and Laser nephelometry; >0.7 mg/dl 
i i - 22 controls 
PROM = Preterm rupture of the membranes; SLE = systemic lupus erythematosus; RA = rheumatoid arthritis; 


PTL = preterm labor. 


Table V. lacie bate of C-reactive protein studies and outcomes reported 











Preterm rupture of membranes 
and infectous morbidity 


Preterm rupture of 
membranes, preterm 
labor, and 
hacen morbidity 








Preterm labor and 
tocolylie success 









Evans Hawrylyshyn Romem and Ismail Farb | Present Handwerker 
et al? et al.’ Artal? et al.” et al.é article* et al? 
Sensitivity (%) 86-100 30-77 85 91 
Specificity (%) in 97-100 . He 37-61 89 79 
Positive predictive 81 86-100 36 50 9-18 73 63 
value (%) ` 
Negative predic- 100 97-100 9] 87 87-93 94 96 


tive value (%) 


*Maternal amnionitis and/or neonatal infection. 
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Definition of infectious 
morbidity Comments 

Any of following present Excluded intracurrent illness such 
before delivery: Tem- as SLE and RA; no mention of 
perature 237.5° C, steroid use 
positive maternal or 
neonatal culture, his- 
tologic chorioamnioni- 
tis, elevation of white 
blood cell count to 
50% over baseline 
value, >6 bands on 
differential, any toxic 
granulations 

Clinical: Temperature 
>37.5° C or white 
blood cell count rise 
250% above admis- 
sion level together 
with either uterine 
tenderness or fetal 
tachycardia; also used 
histologic criteria 

Histologic chorioam- 
nionitis; subgroups 
with temperature 
238° C within 12 hr 
of delivery or positive 
endometrial-placental 
cultures 

Temperature > 100° F 
and other criteria 


C-reactive protein obtained every 
12 hr until delivery; steroids 
given; “not specific or sensitive 
indicator of clinical er histo- 
logic chorioamnionitis” 


Compared C-reactive protein to 
white blood cell count, erythro- 
cyte sedimentation rate, 

% bands 


Steroids given; stated “prolonged 
uterine activity >6 hours” was 


“established by Gibbs, cause of elevated C-reactive 
Koh, Garite, and protein 
others” 


Studied successful or 
failed tocolysis with 
positive C-reactive 
protein | 

Temperature 238° C or _ 
tender uterus or foul- 
smelling amniotic fluid 
and fetal tachycardia; 
also reviewed histo- 
logic chorioamnionitis 

Studied successful or —— 
failed tocolysis and 
C-reactive protein 


Urinary tract infection not a con- 
founding factor according to 
authors 


ues for amnionitis or neonatal infection of 50% to 
100%. 

There are several possible reasons for the varying 
results between the present study and previous studies. 
The present study uses a stricter definition of amnio- 
nitis than was used in earlier studies in an attempt to 
avoid placement of noninfected patients into the in- 
fected group. The present definition could therefore 
exclude some patients with early or subclinical infec- 
tion. “Histologic chorioamnionitis” was not used to de- 
fine infection in the present study since previous re- 
ports have noted its occurrence in many noninfected 
patients and its validity as a marker of true infection 
has been questioned. Fox,’ for example, found some 
degree of histologic chorioamnionitis present in 24.4% 
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of 1000 consecutively delivered placentas in Man- 
chester, England. Driscoll’? observed acute inflamma- 
tion of amnion and chorion in 10.7% of 3600 cases and 
could not use placental inflammation to distinguish be- 
tween infected and noninfected cases. More recently, 
Bobitt et al.” reported no correlation between histologic 
chorioamnionitis and the presence or absence of mi- 
croorganisms in amniotic fluid, and Mortimer et al.” 
stated that “placental villitis is usually not an infective 
condition.” White blood cell count elevations within 48 
hours of maternal steroid administration were not used 
to define infectious morbidity since leukocytosis is com- 
monly seen without infection after systemic steroid use. 
Disease incidence can affect the predictive accuracy of 
a test and should be examined when studies with dif- 
ferent results are compared. The percent of patients 
with evidence of histologic chorioamnionitis in the pre- 
viously reported studies ranged from 17% to 63% with 


-a mean of 37% while the clinical chorioamnionitis rates 


were between 13% and 47% with a mean of 25%. The 
present study had comparable rates of overall infec- 
tious morbidity of 25% and amnionitis or neonatal in- 
fection rates of 12%. The differences in incidence be- 
tween studies may explain slight variations in predictive 
value but should not account for the wide variation 
between positive predictive values between the present 
and previous reports. 

In conclusion, an early simple marker of occult intra- 
amniotic infection in patients at risk for infectious mor- 
bidity would be very useful in the management of cer- 
tain high-risk obstetrics patients. Expectantly managed 
patients with premature rupture of the membranes as 
well as patients in preterm labor would benefit from 
additional parameters of infection that could be used 
in conjunction with the maternal temperature, mater- 
nal and fetal heart rates, uterine tenderness, and white 
blood cell count and differential report. In contrast to 
results of previous reports, a patient with all normal 
C-reactive protein values before delivery in whom other 
causes of infection have been ruled out may still have 
a 13% chance of developing maternal amnionitis or a 
neonatal infection while a positive (elevated) C-reactive 
protein value will predict amnionitis or neonatal infec- 
tion only 9% to 18% of the time. 

If C-reactive protein levels are to be used in the man- 
agement of patients in preterm labor or with premature 
rupture of the membranes, the latex agglutination test 
is as reliable as the more expensive and complicated 
laser nephelometric determination. C-reactive protein 
values may be helpful if consistently normal (or neg- 
ative), but significant maternal or neonatal infection 
may still occur in up to one of eight of those patients. 
Elevated C-reactive protein values predict infection in 
only one of five patients and are therefore inaccurate 
predictors of infectious morbidity. 
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Comparison of phospholipids in vaginal and amniocentesis 
specimens of patients with premature rupture of membranes 


David C. Shaver, M.D., Joseph A. Spinnato, M.D., David Whybrew, M.S., 


W. Keith Williams, M.D., and Garland D. Anderson, M.D. 


Memphis, Tennessee 


Amniotic fluid was obtained from the vaginal pool and by transabdominal amniocentesis in 28 patignts who 
were admitted to the hospital between 26 and 35 weeks’ gestation with premature rupture of the 
membranes. Phospholipid profiles were obtained on all specimens with the use of high-performance liquid 
chromatography. The lecithin/sphingomyelin ratio, phosphatidyigiycerol, phosphatidylinositol, 
phosphatidylethanolamine, phosphatidylserine, and lysolecithin were all analyzed to determine the effect of 
vaginal contamination. With the use of a paired ft test, only lysolecithin was shown to be significantly 
affected by vaginal contamination (p < 0.05). As determined by high-performance liquid chromatography, 
evaluation of phospholipids in vaginal fluid of patients with premature rupture of the membranes appears 
to be an accurate and reliable method for predicting fetal lung maturity. (Au J OBSTET GYNECOL 1987; 


156:454-7.) 


Key words: Premature rupture of membranes, lecithin/sphingomyelin ratio, pulmonary 


phospholipids 


Neonatal pulmonary performance is a major deter- 
minant of ultimate outcome for the prematurely deliv- 
ered infant. Suggested management strategies for pa- 
tients with premature labor have relied heavily on the 
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presence or absence of fetal pulmonary maturity, as 
determined by assessment of amniotic fluid obtained 
through amniocentesis. However, amniocentesis for’ 
such purposes in patients with premature rupture of 
the membranes is possible in only 50% of cases.' Al- 
though transvaginally collected amniotic fluid has been 
used for management decisions in some series, the re- 
liability of these determinations has been questioned. 
The purpose of this prospective study is to compare 
phospholipid measurements from amniotic fluid spec- 
imens obtained vaginally with those obtained transab- 
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Table I. Results of lecithin/sphingomyelin ratio and phosphatidylglycerol determination in both vaginal 
and amniocentesis specimens 





10 4.94 
1] 1.72 
12 2.64 
13 3.42 
14 3.43 
15 4.60 
16 2.05 
17 1.50 
18 2.21 
19 1.05 
20 2.35 
21 2.27 
22 2.16 
23 2.29 
24 1.44 
25 1.93 
26 1.75 
27 2.83 
28 1.86 


dominally in patients with preterm premature rupture 
of the membranes. 


Material and methods 


Fluid collection. Approximately 100 patients who 
were admitted to the E. H. Crump Women’s Hospital 
and Perinatal Center with the diagnosis of premature 
rupture of the membranes were evaluated for inclusion 
in the study. Only patients with gestational ages ranging 
from 26 to 35 weeks were considered. Following ad- 
mission to the hospital, a sterile speculum examination 
was performed to confirm premature rupture of the 
membranes, and amniotic fluid was collected from the 
posterior fornix. Free-flowing fluid from the cervix was 
not required; in several cases only pooled vaginal fluid 
could be obtained. Ultrasonography was then per- 
formed, and if an adequate pocket of fluid was iden- 
tified an amniocentesis was carried out under aseptic 
conditions, with real-time ultrasound guidance. If no 
site for amniocentesis could be identified, the patient 
was placed in the Trendelenburg position and reeval- 
uated in several hours. If timely amniocentesis could 
not be performed, the patient was excluded. All vaginal 
and amniocentesis specimens were obtained within 12 
hours of each other. Because of difficulty in obtaining 
both vaginal and amniocentesis fluid in each patient, 
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28 patients who fulfilled these criteria were enrolled in 
the study. 
Instrumentation. All amniotic fluid phospholipid 
separations were carried out on a Hewlett-Packard 
Model 1084B high-performance liquid chromatograph 
equipped with a variable wavelength detector. The 
chromatographic separation was achieved with the use 
of a 5 cm, 40 um Porasil (Supelco, Inc.) guard column 
followed with a 20 cm by 4.6 mm LiChrosorb 10 pm 
Diol column (Hewlett-Packard). The eluted phospho- 


lipids were quantitated by ultraviolet absorption at 203 


nm and the detector response set at 0.0128 au/cm. 
Analytical conditions. A linear gradient was run 
from 2.7% to 15% water in acetonitrile. The separation 
of the phospholipids was achieved at a flow rate of 1.2 
ml/min. The solvent temperatures were maintained at 
40° C, while the column temperature was 35° C. Inte- 
gration of the peak areas was the means of quantitation. 
Chromatographic analysis. Standard curves for each 
of the phospholipids of interest were determined by 
assaying 3, 5, 10, 15, and 20 wg amounts of each phos- 
pholipid in 5 pl quantities. Each of the phospholipid 
peaks was verified by thin-layer chromatography ac- 
cording to the technique of Hallman et al.* Amniotic 
fluid phospholipids were extracted by the procedure 
of Morrison et al.,* except that the amniotic fluid sam- 
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Fig. 1. Scatterplot showing the relationship between lecithin/ 
sphingomyelin (L/S) ratios of vaginal and amniocentesis fluid. 


ples were centrifuged at 1000 x g. The dried extracted 
material was dissolved in 30 pl of chloroform and 
then assayed with high-performance liquid chroma- 
tography. 

Statistical methods. Statistical evaluations were per- 
formed with the use of the paired ¢ test and correlation 
coefficient. A p value of <0.05 was considered statis- 
tically significant. 


Results 


In all 28 patients included in the study, at least 5 ml 
of both vaginal and amniocentesis fluid was obtained. 
None were contaminated with blood or meconium. 

High-performance liquid chromatography. The lec- 
ithin/sphingomyelin ratios, presence or absence of 
phosphatidylglycerol, and gestational age at the time 
of sampling for each patient are shown in Table I. In 
25 of 28 patients (89%), both vaginal and amniocentesis 
specimens were in agreement in regard to maturity 
(=2.0:1) or immaturity (<2.0:1) of lecithin/sphingo- 
myelin ratios. In the three remaining patients (Pa- 
tients 1, 5, and 9) the lecithin/sphingomyelin ratios 
were closely paired slightly above or below a ratio of 2 
in each case. The lecithin/sphingomyelin ratios are rep- 
resented graphically in Fig. 1. As can be seen, there is 
good correlation between the samples, with a correla- 
tion coefficient of 0.88. The mean lecithin/sphingo- 
myelin ratio of amniocentesis fluid was 2.3:1 (+0.99), 
and the mean lecithin/sphingomyelin ratio of vaginal 
fluid was 2.56 (+1.41). Paired ¢ test did not reveal 
a significant difference between the specimens (p = 
0.06). 

Phosphatidylglycerol was present in amniocentesis 
specimens of nine patients. All patients with positive 
test results for phosphatidylglycerol, with one excep- 
tion (Patient 1, 30 weeks), were at 234 weeks’ gestation. 
Each patient with amniocentesis specimens containing 
phosphatidylglycerol also had clearly detectable phos- 
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phatidylglycerol in vaginal fluid. The correlation co- 
efficient for phosphatidylglycerol was 0.94, and paired 
t test demonstrated no significant difference between 
the two groups (p > 0.2). 

Comparisons of phosphatidylinositol, phosphati- 
dylethanolamine, phosphatidylserine, and lysolecithin 
were also done. Correlation coefficients and results of 
paired ¢ test of all the phospholipids measured are 
noted in Table II. Lysolecithin was the only phospho- 
lipid that was demonstrated to be significantly affected 
by vaginal contamination. 

Neonatal outcome. None of the infants in cases 
where either vaginal or amniocentesis fluid indicated 
fetal lung maturity (18 patients) experienced respira- 
tory complications. In the 10 patients with immature 
lecithin/sphingomyelin ratios, four infants (40%) had 
respiratory complications. Two of these infants were 
diagnosed as having the respiratory insufficiency of 
prematurity, and one of them died (Patient 4). The 
other two carried a diagnosis of respiratory distress 
syndrome and one of these infants also died (Patient 
24). The incidence of pulmonary complications is of 
limited significance, however, since tocolytics and ste- 
roids were administered to several patients, and deliv- 
ery was delayed for one week in three patients. 


Comment 
Assessment of fetal lung maturity is usually included 


. in the evaluation of patients in whom premature de- 


livery is contemplated or in those who are felt to be at 
high risk for premature delivery. However, in virtually 
all studies on management of patients with premature 
rupture of the membranes, no assessment of fetal lung 
maturity is included. This is presumably due to an un- 
willingness to accept the reliability of such studies on 
fluid obtained vaginally. An exception to this is the 
presence of phosphatidylglycerol in vaginal fluid, which 
has been shown to be an accurate predictor of fetal 
lung maturity.*° . 

This reluctance to accept the accuracy of studies on 
fluid obtained vaginally apparently dates from early 
work done on fetal lung maturity. Although several 
reports since that time have disputed these conclusions, 
they remain entrenched in the literature and in man- 
agement practices. 

Most reports that have addressed the issue of vaginal 
contamination in studies of lung maturity have not in- 
cluded patients with premature rupture of the mem- 
branes. Instead, several approaches such as washings 
of the vagina or transcervical amniocentesis with sub- 
sequent amniotomy have been used. Additionally, 
nearly all patients who were evaluated were at term 
gestation, and therefore the incidence of immature lec- 
ithin/sphingomyelin ratios was quite low. 

Several reports have indicated a good correlation of 
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Table II. Relationship giia vaginal and amniocentesis specimens of amniotic fluid 



















Correlation 
coefficient 
(r) 


Amniocentesis 
specimen 
(mean + SD) 


Vaginal 
specimen 
(mean + SD) 










Paired t test 


Phospholipid (p value) 


Lecithin/sphingomyelin 2.3 + 0.987 2.56 + 1.41 0.88 0.06 
Phosphatidylglycerol 0.045 + 0.098 0.049 + 0.098 0.94 0.20 
Phosphatidylinositol 0.199 + 0.156 0.190 + 0.186 0.69 >0.20 
Phosphatidylethanolamine 0.362 + 0.247 0.365 + 0.203 0.89 >0.20 
Phosphatidylserine 0.293 + 0.199 0.292 + 0.205 0.88 >0.20 
Lysolecithin 0.08 + 0.123 <0.05 


lecithin/sphingomyelin ratios in amniotic fluid before 
and after vaginal contamination. Sbarra et al.° dem- 
onstrated that lavage of the vagina did not affect the 
lecithin/sphingomyelin ratio and further showed that 
there was no detectable lecithin or sphingomyelin in 
washings of vaginal fluid. Similar findings regarding 
lecithin/sphingomyelin ratios were reported by Phil- 
lippe et al.’ and Golde.” 

Dombroski et al.? evaluated 27 patients at term with 
transvaginal amniocentesis and subsequent fluid col- 
lection after amniotomy. Although lecithin/sphingo- 
myelin ratio and phosphatidylglycerol correlated well, 
they expressed concern because the vaginal lecithin/ 
sphingomyelin ratio exceeded the amniocentesis result 
22% of the time. 

All of the patients included in this study 1 were <36 
weeks’ gestation with premature rupture of the mem- 
branes and with a wide range of lecithin/sphingomyelin 
ratios demonstrated. As measured by high-perfor- 
mance liquid chromatography, there appears to be little 
effect of vaginal contamination on the phospholipids 
commonly used to assess fetal lung maturity. Although 
the difference between lecithin/sphingomyelin ratios 
did approach statistical significance (p = 0.06) because 
of a slightly higher mean lecithin/sphingomyelin ratio 
in the. vaginal group, this had virtually no effect on the 
individual patients and should be of little clinical sig- 
nificance. In only one case (Patient 13) was there a 
marked discrepancy in lecithin/sphingomyelin ratios 
(3.42: 1 versus 7.13: 1), which would have no y impact 
on management. i 

: The present study confirmed the reliability of as- 
sessing vaginal fluid for phosphatidylglycerol. How- 
ever, phosphatidylglycerol was present in a minority of 
patients (nine of 28, or 32%), which would be expected 
at the gestational ages that were represented. There- 
fore, the ability to use other parameters of fetal pul- 


0.142 + 0.139 0.83 


monary maturity, such as lecithin/sphingomyelin ratio, 
assumes greater importance. 

Confidence in the accuracy of pulmonary maturity 
studies of vaginally obtained amniotic fluid should have 
an impact on management of patients with premature 
rupture of the membranes. Decisions regarding sub- 
jects such as the use of tocolytics, administration of 
corticosteroids, or timing of induction of labor could 
all be made with more authority if the status of fetal 
lung maturity were known. 
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Acute Haemophilus influenzae chorioamnionitis associated 


with intact amniotic membranes 


Hung N. Winn, M.D., and Charles C. Egley, M.D. 
Peoria, Illinois 


While Haemophilus influenzae infection commonly occurs in the age group 6 to 48 months, it uncommonly 
affects adults. A case of acute chorioamnionitis due to Haemophilus influenzae in the presence of intact 
fetal membranes is presented. The low incidence of maternal urogenital carriage, the high attack rate, and 
the virulence are discussed. (AM J Osstet GYNECOL 1987;156:458-9.) 


Key words: Chorioamnionitis, sepsis, antibiotics 


Acute chorioamnionitis occasionally occurs in the 
presence of intact fetal membranes. Premature rupture 
of the membranes significantly increases the risk of 
acute amnioiiitis. While a number of organisms have 
been associated with chorioamnionitis, Haemophilus in- 
fluenzae has been a rare isolate. Gibson and Williams! 
reported thé first case of Haemophilus influenzae am- 
nionitis associated with premature rupture of the mem- 
branes. Reviewing the obstetric literature, we believe 
this is the first report of Haemophilus influenzae causing 
acute amnionitis while the membranes are still intact. 


Case report 


The patient, 4 25-year-old white married woman, 
gravida 4, para 3, was transferred to our hospital, be- 
cause of pretérm labor at 22 weeks of gestation without 
ruptured membranes. The patient’s prenatal course 
was remarkable for chills, diarrhea, and nausea for 3 
days before adniission. Uterine coiitractions started 
about 6 hours before the. transfer. Tocolysis was initi- 
ated with intravenous ritodrine to avoid delivery during 
transportation. Shortly afterward, ritodrine was dis- 
continued because the patient developed hypotension 
(systolic and diastolic pressures ranged from 80 to 90 
and: 30. to 40 torr, respectively), diaphoresis, and a de- 
creased level of consciousness. She had no chest pain 
or dyspnea. She received a fluid challenge of 1000 ml 
of 5% dextrose in water and lactated Ringer’s solution 
during transport. On admission to our hospital the pa- 
tient was conscious and diaphoretic. She had a rectal 
temperature of 38.9° C and a blood pressure. of 90/30 
torr in a supine position. Examination revealed regular 
uterine contractions every 4 to 5 minutes, mild uterine 
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tenderness, and copious purulent discharge from the 
cervix. Ferning test of the vaginal discharge was neg- 
ative for aminiotic fluid. A tentative diagnosis of sepsis 
and preterm labor secondary to acute amnionitis was 
made. Amniocentesis revealed many gram-negative ba- 
cilli. A chest roentgenogram showed a left lower lobe 
infiltration suggestive of pneumonia on admission. The 
patient was given intravenous ampicillin, clindamycin, 
and gentamicin. She also received intravenous dopa- 
mine infusion at a low dose (10 g/kg/min) to maintain 
systolic blood pressure above 90 torr. As soon as her 
condition had been stabilized, the patient underwent a 
hysterotomy for delivery of the fetus since the cervix 
remairied closed and thick. A live-born 400 gm male 
infant with Apgar scores of 1 and 5 at 1 and 5 minutes, 
respectively, was delivered. The infant died shortly af- 
terward because of immaturity. 

Quantitative. cultures of amniotic fluid and blood for 
aerobes and anaerobes revealed Haemophilus influenzae, 
not type B, asa single pathogen, which was sensitive to 
ampicillin. Cleocin and gentamicin were discontinued 
on the second postoperative day. The patient was main- 
tained on a regimen of intravenous ampicillin for 5 
days and was discharged on a regimen of oral amoxi- 
cillin. Intravenous dopamine was discontinued when 
the patient was in the recovery room. The temperature 
returned to normal within 24 hours of admission and 
she remained afebrile until discharged. Her postop- 
erative coursé was uneventful. A repeat chest roent- 
genogram showed a decrease in the lung infiltration 3 
days later. Serum cold agglutinin and mycoplasma se- 
rologic tests were riegative. The placental pathologic 
examination revealed acute chorioamnionitis and fu- 
nisitis. 


Comment 

Haemophilus influenzae is a gram-negative, nonmotile 
aerobic bacillus that requires hematin and nicotinamide 
adenine dinucleotide or precursor for optimal growth. 
It is a major cause of meningitis in children from age 
3 months to 3 to 6 years. In adults symptomatic infec- 
tion, when it occurs, often presents as pneumonia, usu- 
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ally from nonencapsulated strains. However, infection 
due to Haemophilus influenzae is uncommon in adults. 
Haemophilus influenzae amnionitis in the presence of in- 
tact membranes is especially rare. 

There are two possible mechanisms by which Hae- 
mophilus influenzae can enter the amniotic cavity: hema- 
togenous dissemination from another source of infec- 
tion or ascending assault from the cervix and vagina. 
Respiratory infections are important sources of hema- 
togenous spread due to Haemophilus influenzae infection. 
Furthermore, Haemophilus influenzae can cause bacte- 
remia even without localized infection. It is possible that 
our patient had pneumonia due to Haemophilus influ- 
enzae with subsequent bacteremia and hematogenous 
dissemination to the amniotic cavity. 

Haemophilus influenzae can also enter the amniotic cav- 
ity by an ascending route from the vagina and cervix. 
The carriage rate of this organism in the female genital 
tract is very low.” On the other hand, Haemophilus in- 
fluenzae appears to have a high attack rate and virulence 
associated with significant maternal and neonatal mor- 
bidity. Beargie* obtained two positive cultures for Hae- 
mophilus influenzae arnong 1083 routine vaginal cultures 
done on asymptomatic patients admitted to the labor 
ward. One of the two patients with positive vaginal 
cultures for Haemophilus influenzae developed acute am- 
nionitis and neonatal sepsis.” Our patient and the one 
reported by Gibson and Williams’ also developed mod- 
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erate hypotension and high fever early in the disease 
process. It is possible, although unlikely, that our pa- 
tient developed two separate diseases at the same time, 
acute amnionitis from ascending infection and left 
lower lobe pneumonia. 

The drug of choice for Haemophilus influenzae is am- 
picillin. Occasionally, an ampicillin-resistant organism 
may be isolated, in which case chloramphenicol is the 
alternative. 

In conclusion, since acute amnionitis due to Haemo- 
philus influenzae is a rare event, a high index of suspicion 
is required to diagnose and initiate a timely and ap- 
propriate treatment to decrease maternal and neonatal 
morbidity. The usual triple antibiotic therapy (ampi- 
cillin, clindamycin, and gentamicin) remains an excel- 
lent choice for acute amnionitis, especially in cases 
where sepsis is also present. Haemophilus influenzae 
should be added to the list of potential pathogens that 
can cause acute amnionitis even in the presence of intact 
membranes. Routine screening for this organism does 
not seem to be cost-effective at this time in view of the 
very low carriage rate. 


REFERENCES 


1. Gibson M, Williams PP. Hemophilus influenzae amnionitis 
associated with prematurity and premature membrane 
rupture. Obstet Gynecol 1978;52(suppl):70-2. 

2. Beargie R. Perinatal infection and vaginal flora. AM J OB- 
STET GYNECOL 1975;122:31-3. 


volume. The binding is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact The C. V. 
Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146, USA; phone (800) 325-4177, ext. 351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 


of a regular JOURNAL subscription. 





Maternal serum a-fetoprotein, age, and Down syndrome risk 


Glenn E. Palomaki, B.S., and James E. FARAONI M.D. 


Scarborough, Maine 


Before the discovery that an association existed between low maternal serum a-fetoprotein levels and 
Down syndrome, the ability to detect Down syndrome pregnancies was limited to women aged +35, 
whose individual risks were sufficiently high (=1:270 in the second trimester) to justify offering 
amniocentesis. If such women were to opt for that procedure, about 20% of all cases of Down syndrome 
could be detected. It is now possible to identify an additional 20% of all Down syndrome pregnancies in 
women under age 35, with the use of a screening process that combines a woman’s maternal serum 
a-fetoprotein level and her age. We present a method whereby a woman's individual odds for Down 
syndrome can be calculated by combining the maternal serum a-fetoprotein measurement with her age, on 
the basis of published age-related Down syndrome risk data and on maternal serum a-fetoprotein 
distributions for unaffected and Down syndrome pregnancies. These individual odds calculations provide 
the basis both for establishing maternal serum a-fetoprotein/Down syndrome screening cutoffs and for 


counseling. (AM J OssTeT GyNecot 1987;156:460-3.) 


Key words: Down syndrome, maternal serum a-fetoprotein, maternal age, odds, screening 


The association between low maternal serum a-feto- 
protein levels and Down syndrome has been thor- 
oughly documented.'? Maternal serum a-fetoprotein 
has been proposed as a screening test for Down syn- 
drome risk,** and one prospective study has been pub- 
lished that demonstrates the feasibility of such screen- 
ing.” In this paper we describe a method for calculating 
a woman’s individual odds for carrying a Down syn- 
drome pregnancy that takes both her MSAFP level and 
age into account. Attention has been called to the need 
for odds tables that can be derived from this method 
for use by health professionals such as obstetricians and 
genetic counselors." 


Background data necessary for the method 


- Down syndrome risk estimation by maternal age 
alone. Table I gives rates of Down syndrome births by 
maternal age from three sources as reported by Hook,” 
along with the mean rate and the resulting Down syn- 
drome odds at term and midtrimester. The midtrimes- 
ter odds are based on estimated spontaneous Down 
syndrome fetal losses of 29% between the second 
trimester and term.” 

Distributions of maternal serum a-fetoprotein mul- 
tiples of the median for unaffected singleton and 
Down syndrome pregnancies. Fig. 1 shows distribu- 
tions of the maternal serum a-fetoprotein multiples of 
the median for both Down syndrome and unaffected 
singleton pregnancies. Both of these populations fit a 
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log Gaussian distribution'* "; their log means and stan- 
dard deviations are estimated from published medians 
and interquartile ranges.’ The unaffected singleton dis- 
tribution has been modified to approximate a popu- 
lation whose dates have been ue by sonograpme 
biparietal diameter measurements.’ 


Method 


Deriving an individual woman’s likelihood ratio for 
Down syndrome on the basis of maternal serum 
a-fetoprotein multiples of the median. For an individ- 
ual woman, the likelihood ratio for a Down syndrome 
pregnancy versus an unaffected singleton pregnancy 
can be estimated by first locating the maternal serum 
a-fetoprotein multiple of the median on the horizontal 
scale in Fig. 1 and then measuring the vertical distance 
from that point on the baseline to the Down syndrome 
and unaffected singleton curves. The likelihood ratio 
is the distance to the Down syndrome curve divided by 
the distance to the unaffected singleton curve. For ex- 
ample, the dashed vertical line in Fig. 1 indicates a ma- 
ternal serum a-fetoprotein test result of 0.50 multiple 
of the median. The distance to the Down syndrome 
curve is 2.37 times greater than to the unaffected curve. 
Thus the woman’s odds of carrying a Down syndrome 
fetus are found to be 2.37 times greater than before 
the maternal serum o-fetoprotein test result was 
known. The formula for calculating the height (Y) of 
a Gaussian curve at a given position on the baseline (X 
is Jog, multiple of the median) is expressed in the fol- 
lowing equation: 
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Table I. Estimates of Down syndrome rates and odds both at term and during the second trimester by 


maternal age 


Down syndrome rate/1000 at term 


Mass. New York Swedish Mean 
study study study rate Term Midirimester 


Maternal age 


at term (yr) 
20 0.57 0.52 
21 l 0.60 0.59 
22 0.64 0.65 
23 0.67 0.71 
24 0.70 0.77 
25 0.74 0.83 
26 0.77 0.89 
27 0.80 0.95 
28 0.84 1.01 
29 0.87 1.07 
30 0.90 1,13 
31 0.93 1.21 
32 1.15 1.38 
33 1.55 1.69 
34 1.98 2.15 
35 2.53 2.74 
36 3.22 3.49 
37 4.lI 4.45 
38 5.24 5.66 
39 6.68 7.2} 
40 8.52 9.19 
41 10.86 11.71 
42 13.85 14.91 
43 17.66 19.00 
44 22.51 24.20 
45 28.71 30.84 
46 36.61 39.28 
47 46.65 50.04 
48 59.52 63.75 
49 75.89 81.21 
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Odds 


0.64 0.58 1:1734 1:1231 
0.67 0.62 1:1612 1:1145 
0.71 0.67 1: 1500 1: 1065 
0.75 0.71 1:1408 1: 1000 
0.79 0.75 1: 1327 1:942 
0.84 0.80 1: 1250 1:887 
0.87 0.84 1:1186 1:842 
0.92 0.89 1:1124 1:798 
0.97 0.94 1:1064 1:755 
1.02 0.99 1:1014 1:72] 
1.08 1.04 1:965 1:685 
1.14 1.09 1:915 1:650 
1.25 1.26 1:794 1:563 
1.47 1.57 1:637 1:452 
1.92 2.02 1:496 1:352 
2.51 2.59 1:386 1:274 
3.28 3.33 1:300 1:213 
4,28 4.28 1:234 1: 166 
5.60 5.50 1:182 1:129 
7.32 7.07 1:14] 1:100 
9.57 9.09 1:110 1:78 
12.5] 11.69 1:86 1:61 
16.36 15.04 1:66 1:47 
21.39 19.35 1:52 1:37 
27.96 24,89 1:40 1:29 
36.55 32.03 1231 1:22 
47.79 41.23 1:24 1:17 
62.47 53.06 1:19 1:13 
81.67 68.31 1:15 1:10 
106.76 87.95 1:11 1:8 


Table II. Likelihood ratio of Down syndrome versus unaffected singleton pregnancy by maternal serum 


a-fetoprotein multiple of the median 
Multiple of 


the median 

0.3 

0.4 3.8] 3.61 3.49 3.95 
0.5 2.37 227 2.19 2.10 
0.6 1.66 1.61 1.56 1.52 
0.7 1.26 1.23 1.20 Lig 
0.8 1.01 0.99 0.97 0.95 
0.9 0.84 0.83 0.82 0.80 
1.0 0.72 0.64 0.57 0.52 


5.19 4.86 4.56 4.29 4.04 
3.09 2.95 2.81 2.69 2.57 2.47 
2.03 1.96 1.89 1.83 FE 1.71 
1.47 1.43 1.39 1.36 1.32 1.29 
1.15 1.12 1.10 1.07 1.05 1.03 
0.93 0.92 0.90 0.89 0.87 0.86 
0.79 0.78 0.77 0.76 0.75 0.73 
0.48 0.45 0.42 0.40 0,38 0.36 


*To find the likelihood ratio associated with an individual woman’s maternal serum a-fetoprotein multiple of the median (for 
example, 0.50), identify the first significant digit (5) in the left-hand column and match with the second significant digit (0) located 


in the top row. The likelihood ratio for this example ts 2.37. 


where u is the mean of a population and s is the as- 
sociated standard deviation. Table II displays likelihood 
ratios for Down syndrome after maternal serum a-feto- 
protein testing as derived from the formula, in incre- 
ments of 0.01 from 0.35 to 1.0 multiple of the median 
and in increments of 0.1 from 1.0 to 1.9 multiples of 
the median. 

Estimating an individual woman’s odds for Down 


syndrome, on the basis of age and maternal serum 
a-fetoprotein multiples of the median. Individualized 
odds can be assigned by combining the maternal age 
odds in Table I with the likelihood ratios in Table II. 
For example, a 32-year-old woman with a maternal se- 
rum a-fetoprotein multiple of the median of 0.50 is 
first assigned a maternal age odds in the second trimes- 
ter of 1:563. Then this odds estimate is multiplied by 
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Fig. 1. Plot of the log Gaussian distributions of Down syndrome pregnancies (mean — 0.14, SD 0.21) 
and unaffected singleton pregnancies with ultrasound dating (mean 0.00, SD 0.19). 
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Fig. 2. Plot of the likelihood ratio of Down syndrome versus 
unaffected singleton pregnancy based on the log Gaussian 
model and the Gaussian model proposed by Baumgarten. 


the likelihood ratio (2.37) associated with the maternal 
serum a-fetoprotein result, giving a combined odds of 
2.37:563 or 1:238. 


Comment 


Means and standard deviations of the Down syn- 
drome and unaffected singleton distributions have 
been estimated in this paper from published reports. 
As more data accumulate, better estimates may appear, 
and the odds table may need to be updated accordingly. 
However, the method of odds calculations will remain 
applicable. 

Baumgarten" has suggested a method for estimating 


a woman’s individual odds of carrying a Down syn- 
drome fetus based on Gaussian rather than log Gaus- 
sian distributions for both the Down syndrome and 
unaffected singleton populations; in his method, dis- 
tributions are also assigned identical standard devia- 
tions. His method and the standard method described 
here give similar likelihood ratios between 0.50 and 1.1 
multiple of the median (Fig. 2), but they differ at lower 
and higher multiples of the median. For example, at 
1.5 multiples of the median, the likelihood ratio ac- 
cording to the standard method is 0.45, whereas for 
the method suggested by Baumgarten it is 0.21. Be- 
cause distributions for the two populations are known 
to be log Gaussian, risk estimates in the present paper 
are more likely to be correct. 

The maternal serum a-fetoprotein multiple of the 
median is derived from a combination of gestational 
age estimation, the maternal serum a-fetoprotein mea- 
surement itself, and the laboratory’s reference values 
(medians). As a refinement, the maternal serum a-feto- 
protein multiple of the median can be corrected for 
maternal weight.” In our experience, when gestational 
dates have been calculated from the last menstrual pe- 
riod, about 75% of the maternal serum a-fetoprotein 
values <0.25 multiple of the median and 50% of the 
values between 0.25 and 0.50 multiple of the median 
are associated with overestimated gestational age. For 
that reason, last menstrual period estimates need to be 
confirmed by ultrasound before a final risk estimate 
can be made. Assay performance at the low end of the 
maternal serum o-fetoprotein range can be a problem 
because maternal serum «-fetoprotein assays for preg- 
nancy screening were originally optimized in the higher 
range for neural tube defect identification. Improperly 
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established maternal serum a-fetoprotein medians can 
also contribute substantially to error in Down syndrome 
odds assignment. 

At present, pregnant women in the United States 
aged 35 years and older are offered amniocentesis for 
Down syndrome detection as part of routine prenatal 
care. This group of women has a second-trimester 
Down syndrome risk of at least 1:270 (Table 1), and if 
all these women were to opt for amniocentesis, ap- 
proximately 20% of all Down syndrome pregnancies 
could be detected. The association between maternal 
serum a-fetoprotein and Down syndrome provides an 
Opportunity to define a group of younger pregnant 
women with Down syndrome risk equivalent to that of 
women 35 years of age and older. While low maternal 
serum a-fetoprotein levels are not strongly related to 
Down syndrome risk, approximately 20% of all cases 
can be identified in women under the age of 35 by the 
approach described here, thus offering the potential to 
double the number of Down syndrome cases detected 
while, at the same time, proportionately increasing the 
number of amniocenteses. 
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Delivery of fertility control services by male and female 


obstetrician-gynecologists 


Carol S. Weisman, Ph.D., Constance A. Nathanson, Ph.D., 


Martha Ann Teitelbaum, M.P.H., Ph.D., Gary A. Chase, Ph.D., and 


Theodore M. King, M.D., Ph.D. 
Baltumore, Maryland 


Sex differences in the delivery of fertility control services were explored in a national survey of 1420 
recently trained obstetrician-gynecologists in active practice. Women were found to be more likely than 
men to provide abortion services but less likely than men to provide amniocentesis and certain infertility 
services. Women were found to contribute less than their proportionate share of two services for which 
volume was measured: artificial inseminations and sterilizations. Physician gender, however, was a less 
important predictor of volume of sterilizations delivered than were a set of practice-related variables. 
Overall our findings suggest that the increased representation of women among obstatrician-gynecalogists 
could influence the delivery of a few specific services. (AM J Osstet GyNecoL 1987;156:464-9.) 


Key words: Fertility control, women physicians, sterilization 


This study was undertaken to explore how the in- 
creasing number of women entering practice in ob- 
stetrics-gynecology is likely to affect the delivery of fer- 
tility control services. A previous study of residents in 
obstetrics-gynecology in 1981 showed that women are 
more likely than men to support abortion, to approve 
of contraceptive services to 13- or 14-year-olds without 
parental consent, and to be interested in health edu- 
cation for women.' A recent survey by the American 
College of Obstetricians and Gynecologists? found that 
women obstetrician-gynecologists were more likely 
than men to report that abortions are justified under 
some circumstances. These findings suggest that female 
physicians might be more likely than men to provide 
these services, might provide them in a more supportive 
or empathetic manner, or might give greater attention 
to the cognitive aspects of fertility control. On the other 
hand, some have suggested that women will provide 
smaller numbers of surgical procedures, as compared 
with men.” We conducted a national survey of re- 
cently trained obstetrician-gynecologists to determine 
whether there are discernible sex differences in the 
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number and types of fertility control services provided 
to patients. In this study, fertility control services in- 
clude contraceptive services, abortion services, and di- 
agnosis and treatment of infertility. In addition, ser- 
vices include specific procedures as well as counseling 
and referrals. 


Niethods 


Data for this analysis are from a 1984 national survey 
of obstetrician-gynecologists consisting of a telephone 
interview and a self-administered questionnaire mailed 
to respondents to the interview. The target population 
consisted of all men and women who had graduated 
from medical school between 1974 and 1979 (the pe- 
riod of greatest increase in the number of women en- 
tering the specialty), who had completed residency 
training in obstetrics-gynecology, and who were in ac- 
tive practice at the time of the survey. The sampling 
frame selected was the membership roster of the Amer- 
ican College of Obstetricians and Gynecologists, since 
this was the most efficient way of identifying physicians 
formally trained in obstetrics-gynecology. To assess 
whether the ACOG sampling frame adequately covered 
the target population, we conducted a survey of a sam- 
ple of 200 physicians who had completed residency 
programs in 1983; using last-known addresses supplied 
by the residency programs, we traced the physicians 
and telephoned them to determine their ACOG mem- 
bership status and current activity status in the profes- 
sion. We found that 68% were ACOG members as of 
8 months after residency and that there was no sex 
difference in membership rates. Further, nonmembers 
and members did not differ significantly with regard 
to activity status or type of practice arrangement. We 
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Table I. Delivery of fertility control services during last year by sex* 


Service 
Contraceptive counseling-referral 
Prescriptions for oral contraceptives 
Insertions of intrauterine contraceptive devices 
Diaphragm fittings 
Sterilization for contraceptive purposes 
Abortion counseling-referral 
First-trimester abortions 
Second-trimester abortions 
Genetic counseling 
Amniocentesis 
Infertility counseling-referral 
Infertility testing 
Infertility drugs or treatment 
Artificial insemination 
In vitro fertilization or implantations 


Ovum transplantations 


Percent who provide 


(n = 706) 


Percent who refert 


: 99.4 40.0 75.0 
706) (n = 712) (n = 5) (n = 4) 
99.4 50.0 100.0 
706) (n = 712) (n = 4) (n = 4) 
94.0 51.2 60.5 
706) (n = 712) (n = 43) (n = 43) 
61.14 
706) (n = 712) (n = 18) (n = 18) 
95.9 50.0 69.0 
706) (n'= 712) (n = 22) (n = 29) 
85.0¢ 86.3 ` 80.4 
706) (n = 712) (n = 139) (n = 107) 
48.5t 92.9 92.9 
706) (n = 711) (n = 411) (n = 366) 
21.6 86.8 86.9 
706) (n = 712) (n = 574) (n = 558) 
69 96.2 94.4 
706) (n = 712) (n = 186) (n = 214) 
70.14 86.2 7 
706) (n = 712) (n = 123) (n = 213) 
95.1 8.3 82.9 
(n = 712) (n = 23) (n = 35) 
' 92.14 76.7 0.4 
706) (n = 711) (n = 30) (n = 56) 
86.74 74.5 77.9 
706) (n = 712) (n = 47) (n = 95) 
34.34 68.7 
706) (n = 712) (n = 380) (n = 303) 
2.2 58.4 5 
706) (n = 712) (n = 690) (n = 696) 
34.6 36.2 
(n = 711) (n = 242) (n = 709) 


*Percent reporting that they provided (or referred for) the given service during the last year of practice; service could have 
been provided in any of the practice settings in which respondents worked. (Base numbers are in parentheses.) 


tAmong those respondents who reported that they did not provide the service. 


tx’ Test for the sex difference is significant, p < 0.05. 


concluded that the ACOG sampling frame was appro- 
priate for our purposes and did not introduce a sex 
bias. 

The sample selected from the ACOG roster consisted 
of 100% of women who had graduated from medical 
school between 1974 and 1979 and a 28% systematic 
sample of comparable men: 930 men and 930 women 
were selected in this way. Subjects were then contacted 
by telephone, invited to participate in the study, and 
screened for eligibility on two additional criteria: com- 
pletion of residency training in obstetrics-gynecology 
and current active practice. Fifteen subjects could not 
be located, and 253 refused to participate. Of the re- 
maining subjects, 172 (9% of the original sample) were 
ineligible, primarily because they were still in full-time 
residency or postresidency training; or eight subjects 
(three men and five women) were “inactive” (neither 
in training nor in practice). There were no sex differ- 
ences in reasons for ineligibility. 

' Eighty-four percent of the adjusted sample (original 


sample minus the ineligibles) completed the telephone 
interview (N = 1420). Among those interviewed, 84% 
then completed the mailed questionnaire. These are 
high response rates for a physician survey, and there 
were no sex differences in response rates to either in- 
strument. 

Respondents were located in all 50 states and had 
been in practice an average of 3 years at the time of 
our survey. The types of practice arrangements in 
which the respondents worked, their hours of work, 
and their numbers of encounters with patients have 
been described in a previous publication.’ 

Data reported in this paper include which fertility 
control services were provided by the physicians in any 
of the settings in which they practiced and, for selected 
services, the volume (number of units of the procedure) 
provided during the last year of the physician’s practice. 
These data were obtained in the telephone interview, 
and physicians were instructed to give their best esti- 
mates for the volume figures. Self-reported volume 
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Table II. Comparison of observed and expected proportions of selected services provided by men 

















and women 
Mean No. 
provided 
Service 
Sterilizations 52.5 95.9 
l (n = 677) (n= 
First-trimester abortions 41.8 83.9 48.5 
(n = 706) (n = 289) (= 
Second-trimester ábortions 18.7 19.9 21.6 
(n = 706) (n= 130) (n= 
Artificial inseminations 46.2 33.7 34.3 


*Based on number of respondents who provide the service. 


% of 
Women 
who 
provide 


Pcpulation estimates 


Estimated total 
























No. of Estimated % 
Mean No. Estimated procedures of services 
provided population performed in provided by 
by women* meant population women 
41.34 50.1 186,241 17.48 
712) (n = 677) (n= 3,716) 
68.6 80.3 133,290 20.5 
711) {n = 341) (n= 1,661) 
15.5 18.9 14,007 19.6 
712) (m= 154) (n = 743) 
23.5 32.0 53,697 12.3§ 
(n = 1,678) 


tn = Estimated number of eligible members of the target population who provide the service. 


tSex difference in meaiis was significant (p < 0.05) by ¢ test. 


§The estimate differed from the reference value of 21.3% by >2 SE (sée text). 


data should be viewed as estimates subject to possible 
rounding error and recall problems. It should be noted, 
however, that respondents answered the questions on 
volume with little difficulty; fewer than 10 respondents 
per question declined to report volume data. Further- 
more, our findings regarding percentages of physicians 
providing certain services and average volume of cer- 
tain services (for instance, sterilizations) are quite sim- 
ilar to those found in a recent survey of provision of 
fertility control services by a sariiple of private office- 
based obstetrician-gynecologists.> ê Sex differences 
were not investigated in that survey. 


Results 


More than 90% of both men and women reported 
that their principal professional activity was direct pa- 
tient care, and only two respondents provided no direct 
patient care. Only one woman and two men reported 
that they were not providing any fertility-control ser- 
vices in their practices, and 23% of men and 30% of 
women reported that “all or most” of their patient en- 
counters in a typical workweek involved fertility control 
services. 

Sixteen types of fertility control services are displayed 
in Table I, with proportions of men and women who 
reported that they had “personally delivered” any of 
these services during the last year of their practices and, 
if not, that they had referred patients elsewhere for the 
services. Virtually all men and all women reported that 
they provided contraceptive counseling-referral, pre- 
scriptions for oral contraceptives, diaphragims, steril- 
izations for contraceptive purposes, and infertility 
counseling-referral. These services appear to represent 
a core of fertility control services provided by the phy- 
sicians in this sample. The services provided by the 


fewest respondents (in vitro fertilizations or implan- 
tations and ovum transplants) are still relatively new 
technologies. 

There are few substantial sex differences in Table I. 
Women were significantly more likely than men to pro- 
vide abortion counseling-referral and first-trimester 
abortions. If first- and second-trimester abortions are 
combined, 50.5% of women arid 42.9% of men pro- 
vided any abortioris, a small but statistically significant 
sex difference. (In another publication we investigated 
the reasons why women are more likely to provide abor- 
tions, and we found that the major reason is that women 
have fewer ethical reservations than men about per- 
formirig abortions under a variety of circumstances.’) 
Meri were significantly more likely than women to pro- 
vide amniocentesis, infertility testing, infertility drugs 
or treatment, and artificial insemination. The largest 
sex difference in the table occurs for amnioceritesis, 
which was provided by 70% of women and 83% of men. 
This difference is not explained by subspecialty train- 
ing or by access to a hospital that provides amniocen- 
tesis. 

In Table II, data are presented on the volume of 
selected fertility control services reported for the last 
year of practice. (Data ori volume were obtained for six 
services, but the numbers of respondents providing 
in vitro fertilizations and ovum transplants were too 
small for analysis.) As shown in the left-hand side of 
Table II, the tendency was for men to provide more 
units of each service than women; however, the sex 
difference is significant only for sterilizations (with men 
providing an average of 11.2 more sterilizations during 
the year), due to the smaller within-sex range for ster- 
ilizations. 

Comparing the sample means for men and women 
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Table III. Determinants of number of sterilizations performed by men and women (n = 1375) 


Mean or percentages 


Standardized partial 

Sex (female) . — — —O.11]} 
No. of years in practice 3.5 2.74 0.12f 
No. of hours worked per week 68.7 63.2% 0.127 
No. of patient encounters per week 150.1 129.34 0.234 
Type of practice 

Private solo 26% 23% —§ 

Obstetrics-gynecology partnership 43% 33%| — 0.01 

Multispecialty group 14% 22%ll 0.144 

Hospital staff 10% 10% 0.067 

Academic position 8% 12%|| — 0.04 
Hospital provides laparoscopy 87% 91% 0.07f 
Urban location 52% 61 Zl —0.12+ 
Region 

Northeast 16% 25 %| —§ 

North central 19% 19% 0.144 

South 43% 32%l| 0.134 

West 21% 24% 0.08 
R? — — 0.21 
Multiple R — — 0.45 
Significance — —_ F = 27.10, 

3 p < 0.001 


*The dependent variable is a square-root transformation of the number of sterilizations performed during the last year of 


practice (range 0 to 295). 
+Univariate F test significant, p < 0.05. 
#2 Test for difference of means significant, p < 0.05. 
§Omitted (reference) category. 
ly? Test for sex difference significant, p < 0.05. 


does not, however, address the question of whether 
women are contributing to the overall volume of fer- 
tility control services in proportion to their represen- 
tation in the target population of physicians. ‘To answer 
this question, we used standard formulas for estimating 
population totals from a stratified sample.* The total 
number of procedures performed by the target pop- 
ulation was estimated by extrapolating from the rates 
found in the sample and allowing for potential ineli- 
gibility among nonsampled members of the target pop- 
ulation. The number of procedures provided by 
women was then divided by the estimated total number 
of procedures to get the estimated percentage of ser- 
vices provided by women. This figure was compared, 
in turn, to the estimated overall proportion of women 
in the target population (21.3%), with the use of an 
ad hoc interval estimate. (The interval estimate was 
~ constructed by computing the sample variance of the 
total number of procedures performed by men and 
disregarding the negligible sampling error in women.) 
When the estimated proportion of services provided 
by women differed by >2 SE from the 21.3% that 
women represent of the target population, the differ- 
ence was considered significant. 

As demonstrated in the right-hand side of Table II, 
women provided a proportionate share of the total 
number of abortions as the result of two opposing 


trends: their higher likelihood of providing the service 
offsets their tendency to provide a somewhat lower vol- 
ume of abortions. However, women provided less than 
their proportionate share of sterilizations and artificial 
inseminations. In the case of artificial insemination (the 
largest discrepancy), this is because women are less 
likely both to provide the service and to perform a 
higher volume; in the case of sterilizations, women and 
men are equally likely to provide the service, but women 


-perform fewer procedures. [For comparison purposes, 


we also found that, whereas 98% of men and 97% of 
women delivered babies during the last year of practice, 
women contributed less than their proportionate share 
of deliveries (17.2% of all deliveries) and provided an 
average of 35 fewer deliveries than men during the 
year. | 
One possible explanation for women’s lower volume 
of service provision was the fact that, at the time of our 
survey, the women had been in practice an average of 
nearly | year less than the men, because the women 
were concentrated in the more recent medical school 
graduation classes. To see whether less time in practice 
accounted for women’s lower volume of service pro- 
vision, we examined the volume of the specific services 
by number of years in practice. We found that the only 
fertility control service for which volume and years in 
practice were linearly associated was sterilizations and 
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that this association held for men but not for women. 
Women’s volume of sterilizations maintained a fairly 
stable pattern and was uniformly lower than that of 
men, regardless of time in practice. (For comparison 
purposes, we found that both men and women in- 
creased their volume of deliveries with more years in 
practice, but women provided fewer deliveries than 
men at each level of practice experience.) 

Since sterilization is now the leadirig form of contra- 
ception in the United States’ and obstetrician-gynecol- 
ogists are major providers of female sterilization ser- 
vices, the finding that female physicians provide a 
slightly smaller than expected proportion of steriliza- 
tions was investigated further. In a multiple regression 
analysis, we explored whether a number of practice- 
related variables on which men and women were known 
to differ might account for the observed sex difference 
in volume of sterilizations provided (Table IID. The 
standardized partial regression coefficients may be in- 
terpreted as the effect of the given variable, after all 
other variables have been taken into account; and as 
an indication of the relative strength of this variable as 
a predictor. When.the number of sterilizations per- 
formed was regressed on physician’s gender alone, the 
standardized partial regression coefficient was — 0.20 
(p < 0.05), whereas the coefficient for sex when the 
covariables were included (Table III) was reduced to 
—0.11 (p < 0.05). 

The strongest predictor of sterilization volume was 
the physician’ s number of patient encounters per week: 
physicians treating more patierits per week provided 
more sterilizations during the last year. This may be 
contrasted with the findings in our previous analysis of 
abortion performance; in that analysis, neither number 
of encounters nor number of hours worked by the phy- 
sician predicted abortion volume.’ 

Other predictors of sterilization volume that were 
stronger than gender are practicing primarily in a mul- 
tispecialty group (in this study, both mén and women 
who practiced primarily in multispecialty groups pro- 
vided larger numbers of sterilizations than those in 
other practice types); practicing in the north central or 
southern states (both men and women practicing in the 
northéast and west provided fewer sterilizations than 
those practicing in other regions); being in practice 
longer; working more hours per week; and practicing 
in a nonurban area (outside a large city or its suburb). 
With the exception of their greater likelihood of prac- 
ticing in multispecialty groups, women tend to be in 
practice situations less conducive to high-volume ster- 
Hization services. | Ea 

Attitudes relevant to provision of sterilization services 
were also measured in the survey. While women were 
significantly more likely then men to be supportive of 
greater patient decision power in the matter of steril- 
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ization, attitudes were not found to be associated with 
number of sterilizations performed. Attitudes there- 
fore could not account for the residual sex difference 
in stérilization volume. 


Comment | 

The number of sex differences in delivery of fertility 
control services is far outnumbered by the number of 
similarities in the practices of men and women in this 
study, and the magnitude of observed sex differences 
is not large. However, if thé patterns established by 
these younger physicians hold, the iricreasing propor- 
tion of women in obstetrics-gynecology could have 
some influence on delivery of a few specific services. 
For instance, since women were more likely than men 
to provide abortions, the supply of physicians providing 
abortions would be expected to increase as the pro- 
portion of women in practice increases. On the other 
hand, the increasing proportion of women would re- 
duce the supply of providers of amniocentesis and ar- 
tificial insemination. Finally, women could contribute 
to a slight decline in the overall volume of sterilizations. 
Whether this would result in unmet consumér demand 
for sterilizations carinot be answered in this study. 

The findings with regard to sterilizations are consis- 
tent with previous studies showing that female physi- 
cians in general tend to work fewer hours, per week 
and have fewer patient encounters than théir male col- 
leagues.'*"? However, the magnitude of the observed 
sex difference in volume is not large, and this could 
reflect the. fact that the. gap between the productivity 
levels of men and women physicians in general has 
narrowed," “In addition, a previous paper reported 
that sex differences in total practice hours and in num- 
ber of patient encounters per week were confined to 
the subgroup of the sample who were married and had 
children; thus, to the extent that lower volume of some 
services is a function of overall practice volume, the 
lower volume of services provided by women could be 
a function of the childbearing stage of the life cycle 
and might disappear as women age.* 

Alternatively, the lower volume for women of some 
procedures could be due to a tendency by other phy- 
sicians to discriminate against female physicians when 
referring patients for such procedures or by patients 
to discriminate against female physicians when seeking 
a provider to perform a surgical procédure such as a 
sterilization. Since there is evidence that women’s pref- 
erence for a female obstetrician- gynecologist i increases 
with experience with a female physician,” effects of 
discrimination would be expected to diminish as more 
patients are served by female physicians. 

A limitation of the survey approach is that it focuses 
on self-reported practice behaviors of physicians, and 
no data are available on the nature of physician-patient 





a interactions, quality of care provided, or patient satis- 

© o faction with care received. Therefore it cannot be dis- 

- ` cerned from these data whether the increasing pro- 

< portion of women will affect these other aspects of de- 
livery of fertility control services. 
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Bao-Liang Lin, M.D., Yoshiyuki Iwata, M.D., Naohiko Miyamoto, M.D., and 


Shigeru Hayashi, M.D. 
Kawasahi, Japan 


-... The “three-contrasts method” of ultrasonography is designed to monitor transcervical operations for 
or submucous uterine myomas and uterine septa when a pediatric urologic resectoscope is used. This 
“monitoring method has proved more effective than concomitant laparoscopy. The pediatric resectoscope 
-can also be used efficiently for diagnostic and therapeutic purposes without dilating the cervical canal. (AM 








ve : J OasteT GynecoL 1987;156:469-72.) 


Key words: Hysteroscopy, ultrasound, ultrasonography 


It has previously been reported that transcervical re- 
section of submucous uterine myomas and uterine 
septa can be performed by use of a resectoscope or an 
operating hysteroscope. To prevent uterine perfora- 
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Three-contrasts method: An ultrasound technique for 
- monitoring transcervical operations 











tion, these operations have always been monitored by __ 
concomitant laparoscopy. When laparoscopy is being — l 
used, it is difficult to take precautions against perfo- > 
ration of the posterior uterine wall. In this paper we 
report the results of a new “three-contrasts method” of 
ultrasonography to monitor the transcervical resection 
of submucous uterine myomas and uterine. septa 
three contrasts are derived from ultrasonogré 
amination of (1) a full urinary bladder, (2 

cul-de- -sac, and dG) fluid in the. > uterine 2 
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Fig. 1. Longitudinal section of the uterus after urinary bladder 
and cul-de-sac were filled with fluid in a case of uterine sep- 
tum. The movement of the cutting loop can be seen clearly 
on ultrasound. B = Urinary bladder; C = cul-de-sac; R = 
resectoscope. 


cerned, and injury to the uterine wall, resulting from 
overcutting of the scope, is prevented. 


Material and methods 


With the use of hysteroscopy six patients with com- 
plaints of menorrhagia and metrorrhagia were diag- 
nosed as having submucous uterine myoma. Five were 
pedunculate in type and one was sessile. Menorrhagia 
was so severe in these patients that they all needed to 
use more than eight pads or tampons per day. He- 
moglobin counts before iron therapy ranged from 4.7 


to 10.6 gm/dl. Two other patients who complained of 


sterility were diagnosed (by means of hysterosalpin- 
gogram, hysteroscopy, and laparoscopy) as having uter- 
ine septa. All eight of these patients underwent trans- 
cervical operation with the use of a pediatric uro- 
logic resectoscope and ultrasound monitoring. Patients 
chosen for transcervical removal of submucous uterine 
myomas were selected according to the following cri- 
teria: (1) severe menorrhagia and/or intractable me- 
trorrhagia, (2) uterus smaller than 9 weeks’ gestational 
size, (3) submucous uterine myoma <30 mm in di- 


Fig. 2. Longitudinal section showing the resectoscope in the 
distended uterine cavity and the submucous myoma in front 
of the up of the scope. B = Urinary bladder: C = cul-de-sac; 
R = resectoscope; SM = submucous myoma. 


ameter, (4) no existence or suspicion of malignancy or 
premalignancy of the uterus. Diagnostic hysteroscopy 
was performed at our clinic with the use of a hystero- 
scope with an external sheath 4 mm in diameter (Olym- 
pus Opucal Co.) without anesthesia or cervical dilation. 
After the diagnosis, all the patients underwent opera- 
tive evaluation consisting of electrocardiogram, chest 
x-ray hlm, and evaluation of liver and renal function. 
The patient was admitted for transcervical operation 
when the menstrual period was over. 

The night before operation, a balloon catheter was 
inserted in the cervical canal; the catheter was removed 
the next morning to facilitate insertion of the resec- 
toscope. A completely cleansing enema was given be- 
fore operation. All transcervical resection procedures 
were performed with the patient under general anes- 
thesia, An intravenous indwelling catheter was inserted 
through the umbilicus into the abdominal cavity. This 
was connected, through an intravenous infusion set, to 
a 500 ml bottle of lactated Ringer’s solution. Intra-ab- 
dominal infusion was then started. The patient was 
placed in Fowler’s position to allow the infused fluid to 
accumulate in the cul-de-sac. At the same time about 
200 mi of normal saline solution was introduced into 
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— “the urinary bladder through a balloon catheter. The 


-catheter was retained throughout the operation in or- 


= der to adjust the amount of fluid in the urinary bladder. 


| ~ An assistant then placed the transducer of a sonograph 


{SAL-35A, Toshiba Medical Systems Co.) in a longi- 


tudinal position in order to obtain a clear outline of the 
uterus, which was derived by checking the amounts of 
infused fluid in the cul-de-sac and urinary bladder. 

A pediatric urologic resectoscope with an external 
sheath 4.5 mm in diameter (Olympus Optical Co.) was 
inserted into the uterine cavity through the cervical 
canal to reevaluate the status of submucous uterine 
myoma and uterine septum. Simultaneously, by moving 


the resectoscope in the distended uterine wall, the an- 
< „atomic correlation of the uterine wall, submucous uter- 


ine myoma, uterine septum, and loop of the resecto- 
scope was confirmed by means of ultrasonography 
(Figs. 1 and 2). The loop of the resectoscope, guided 
by the ultrasound, is set in the correct position for the 
cutting and coagulation process. 

Cutting procedures were performed as follows: The 
loop of the resectoscope was placed on the farther side 
of the target and was drawn toward the objective lens 
of the scope. We tried to avoid shaving off a large mass 
_ -while moving the cutting loop. The coagulation current 
= was applied whenever hemostasis was required. When 
the cutting process was completed and the cutting site 
reached the normal uterine wall, the position of the 


<o> resectoscope was carefully checked with ultrasound. 


High-frequency currents for cutting and coagulation 
should be turned to the lowest possible setting of dia- 
thermy in order to avoid unnecessary burn injuries. At 
the end of operation, the cul-de-sac was punctured, 
with ultrasound guidance, to remove the intra-abdom- 
inal fluid. The urinary bladder was subsequently emp- 
_ tied. The irrigating fluid used in the operation was a 
solution of either 10% pentose or 10% dextrose in wa- 
ter. Serum electrolytes were checked routinely before 
and after the operation. About 3 months after opera- 
tion, hysteroscopy was performed in each patient to 
confirm the regeneration of the mucosa over the re- 
sected area. 


Results 


Resection of submucous uterine myoma of six pa- 
tients, and resection of uterine septum of two pa- 
tients, were performed according to the three-contrasts 
method described above. Each resection was done 
within an hour. There were no traumatic complications. 
_No patient required laparotomy during or after op- 


eration. Blood transfusions were not required in any 
. case. Postoperative serum electrolytes revealed no sig- 


nificant change in any patient. All patients were dis- 
charged within 3 days. 
Clinical follow-up on the six patients with submucous 





Transcervical operations monitored by ultrasonograpt 


Table I. Number of pads or tampons used per 
day during menstruation in patients with 
submucous myoma 


No. of pads or tampons per day 





13 
16 
20 
1] 
21 
16 


6 
2 
4 
l 
8 
6 
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uterine myoma showed improvement of metrorrhagia 


and menorrhagia by measuring the number of pads or 
tampons used during menstruation and by examining 
the passage of blood clots (Table I). Postoperative hys- 
teroscopic examinations revealed no intrauterine adhe- 
sion and that regeneration of endometrium at the op- 


eration site was normal. The results of resection of —— 


uterine septum on the other two patients are still being 
determined by follow-up studies. 


Comment 

Submucous uterine myoma, regardless of size, is one 
of the most annoying problems in clinical gynecology. 
It occasionally causes menorrhagia and metrorrhagia. 
Uterine septum is a cause of habitual abortion. Trans- 
cervical removal of nonmalignant intrauterine neo- 
plasms and uterine septa has been reported else- 
where,” but operation performed by resectoscope or 
operating hysteroscope often carries a risk of accidental 7 


trauma, such as perforation of the uterine wall. To os 
avoid such trauma during transcervical operations, — | 


concomitant laparoscopy has been used.'* Even with be 
concomitant laparoscopy, however, traumatic injury to — 
the posterior uterine wall can be overlooked. Real-time 


ultrasound has also been used during gynecologic op- E 


erations.* In nonpregnant patients with submucous 
uterine myomas, it is difficult to use ultrasound to as- 
certain the size of a fibroid when only the full bladder 
is used for contrast. It is also difficult to distinguish the 
posterior uterine wall from the surrounding structures. 
The three-contrasts method of ultrasonography may 
be used to overcome these problems. 

Adding fluid in the cul-de-sac with a percutaneous 
intraperitoneal infusion provides a clear contrast to the 


posterior uterine wall and also mobilizes the intestine _ : 
away from the uterus. Thus accidental injury to the 
uterus can be avoided. To obtain a clear picture. when 
ultrasonography is used, the amount of fluid in the p 


urinary bladder and the pressure of the transducer on — 
the abdominal wall should be adjusted. Too much blad- | 
der volume or excessive pressure of the transducer 








against the abdominal wall will reduce the amount of 
-fluid in the cul-de-sac and diminish the discernible 
cofitrast. 
‘ =C ooperation between the operating surgeon and the 
l eiGasound operator is essential. The ultrasound op- 
_.. erator should constantly inform the operating surgeon 
of the position of the resectoscope in order to avoid 
any accidental injury to the uterine wall. Both preop- 
erative and postoperative ultrasonograms or hystero- 
_salpingograms should be obtained to assure complete 
resection of myomas. 

The advantage of using the pediatric resectoscope is 
that accurate observations of the intrauterine condition 
can be made without a need for cervical dilation. This 
procedure is difficult to perform with an adult-type 
resectoscope. Dilation of the cervical canal may cause 
uterine bleeding and blood clotting; it can also cause 
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subsequent uterine contraction, which will interrupt 
operation. The three-contrasts method of ultrasonog- 
raphy makes it possible to monitor the posterior uterine 
wall, the submucous myoma, and the scope and thus 
enhances the safety of transcervical operations. 
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Prenatal ultrasonic diagnosis of multiple bowel atresias 


~ M. Amanda Skoll, M.D., Gerald P. Marquette, M.D., and Emily F. Hamilton, M.D. 


sii -This case illustrates the course of an obstructive process through spontaneous perforation resulting in 


o decompression of dilated bowel loops. The resulting meconium peritonitis appeared as fetal ascites. 





2 Postnatal investigations and laparotomy confirmed the diagnosis of a rare form of multiple congenital 
atresias of the bowel. (Am J OssteT Gyneco 1987;156:472-3.) 


Key words: Prenatal diagnosis, bowel atresia, ascites, ultrasound 


In this report, we describe a case of multiple atresias 
involving segments of the fetal gastrointestinal tract 
from stomach to rectum, with spontaneous perforation 
and subsequent meconium peritonitis. 





















Case report 

Mrs. P. S., a 19- -year-old primigravid woman, under- 
7 went ultrasound examination at 2] weeks’ gestation 
.. that revealed multiple large fluid-filled loops of dilated 
o bowel occupying the upper anterior region of the fetal 
ae abdominal cavity (Fig. 1). The amniotic fluid volume 
> was normal and no other structural abnormalities were 
se found. 
oo Follow-up scanning from 25 to 28 weeks’ gestation 
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Fig. 1. Sonogram at 21 weeks’ gestation, Dilated fear : yowel : a : i 
(arrowhead) in the upper part of the abdomen. Ge on ene 










showed a reduction in the bowel distention and the 
_ appearance of fetal ascites (Fig. 2). However, from 28 
= to 33 weeks, an increase in dilatation became apparent 
and was accompanied by gradual disappearance of the 
oo “ascites. Concurrent with resolution of the ascitic fluid, 
a calcified collection became evident in the right lower 
quadrant and remained constant. 

At 355% weeks’ gestation, the patient was delivered 
spontaneously of a 2400 gm male infant. The baby had 
significant abdominal distention. Subsequent laparot- 
omy revealed numerous sites of atresia throughout the 
bowel. Beginning in the stomach, multiple septa di- 

___ vided the intestine into segments of 2 to 3 cm, and the 
< calcified deposits that had been previously noted on 
ltrasound were entirely within the lumen. 


Comment 

| : The presence of multiple distended loops of bowel 
‘is compatible with a distal obstructive process. Fetal 
ascites in combination with other signs of bowel ob- 
struction suggests the occurrence of spontaneous per- 
foration with subsequent meconium peritonitis.’ Most 
commonly, meconium peritonitis results from obstruc- 
tion secondary to meconium ileus or low atresia. In- 

_traperitoneal calcifications have been described as a 

: epee ori meconium GR due to the pret pita: 










: ne our case, the initial picture was compatible with 

proximal intestinal obstruction. However, the subse- 

quent appearance of ascites seemed to represent me- 
conium peritonitis, more in keeping with low obstruc- 
tion. Findings at laparotomy explained the ultrasound 
results by confirming both upper and lower bowel atre- 
sias. This rare condition’ is associated with pasty cal- 
cification within the bowel lumen. 
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tahoe 


Fig. 2. Sonogram at 25 weeks’ gestation. Decreaséed dilata T 
of bowel loops with presence of ascites (arrowhead). Same 
as Fig. 1. 


This is the first known reported case of multiple atre- 
sias of this type described on ultrasonography. H dem: 
onstrates that intra-abdominal calcifications may not 
always represent intraperitoneal deposits. It also pro- — 
vides an example of the features of simultaneous upper. 
and lower intestinal obstruction. 
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__ Key words: Naloxone, fetal heart rate, fetal behavior 


-Within the past few years several authors have shown 
the existence of ultradian and circadian rhythms of 
_ various fetal biophysical activities such as gross fetal 

body movements, fetal breathing movements, fetal eye 
movements, and fetal heart rate patterns.'* The asso- 
ciation of these activities and the increased understand- 
ing of fetal physiology have permitted the detection 
near term of behavioral states similar to those in the 
newborn infant.’ 
There is no account, however, of the mechanism reg- 
ulating the alternation of these states. Recently it was 
suggested that the fluctuations of endorphin levels 
could be involved in the regulation of sleep states in 
adults.’ 

We investigated the effects of naloxone on echo- 
graphic and cardiotocographic parameters to deter- 
mine whether fetal endorphin levels are related to fetal 
behavior. 


_ Material and methods 

On the basis of several reports on the absence of 
detrimental effects of naloxone on healthy fetuses,® ’ 
the ethical committee of our institution approved this 
_ investigation. After informed consent had been ob- 
¿© tained, the fetuses of 54 healthy pregnant women with 
-gestational ages between 37 and 39 weeks were studied. 
-Studies were conducted in the afternoon, 2 hours 
fter a standardized 1000 kcal lunch. Recordings were 
serformed « on patients lying in left semirecumbent po- 
‘sitio ina quiet room. They underwent simultaneous 
-> cardiotocographic and echographic examination. 
Aloka SSD 248 and Aloka SSD 210 SX real-time scan- 
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; Ef ect o ‘naloxone on fetal behavior near term 


Domenico Arduini, M.D., Giuseppe Rizzo, M.D., Sergio Dell’Acqua, M.D., 


Fetal behavior was studied after intravenous administration of either 0.4 mg of naloxone or an equal 
volume of saline solution in 54 healthy pregnant women near term. The number, duration, and amplitude 
of fetal heart rate accelerations increased after naloxone injection. The incidence of both gross fetal body 
movements and fetal breathing movements increased, especially in the first hour after naloxone 
__. administration. The distribution of fetal behavioral states was modified with a prevalence of active sleep 
de and active awake states compared to the quiet sleep state. These data suggest that endorphins could be 
-involved i in the modulation of fetal behavior. (Am J OBstet GynecoL 1987;156:474-8.) 






Naloxone or 
saline solution 


State 2F IF 


Time -6 t 120 
(min) 





Fig. 1. Experimental design. State IF = 
2F = active sleep. 


quiet sleep and 


Table I. Criteria for classification of fetal 
behavioral states® 











Fetal heart 
rate 
pattern 






‘etal eye 
movement | 


Fetal body 
movement 






Behavioral state 






Quiet sleep (1 F) A Absent Absentt 
Active sleep (2 F) B Present Periodic 
Quiet awake (3 F) C Present Absent 
Active awake (4 F) D Present Continuous 





*For definitions of patterns see text. 
tAbsent or incidental. 


ners with 3.5 MHz multifocused linear transducers 
were used for examination of fetal head and trunk, 
respectively. Permanent records of all the images 
were made for later analysis on beta format videocas- 
settes with use of Sony video recorders (Models SL HE 
100 EC). 

With use of a technique previously reported,® 1 w 
parameters were evaluated: gross fetal body. move- 
ments, fetal eye movements, and fetal breathing move- 
ments. These movements were eskapi da as sified pres- 






















Group A 
(naloxone) 





E Age (yr) 


26.3 t 3.1 21.9 = 
Parity (no) 16+ 14 FE 
Gestational age (wk) 38.1 + 0.7 ey os ae 
Birth weight (gm) 3525 + 419 3434 + 
Apgar score, } min >7 >7 
Apgar score, 5 min >R >R 





_of unpaired ¢ test with variance assumed to be equal. 











receding the intravenous injection 


Group B 
fcontrol) 


Fetal behavior after naloxone administra 






27 NS 20 NS 
12 : : NS 0.5 NS 
0.9 0.6 NS 13 NS 
516 0.6 NS 0.7 NS 





saa 


pi 


*No differences were found T the variances as demonstrated by the F test. Significance was therefore evaluated by means 


‘able ITI. Characteristics of cardiotocographic and echographic parameters during the 30 minutes 


t lest” 


F tesi” 
Group A Group B S arae 
Accelerations (no) i4.8 + 3.9 15.2 + 4.1 0.9 NS 0.3 NS 
Amplitude (bpm) 20.4 + 4.4 20.8 + 4.3 1.0 NS 0.3 NS. 
Duration (sec) 44.7 + 7.6 42.5 + 7.8 0.9 NS 1.0 NS 
Fetal body movement (n) 13.3 + 3.8 13.9 = 4.0 0.9 NS 0.5 NS 
Time spent breathing (%) 20.8 + 113 19.8 + 9.7 13 NS 0.3 NS 





*No differences were found between the variances as demonstrated by the F test. Significance was therefore evaluated by means 


< of unpaired ¢ test with variance assumed to be equal. 








le IV. Characteristics of fetal heart rate accelerations 





6.4 


6. 


Group A Group B 
(naloxone) (control) 
Accelerations 
Ist hr 47.1 + 8.6 30.6 + 
2nd hr 36.4 + 7.1 314 + 
Amplitude (bpm) 
Ist hr 29.4 + 5.3 21.6 + 
2nd hr 94.3 + 4.9 20.9 + 
Duration (sec) 
Ist hr 56.8 + 10.1 42.1 + 
2nd hr 49.4 + 8.7 43.1 + 


+ + 


Po 


6 


PD mew 


Go oo 


1.8 NS 7.9 0.001 

L NS 2.6 002° 
1.6 NS 6.0 0.001 
13 NS 2.7 0.01 

1.6 NS 5.9 0.001 

1.0 iS 2.7 0.01 





*No differences were found between the variances as demonstrated by the F test. Significance was therefore evaluated by means - 


of unpaired ¢ test with variance assumed to be equal. 


bpm for 15 seconds. Maximum amplitude and duration 
of acceleration were also measured. 

According to Nijhuis et al.,* by means of a 3-minute 
moving window, four different patterns of fetal heart 
rate could be recognized: (A) heart rate stable with a 
variability of <10 bpm and isolated accelerations strictly 
related to movements; (B) heart rate with a variability 
->10 bpm and presence of numerous accelerations; (C) 
5, heart rate stable with a variability of >10 bpm and 
absence of accelerations; (D) heart rate unstable with 
-large and long-lasting accelerations. 

: The association between fetal heart rate pattern, fetal 
~ body movement, and. fetal eye movement makes it pos- 

- sible to detect four. different. behavioral states (quiet 
sleep, active sleep, Auer awake, and active awake) as 








reported in Table I. The simultaneous agreement of 
these three parameters was considered necessary for 
classification into orie of these four states. In the ab- 
sence of this condition epochs were classified as periods 
of no coincidence. | 

Fetal breathing movements were analyzed indepen- 
dently in consecutive 1-minute periods. The proportion | 
of each consecutive I-minute period during which fetal 
breathing movements were present was analyzed to — 
evaluate its respective incidence (% time spent breath: 
ing). Moreover, the. number of fetal. body movements 7 
during the recordings was analyzed. Phe 

When two consecutive 3-minute quiet sleep epochs D 
immediately pr eceded by the state of active sleep were. ‘ 
identified, a person other than the investigaors. intra- 

















Group A 
(naloxone) 


l Fetal body movement (n) 






Group B 
(control) 







ist hr 46.9 + 7.8 29.7 + 6.8 1.3 NS 8.6 0.001 

2nd hr 35.8 + 6.9 30.3 + 6.7 1.0 NS Pais, 0.01 
Time spent breathing (%) 

Ist hr 64.8 + 10.9 19.6 + 9.6 1.2 NS 16.1 0.001 

2nd hr 48.9 + 12.3 23.2 £ 11.1 1.2 


NS 8.0 0.001 












of unpaired ¢ test with variance assumed to be equal. 


Group A 113 11.4 = 70.8 
Group B 246 24.5 647 64.4 


*NOd differences were found between the variances as demonstrated by the F test. Significance was therefore evaluated by means 


Table VI. Distribution of fetal behavioral states (3-minute eiea after intravenous injection 


No coimmneculence 
% 
2.8 85 


T 25 49 4.1 45 45 


Active awake 















he 71.2; p < 0.001. 





Lag-time 


9.6 + 2.3* 15 
16.4 + 7.2* ae 


Group B 


Active sleep 


~ Table VII. Time interval and distribution of the changes of state after intravenous injection 


Quiet awake Active awake 




























x = 13.9; p < 0.001. 


venously administered either 0.4 mg of naloxone hy- 
drochloride (Narcan, Crinos, Como Villaguardia, Italy) 
or an equal volume of saline solution (0.9% sodium 
chloride). Observers involved in this investigation were 
not informed of the solution injected. The choice to 
_. administer either naloxone or placebo was randomized. 
- Thus two groups were arranged: group A received 
naloxone (n = 27) and group B received a placebo 
~ (n = 27). Recordings were then continued for a fur- 
~ ther 2 hours. The experimental design is reported in 
o Fig. 1. 

_. Differences in fetal behavior between the two groups 
of " patients: were analyzed. All data are expressed as 
= mean values + standard deviations. Statistical analysis 
was performed by means of the x’ test and unpaired t 
test. Equality of variance was always determined by 
| "means of the F test. 


‘Results ha 
The overall characteristics of the two groups of pa- 


S between the two groups. : Normal fetal outcomes con- 
àg the goat health ¢ of the > fetuses studied. 





tients are given. in Table IL No differences were found. 


*F test (F = 9.8; p < 0.001). Unpaired ¢ test with variance assumed to be unequal (t = 4.7; p < 0.001). 


The intervals between the beginning of recording 
and naloxone or placebo administration were similar 
in the two groups (group A, 46.9 + 12.3 minutes; 
group B, 49.3 + 14.2 minutes). No differences were 
found in the echographic and cardiotocographic pa- 
rameters preceding the intravenous infusion as shown. 
in Table III. 

The characteristics of fetal heart rate accelerations 
are shown in Table IV. 

An increase in the number of accelerations in group 
1 was especially evident in the first hour after treatment. 
Similar trends were found for the amplitude and du- 
ration of accelerations. 

Table V gives the number of fetal body movements _ 
and the percent of time spent breathing. Both. fetal = 
body movements and fetal breathing movements in- ~ 
creased after naloxone administration, especially. dur- 
ing the first hour. The number | of fetal body. move- 
ments (Fig. 2) and the percent of time. spent breathing 7 
(Fig. 3) are plotted as grouped means and standard > 
deviations for each 10-mini e interval r 
nous injection: = x 

The percent oft time in 
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< Fig. 2. The incidence of fetal body movements after endo- 
nous injection of either naloxone (group A) or saline so- 
l ition (group B). 


-Tens and trunk was obtained simultaneously with a re- 
‘liable recording of fetal heart rate was similar in the 

two groups (group A, 91.9%; group B, 93.2%). 

_ The distribution of fetal behavioral states is given in 
Table VI. We found an increase in the incidence of 
active sleep and active awake states and a decrease of 

the quiet sleep state in group 1 in comparison to the 
© control group. No differences were found for the quiet 
awake state. 
- < The lag-time between the intravenous injection and 
the change of state was measured. In group A, the quiet 
| sleep state changed after 9.6 + 2.3 minutes, while in 
group B (control) it changed after 16.4 + 7.2 minutes. 
The F test demonstrated the difference between the 
variances of the lag-time (p < 0.001), An unpaired ¢ 
test with variances assumed to be unequal was per- 
formed; the difference between the two groups is sta- 
tistically significant (p < 0.001). 
2 As shown in Table VII, in group A the quiet sleep 
es. state was followed in 15 cases (55.5%) by the active sleep 
` state and in 12 (44.5%) by the active awake state. In 
group B the quiet sleep state was followed by the active 
„sleep state in 23 cases (85. 1%), quiet awake in three 
| cases (11.1%), and active awake in one case (3.8%). 
This distribution is statistically significant (X7; p< 
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Fig. 3. Percent of time spent breathing after endovenous j 


injection of either naloxone (group A) or saline solution- 


(group B). 


Comment 

There are few data òn the effects of naloxone on 
fetal behavior. Goodlin® showed that flat fetal heart rate ` 
returned to a normal variability 20 minutes after in- — 
tramuscular naloxone injection. Umans and Szeto? 3 
demonstrated in narcotic addict fetal lambs an in- _ 
creased number of fetal body movements, fetal eye a 
movements, and fetal breathing movements after nal- 
oxone administration. Adamson et al.” found that the 
administration of naloxone increased the incidence of a 
fetal breathing movements in the fetal lamb. : 

Until now, however, no data were available on the- 
effects of naloxone on the behavior of the healthy hu- 
man fetus. Our results show an increase in the number E 
of fetal heart rate accelerations, fetal body movements, 
and fetal breathing movements, within 10 minutes of 
intravenous naloxone administration. Moreover, we ue 
found a modification in the distribution of fetal be- 
havioral states with a prevalence of the active sleep ji E 
active awake states. 4 

The mechanism regulating fetal behavior is still un- 
known. Nathanielsz et al." found a relationship. be- č 
tween the alternation of fetal behavior and uterine con- o l 
tractures in the pregnant sheep: ‘The medl nisms i in- a 
volved may include: small- falls in the level of fetal i. 
oxygenation or compression of the fetal body. Hofmeyr 

















< etal, however, recently demonstrated that the uterine 
3 contractions are rarely found in association with the 
-> rhythms of fetal behavior. 

- Terao et al." found a biphasic pattern of heart rate 
in anencephalic fetuses with traces of cerebral cortex 
and riormal or hypoplastic midbrain. Moreover, the 
aplasia of midbrain is characterized by the loss of bi- 
phasic pattern and the reduction in the number of ac- 
celerations. Thus the occurrence of accelerations and 
ultradian rhythms of fetal heart rate seems to be related 
to the presence of midbrain. 

We have previously suggested that maternal plasma 
cortisol could be involved in the regulation of fetal be- 
havior through the modulation of fetal pituitary 
gland." Preliminary findings" support this hypothesis: 
the inhibition of the fetal pituitary-adrenal axis, after 
triamcinolone administration, causes modifications of 
fetal behavior similar to those found in this investi- 
gation, 


The mechanism of action could be the same. The 


pituitary gland secretes adrenocorticotropic hormone 


: -and B-endorphin concomitantly, since both are derived 


D from a common precursor, namely, pro-opiomelano- 


cortin.'® Therefore triamcinolone suppresses the secre- 
tion of both adrenocorticotropic hormone and B-en- 


2 dorphin, whereas naloxone antagonizes the action of 
_ Brendorphin. 


Further studies are required for a complete under- 


standing of the mechanisms regulating fetal behavior, 


but these data suggest that endorphins could be in- 
volved in the modulation of fetal behavior. 
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Immunocytochemistry of human chorionic gonadotropin in 


human chorionic villi 
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The immunocytochemical localization of human chorionic gonadotropin was investigated in chorionic villi 
from the seventh to twelfth week of gestation. By the light microscopic peroxidase-antiperoxidase 
...teenhique, positive reactions of human chorionic gonadotropin were found exclusively in the 
— -syncytiotrophoblast. immunoelectron microscopy by means of the protein A-goid technique reveals 





~ localization of the immunoreactive gold particles in two kinds of membrane-bound granular inclusions in 

F this cell; one type is granules of 200 to 300 nm in diameter with moderate electron density and the other is 
oe large electron-dense bodies of 500 to 1000 nm. The former seems to be Golgi-derived secretory granules 

| that play a role in the release of human chorionic gonadotropin from the syncytiotrophoblast. Although the 


k origin of the latter is still uncertain, a certain amount of this hormone might be stored or treated by 
- lysosomal digestion in the large bodies during these stages. (Am J Oastet GYNECOL 1987;1 56:479-83.) 


Key words: Human chorionic villi, syncytiotrophoblast, human chorionic gonadotropin, 


immunoelectron microscopy 


| The localization of human chorionic gonadotropin 
2 in human placentas has been studied by several inves- 
tigators. An earlier worker! considered cytotrophoblast 
Langhans’ cell) as a human chorionic gonadotropin— 
producing cell on the basis of the correlation between 
the hormonal assay and the cell number.' With the light 
microscopic immunofluorescence and immunoperoxi- 

dase techniques together with the specific antisera 

against human chorionic gonadotropin, localization of 
this hormone has been demonstrated in the syncytio- 
trophoblast’ and in both the trophoblastic layers.’ Fur- 
_ thermore, recent light microscopic tmmunofluores- 
cence studies reported that the B-subunit of human 
chorionic gonadotropin was located in the syncytiotro- 
A phoblast but human chorionic gonadotropin and its 
a-subunit were in both the layers.** 

For the demonstration of human chorionic gonad- 
otropin at electron microscopic levels, the peroxi- 
dase-labeled antibody technique has been used previ- 
ously.™” However, these reports have been controversial 
as to the precise localization of this hormone in the 
trophoblastic cells. We demonstrate in this paper the 
ultrastructural localization of human chorionic gonad- 
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otropin in human placental chorionic villi by the ap- 
plication of the protein A—gold technique." 


Material and methods 

Human placentas of 7, 9, and 12 weeks of gestation 
obtained from natural and elective abortions were used 
for the present study. For light microscopic observa- 
tions, specimens were fixed in Bouin’s solution for 24 
hours at room temperature and routinely embedded 
in paraffin. Specimens for electron microscopy were 
fixed in Zamboni solution“ for 18 hours at 4° C. After 


washing in 0.1 mol/L phosphate buffer containing 10% E 


sucrose, most of them were postfixed with 1% osmium | 
tetroxide in 0.1 mol/L phosphate buffer for 1 hour at 
4° C. All specimens were dehydrated in graded con- 
centrations of acetone and embedded in epoxy resin. 
The unlabeled antibody peroxidase- -antiperoxidase 
technique was used for the light microscopic immu- 
nocytochemistry. The working dilution of the antise- 
rum against human chorionic gonadotropin (Dako 
Immunoglobulins) ranged from 1:500 to 1: 2000. For 
the immunoelectron microscopy, the protein A—gold 
technique was used with some slight modifications.” ™ 
The etching treatment with saturated sodium metape- 
riodate was done for 1 hour only in osmium- postfixed 


specimens to restore the hormonal antigenicity. Ultra- As 
thin sections mounted on uncoated 150-mesh nickel 


grids were placed on 1% egg albumin in -phospha 
buffered saline for 15 minutes and then incubat 
specific rabbit antisera against human 
nadotropin {Dako Immunoglobulins; JCE 

ucts) for 2 hours. These two antisera did not show ; any x a 
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Fig. 1. Serial 4 um sections of the chorionic villi at 7 weeks of gestation stained with Masson’s 
trichrome (A) and with the peroxidase-antiperoxidase technique and anu—human chorionic gonad- 
otropin serum (B). Immunoreaction of human chorionic gonadotropin is localized only in the syn- 
cytiotrophoblast (ST). CT, Cytotrophoblast. (x 1300.) 


difference in labeling intensity and specificity. The 
working dilution of the antisera ranged from 1:500 to 
1:2000. After washing in phosphate-buffered saline 
for 15 minutes, the grids were placed on the protein 
A~gold solution diluted 1:10 in phosphate-buffered 
saline for 1 hour, stained with both uranyl acetate and 
lead nitrate, and examined with a JEM 100 CX electron 
microscope. The specificity of the immunolabeling was 
confirmed by the following controls: (1) replacement 
of the anti~human chorionic gonadotropin for normal 
rabbit serum or antisera against human prolactin, hu- 
man growth hormone, and human adrenocorticotropic 
hormone (Dako Immunoglobulins) and (2) absorption 
of the anti-human chorionic gonadotropin with human 
chorionic gonadotropin (UCB Bioproducts). 


Results 


Fig. 1, A, shows human placental chorionic villi at 
7 weeks of gestation stained with Masson's trichrome. 
In the adjacent 4 pm section incubated with anti— 
human chorionic gonadotropin at a concentration of 
1: 1000 and stained with the peroxidase-antiperoxidase 


technique, positive reactions of human chorionic go- 
nadotropin were found exclusively in the syncytiotro- 
phoblast (Fig. 1, B). Few nonspecific reactions were 
observed if normal rabbit serum or the other antisera 
(anti-human prolactin and anti-human growth hor- 
mone) were replaced for the specific antiserum. 

In electron microscopy of the Zamboni-osmium— 
fixed sections at 7 weeks of gestation, the syncytiotro- 
phoblast develops the Golgi apparatus and contains 
abundant membrane-bound inclusions of varying size 
and electron density, granules of 200 to 300 nm in 
diameter with moderate electron density (MG), large 
bodies of 500 to 1000 nm (LB), and large vacuoles of 
500 to 1000 nm with various contents (LV) as shown in 
Fig. 2, A and B. Our electron micrographs show that 
the granules (MG) are derived from the Golgi appa- 
ratus (GA, Fig. 2, A) and aggregate to the apie cell 
surface (Fig. 2, B). 

In the specimens labeled with the protein A=gold 
technique, the gold particles of 10 to 20 nm in diameter 
are preferentially concentrated on the. Golgi-derived 
granules and large bodies (Fig. 3, A and B The spec- 
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Fig. 2. Electron micrograph of the syncytiotrophoblast at 7 weeks of gestation showing three kinds 
of membrane-bound inclusions: granules of 200 to 300 nm with moderate electron density (MG), 
large electron-dense bodies (LB), and vacuoles (LV). The granules (arrowheads) often exist near the 
Golgi apparatus (GA), as shown in A, and are concentrated in the apical cell region, as shown in B. 
(Zamboni-osmium. A, x 23,000. B, x 25,000.) | 


imens fixed only in Zamboni solution remain more an- 
uigenic sites resulting in heavier labeling than those 
postfixed in osmium but yield much less satisfactory 
results, especially in the preservation of these inclusions 
(Fig. 4). Few nonspecific reactions were observed in the 
large vacuoles. 

In the specimens at 9 and 12 weeks of gestation, these 
immunoreactive granular inclusions decrease consid- 
erably in number. Very few gold particles were ob- 
served on the cytoplasmic matrix and chorionic space 
in the controls when the specific anti-human chorionic 
gonadotropin serum was substituted for normal rabbit 
serum (Fig. 5, A) and the antiserum was absorbed with 
human chorionic gonadotropin (Fig. 5, B). 


Comment 


To date, four articles have described ultrastructural 
localizations of human chorionic gonadotropin in hu- 
man placentas with the use of the peroxidase-antiper- 
oxidase technique.** Although they reported localiza- 
tion of the reaction products either on the membranes 
of rough endoplasmic reticulum or in the cavities of 


apical vacuoles, the fine structure of these cytoplasmic 
organelles and inclusions was poorly preserved under 
methacrylate-embedded cryosections. 

The present protein A—gold technique demonstrates 
that the antigenicity of human chorionic gonadotropin 
is preferentially located in Golgi-derived granules of 
200 to 300 nm in the syncytiotrophoblast. From our 
electron micrographs, these granules seem to be seg- 
regated from the Golgi apparatus and released by exo- 
cytosis as secretory granules from the apical cell surface 
into the maternal circulation. Thus the present findings 
argue for the previous light microscopic immunocy- 
tochemical reports indicating human chorionic gonad- 
otropin localization only in the syncytiotrophoblast.? 

A few immunofluorescence studies reported that the 
B-subunit of human chorionic gonadotropin was also 
located in the cytotrophoblast.* ° Therefore, we ex- 
amined immunocytochemical localizations of a- and 
B-subunits of human chorionic gonadotropin by means 
of light microscopic peroxidase-antiperoxidase and im- 
munoelectron microscopic protein A—gold techniques 
with the use of the specific antisera against both a- and 
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Fig. 3. Immunoelectron microscopic localization of human chorionic gonadotropin in the syncytio- 
trophoblast at 7 weeks of gestation. The gold particles are preferentially located on granules (MG) 
aggregating near the chorionic space (CS) and large bodies (LB), as shown in A. The granules, 
although considerably reduced in electron density in this immunostaining section, are clearly 
distinguishable from the neighboring enlarged cisterns (B). (Zamboni-osmium. A, x 29,000. 
B, x 40,000.) 


B-subunits of human chorionic gonadotropin (UCB 
Bioproducts).'* In both techniques, we did not obtain 
any specific labeling against these two antisera in the 
cytotrophoblast. Thus we conclude that the cytotropho- 
blast does not contain any immunospecificity against 
human chorionic gonadotropin and its subunits. 

The present study reveals that the large body ts an- 
other antigenic site of human chorionic gonadotropin 
in the syncytiotrophoblast. These do not seem to be 
secretory granules judging from their ultrastructure. 
Similarly, in the pituitary gland, it is well known that 
cells producing luteinizing hormone and follicle-stim- 
ulating hormone sometimes contain two kinds of gran- 
ules, small secretory granules and large granules. The 
concentration of human chorionic gonadotropin in 
blood serum is high in the first trimester and rapidly 
declines thereafter.’ Also, in the present observation, 
the granules have considerably decreased in number 
at 12 weeks. On these grounds, we speculate at present 
that the large bodies might play a role in reservoirs of 


the hormones during early gestation or in crinophagic 
lysosomal structures that digest the hormone as already 
mentioned in the prolactin cells.'° At any rate, more 
detailed morphologic studies are necessary to elucidate 
the precise function of this inclusion in the syncytio- 
trophoblast, and such studies are now in progress in 
our laboratory. 
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... Surgical treatment for tubal pregnancies greatly impairs the subsequent fertility of patients because of 
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x The term ectopic pregnancy is applied to a preg- 
: nancy that follows implantation of the fertilized egg on 
any tissue other than the mucous membrane lining of 
the uterine cavity. The most common type of ectopic 
pregnancy is that which occurs in the tube. Surgical 
treatment has been used once the tubal pregnancy is 
. . diagnosed. However, irrespective of the operative pro- 
cedures, utilized, subsequent fertility has been impaired 
because of damage to the uninvolved tube. This dam- 
age has been assumed to be a sequel of the irritating 
factors of a blood clot in the peritoneal cavity and of 
operative procedures that cause fibrosis and obstructive 
adhesions of the oviduct. Thus excision of ectopic preg- 
nancies or salpingostomy with reparative procedures 
has been used in an attempt to improve fertility. How- 
ever, repeated tubal pregnancy in patients who under- 
went plastic surgery of the tube is not unusual. 

The current availability of sophisticated clinical 
modes of diagnosis of pregnancy has also provided the 
possibility of early detection of ectopic pregnancy. Ex- 
- aminations by the use of B-scope scanning are of prime 
z importance. The former is routinely applied for esti- 
= “mation of the date of conception and localization of the 
implantation site in all patients with early stage preg- 
nancy. This system has made possible the early diag- 

nosis of ectopic pregnancy before any signs of termi- 
nation appear. Urinary and serum human chorionic 
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w salpingectomy and its complicated adhesions. Nonsurgical methotrexate therapy was developed to avoid 
: such complications. Although early detection was of prime importance, resolution of ectopic pregnancy 
nee was Obtained in 22 patients (95.7%) with methotrexate administration alone. Patency of the oviducts was 
evaluated with hysterosalpingography and/or laparoscopy in 19 patients after termination of methotrexate 
treatment. In 10 of 19 patients (52.6%), complete patency of the involved oviduct confirmed the validity of 
this regimen. Severe side effects were not observed in any of the 23 patients. (Am J OBSTET GYNECOL 


gonadotropin measurements and endometrial curet- 
tage are also useful to establish the diagnosis in such 
cases. 

Methotrexate is a folic acid antagonist that has been 
widely used for cancer treatment. Impairment of nu- 
cleic acid synthesis is responsible for the inhibition of 
tumor cell division. A similar effect was obtained with 
trophoblasts of abdominal pregnancies' since tropho- 
blasts possess high proliferative activity. This idea has 
led to nonsurgical methotrexate treatment in patients 
with tubal pregnancy in order to conserve tubal func- 
tion. In this study the efficacy of this treatment is dis- 
cussed and the data obtained from 23 patients are an- 
alyzed. 


Material and methods 

Tubal pregnancy was diagnosed in 23 patients by 
means of B-scope scanning, urinary human chorionic 
gonadotropin measurements, endometrial currettage, 
and clinical course. The diagnosis was established in all 
cases before indications of termination of pregnancy. 
Methotrexate (0.4 mg/kg/day for 5 days) was admin- 


istered intramuscularly to these patients. ‘These courses 
were generally given every other week, although. the — 
schedule was occasionally altered by the degree of se- 
verity of side effects in the patients. The total dosage 

of methotrexate was determined with reference to the. 
total urinary human chorionic gonadotropin titer i in the 
ee measured bel radioimmunoassay (Mochida 
























Human 
chorionic 
gonadotropin 
(FUIL) 


Site of 
previous 
ectopic 
gestation 


Site of 
current 
ectopic 


gestation 







Gestation 
(wk) 





} — 9 80 ? 
2 41 Right tube 8 600 Left tube 
3 20 —- 7 1,000 Left tube 
4 34 Left tube 9 1,000 Right tube 
5 24 — 9 1,000 Right tube 
6 25 — 12 2,000 Right tube 
a 29 — 7 2,000 Left tube 
-B 27 Left tube 6 2,000 Right tube 
ee ee — 7 4,000 ? 
<Q  37 — 8 4,000 ‘Right tube 
JI 25 = 7 4,000 Right tube 
12. 25 Righ tube 8 8,000 Left tube 
413 29 Left tube 8 8,000 Right tube 
14° 2l — 8 16,000 Left tube 
BS 25 — 9 4,000 Right tube 
16 34 Right tube 7 16,000 Left tube 
F7 233 ~~ 5 320 Right tube 
18 27 Left tube 8 640 Right tube 
19 34 ~= 9 1,000 Left tube 
20 25 Right tube 8 8,000 Left tube 
21l 24 — 9 640 Left tube 
22 29 — 6 2,000 Left tube 
















Methotrexate treatment in tubal pregnancy rr 









Total dosage 








of Length of time 
methotrexate | to resolution 
used (mg) 





75 a 
105 23 = 
60 30 = 
105 20 Impaired liver function 
100 14 aee 
150 26 = 
180 28 — 
200 29 "P 
200 38 Impaired liver function 
300 42 Impaired liver function 
200 43 Bone marrow suppression 
200 21 Impaired liver function 
75 39 — 
200 47 Get 
200 a — 
200 44 — 
90 Ee ae 
100 10 _ 
105 17 — 
200 25 — 
100 13 oa 
180 7 — 








The ages of the 23 patients ranged from 20 to 41. 
Urinary human chorionic gonadotropin values in these 
patients were generally lower (80 to 16,000 IU/L) than 
those in intrauterine pregnancies (Table I). The left 
oviduct was involved in 11 cases and the right in 10 

= cases. The exact localization of the implantation site 

<> could not be confirmed in the remaining two cases. 

Methotrexate therapy was chosen for eight patients 

© with a previous salpingectomy and in another 15 pa- 
tients without such operation. Resolution was obtained 

‘in 22 patients with methotrexate administration alone. 
The remaining patient underwent immediate opera- 

tion because of tubal rupture during the treatment. 

The total doses of methotrexate used in these 22 pa- 
tients ranged from 60 to 300 mg (mean 151.1 mg). 
.. These doses tended to correspond to the urinary hu- 
man chorionic gonadotropin titer before treatment; 60 

~ to 150 mg (mean 93 mg) of methotrexate was sufficient 

“to produce resolution in cases with urinary human cho- 

_ ionic gonadotropin levels < 1000 IU/L, although 75 to 
7 300 mg (mean 191 mg) was necessary in cases where 
| athe urinary human chorionic gonadotropin level was 
>2000 IU/L. The length of time required for the uri- 
nary human chorionic gonadotropin. levels of patients 
to reach 20 IU/L with methotrexate treatment ranged 
om 6 to 47 days (mean 29.7 days). The mean in five 













patients with human chorionic gonadotropin titers kap 


<1000 IU/L before treatment was 18.6 days (6 to 30 a 


days), although 35.9 days was necessary in 17 patients > 


with levels >2000 IU/L. 7 
The patency of bilateral oviducts was evaluated in 19 


patients with hysterosalpingography and/or laparos- _ 


copy after termination of the methotrexate therapy: y 
(Table II). Those patients were then subdivided into 


two groups for exact evaluation, seven patients with a T 
history of previous salpingectomy on either oviduct and 
12 patients without such a history. Two patients (28. 6%) ws 
had complete patency of the involved oviduct, although 


passage of the contrast medium was partially inter- 
rupted in three and completely interrupted in two pa- 


tients in the former group. The patency of the unin- 


volved oviduct in the group without a history of sal- 
pingectomy could be demonstrated in all patients 
except in one case (Case 22) with peritubal adhesions. _ 
Normal passage of the contrast medium through the 
involved tube was observed in eight patients (58.3%), 
although obstruction and peritubal adhesions, respec- 
tively, were shown in two patients in this group. A high 
rate of impairment of passage through the involved 
oviduct was shown in the < group with previous salpin- 
gectomy. l i ss 
A further comparison of the rate oe patency of the | 
involved oviduct was: performed between. the group 


with early gestation: (<7 weeks of pregnancy) and the x 
group at a relatively advanced stage (>8 weeks of preg- 
nancy). A higher success rate was obtained in the for- odie 

















. Table Il. Results of evaluation of tubal 

_ patency and pregnancies subsequent to 
methotrexate therapy in 22 patients with 
tubal pregnancy 


Tubal patency 


Uninveolved 
tube 










Pregnancies subsequent 
to methotrexate therapy 






No. | Involved tube 


Good Good a 


1 
2 — Not examined -— 
3 Good Good Two normal neonates 
4 Poor E Induced abortion 
5 — Not examined — 
6 Good Good _ 
7 Good Good — 
8 Poor an — 
9 Good Good coe 
10 — Not examined —- 
11 Obstruction Good = 
12 Poor an a 
13 Obstruction —* = 
14 Good Good — 
15 Peritubal Good — 
adhesions 
16 Good ~ _ 
{obstruction} 
17 Good Peritubal Spontaneous abortion 
adhesions 5 wk, 3 days 
18 Good n —— 
19 Peritubal Good —- 
adhesions 
20 Good = _ 
21 Obstruction Good — 
22 Good Peritubal Normal neonate 
adhesions 


*Cases in which salpingectomy was done for the previous 
tubal pregnancy. 


mer (five of eight, 62.5%) than in the latter (five of 11, 
45.5%), although the number of case evaluated was still 
small. The group without previous salpingectomy and 
with gestation of <7 weeks obtained the highest rate 
of patency of the involved oviduct (five of six, 83.3%). 
As a result, in 10 of 19 patients (52.6%) complete pa- 
tency of the involved oviduct function was obtained 
-with methotrexate administration alone. 

Four patients had other pregnancies subsequent to 
the termination of methotrexate therapy in spite of the 
relatively short period of observation. Two patients 
(Cases 3 and 22) were delivered of three normal neo- 
nates although one (case 17) had a spontaneous abor- 
tion. The remaining patient (Case 4), who underwent 


__ elective abortion because of an economic problem, was 


especially noteworthy. Because the left tube of this pa- 
tient had already been removed, a methotrexate regi- 
men for treatment of a right tubal pregnancy was un- 
dertaken in the present study. This resulted in reso- 
lution of the tubal pregnancy, but there was impairment 
of passage of the contrast medium. However, she still 
retained reproductive capability. 











February 1987 
J Obstet Sem 


Severe side effects were not observe ina any of the 
23 patients with administration of a total of 60 to 300 
mg of methotrexate. Slight elevations of serum glu- 
tamic oxaloacetic transaminase and serum glutamic py- 
ruvic transaminase, and slight bone marrow suppres- 
sion were noted in four cases and one case, respectively. 





Comment 


Methotrexate treatment for extrauterine pregnan- 
cies was initially used in cases of abdominal preg- 
nancy.” The prompt deterioration of the placenta pro- 
duced by methotrexate administration may bring about 
resolution without sequelae, although surgical manip- 
ulation of the placenta has generally resulted in profuse 
hemorrhage. Similar trials undertaken for cervical and 
interstitial pregnancies also indicated the effectiveness 
of this therapy. The rationale for the use of metho- 
trexate in these instances was to bring about a prompt 
destruction of placental trophoblastic activity, with the 
assumption that this would be associated with a con- 
comitant decrease in placental vascularity and thereby 
a marked restriction of the potential of hemorrhagic 
complications of the retained placenta. Methotrexate 
therapy for tubal pregnancies has also been based on 
the expectation of similar effects. 

Surgical treatments greatly impair subsequent fertil- 
ity in patients because of salpingectomy and its com- 
plicated adhesions. Simultaneous tuboplasty also fre- 
quently results in repeated tubal pregnancy. Nonsur- 
gical methotrexate treatment was considered to avoid 
such complications. Although early detection is of 
prime importance in this respect, recent advances in 
B-scope scanning can produce the diagnosis in the stage 
before the pregnancy terminates. In fact, B-scope scan- 
ning resulted in early detection in 23 patients of the 
present study, and resolution occurred with metho- 
trexate administration alone in all cases except one. 
However, preservation of the oviduct function should 
be also considered. In the present study, in 52.6% of 
the involved oviducts (10 tubes), complete patency oc- 
curred together with resolution of tubal pregnancy, 
thus confirming the clinical validity of this regimen. 

The remaining nine tubes (47.4%) showed various 
degrees of interruption of passage on hysterosalpin- 
gography. The causal mechanisms responsible for this 
complication must be considered. In five patients with 
previous salpingectomy it is likely that the presence of 
peritubal adhesions, probably as the result of salpin- 
gectomy, caused the current tubal pregnancy. as well as 
the passage interruption after the termination of meth- 
otrexate therapy. However, the details responsible for 
the complication remain to be clar ified i 1 the other four 
cases in which salpingectomy had not been pe rformed. 3 
The erosive action of trophoblasts < an he separation | 
of the ovum from the tubal wall are sometimes re- 























> -sponsible for bleeding into oviducts and from the fim- 
--briated orifice, which may be filled with clots. Although 
-the causal factors resulting in subsequent tubal preg- 
< nancy should be accounted for, it is likely that such 
© bleeding into the oviduct gives rise to either peritubal 
_ adhesion or obstruction. This would suggest that meth- 
otrexate administration should be begun at the stage 
before the appearance of bleeding into the oviduct. The 
highest success rate obtained in the group without pre- 
vious salpingectomy and in which the gestation was <7 
weeks may support this idea. However, further accu- 





mulation of data is necessary to confirm the validity of 


F sax this regimen. 
~The total dosage of methotrexate used in the present 
study was evidently less than the one used for patients 
with trophoblastic diseases. Only slight suppressions of 
~ liver and bone martow functions have been observed. 
. Those indicate the safety of methotrexate treatment 
for patients with tubal pregnancies, although imminent 
influences on offspring of women receiving metho- 
trexate remain unknown. Literature on the topic” in- 
dicates that 3% to 10% of neonates born to mothers 
who had received chemotherapeutic regimens had con- 
<o genital anomalies. These indications are at variance 
| -with our data (Shinkai N, Wake N, Ichinoe K, Shina Y. 
published data) that none of 53 patients had such 
nalies. The cause of this difference is uncertain, 
is unlikely that a relationship exists between the 
ncidence of congenital anomalies and the administra- 
“tion of chemotherapeutic agents because the latter has 
not been carried out in patients during pregnancy. 
Rather the degree of germ cell damage created by the 
agents is important to evaluate the safety of this regi- 
men. This would be reflected by the rates of sponta- 
neous abortion or some kinds of abnormal pregnancies. 
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Methotrexate treatment in tubal pregnancy 487 


We are aware of 449 pregnancies after the termination 
of chemotherapy in the literature’? Sixty-five spon- 
taneous abortions occurred, for a rate of 14.5%, which 
is not different from that in data of the control pop- 
ulation without any kind of chemotherapy.* * Thus pre- 
vious data indicate that the rate of fetal wastage pre- 
sumably resulting from the injured germ cells was not 
high, suggesting safety for offspring of women receiv- 
ing methotrexate therapy. However, this should be in- 
vestigated further since the available data are insufh- 
cient at this time. 


REFERENCES 


l. Hreshchyshyn MM, Naples JD Jr, Randall CL. Ame- 
thopterin in abdominal pregnancy. AM ] OBSTET GYNECOL 
1965;93:286-7. 

Lathrop JC, Bowles GE. Methotrexate in abdominal preg- 

nancy. Report of a case. Obstet Gynecol 1968;32:81-5. 

3. St Clair JT, Whealer DA. Methotrexate in abdominal preg- 
nancy. [AMA 1969;21:529-31. 

4. Tanaka T, Hayashi H, Kutsuzawa T, Fujimoto $, Ichi- 
noe K. Treatment of interstitial ectopic pregnancy with 
methotrexate: report of a successful case. Fertil Steril 
1982;37:851-2. 

5. Van Thiel DH, Ross GT, Lipsell MB. Pregnancies after 
chemotherapy of trophoblastic neoplasms. Science 1970; 
16:1326-7, 

6. Pastorfide GB, Goldstein DP. Pregnancy after hy nidi 

form mole. Obstet Gynecol 1973;42:67-70. 

Ross GT. Congenital anomalies among children born öf 

mothers receiving chemotherapy for gestational tropho- 

blastic neoplasms. Cancer 1976;37:1043-7. 

8. Walden PAM, Bagshawe KD. Reproductive performance 
of women successfully treated for gestational trophoblas- 
tic tumors. AM J OBSTET GYNECOL 1976;125:1 108-14, 

. Kanazawa K, Moridaira H, Hirogami T, Hando T, Tak- 
euchi S. Studies on treatment of invasive mole and sub- 
sequent reproductive performance, a report of 39 cases 

[In Japanese]. Acta Ostet Gynecol Jpn 1980;32:69-74. 

10. Shirk N, Shiina Y, ichinoe K. Reproductive function in 


ro 


~F 


Oo 


patients with trophoblastic disease [In Japanese]. Acta Ob- - 


stet Gynecol Jpn 1981;33:301-4. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1987 issues from the Publisher, at a cost of $51.00 ($74.00 
international) for Vol. 156 (January-June) and Vol. 157 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 
volume. The binding is durable buckram with the JoURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact The C. V. 


Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146, USA; phone (800) 325-4177, ext. 351. : 

Subscriptions must be in force to qualify. Bound volumes are not available i in place 
of a regular JOURNAL subscription. : 























I. Definition, Detection, and Diagnosis 
A. Definition 


Gestational diabetes mellitus is defined as car- 
bohydrate intolerance of variable severity with 
onset or first recognition during the present 
pregnancy. The definition applies regardless 
of whether insulin is used for treatment or the 
condition persists after pregnancy but does not 
exclude the possibility that the glucose intol- 
erance may have antedated the pregnancy 


. Detection 


All pregnant women should be screened for 
glucose intolerance because selective screening 
based on clinical attributes or past obstetric 
history has been shown to be inadequate. Preg- 
nant women who have not been identified as 
having glucose intolerance before the twenty- 
fourth week should have a screening glu- 
cose load between the twenty-fourth and the 
twenty-eighth week consisting of 50 gm of oral 
glucose given without regard to time of the last 
meal or the time of day. The venous plasma 
glucose level is measured | hour later. A value 
of 2140 mg/dl is recommended as a threshold 
to indicate the need for a full diagnostic glu- 
cose tolerance test 


. Diagnosis 


Diagnosis is based on results of the 100 gm 
oral glucose tolerance test during pregnancy 
interpreted according to the diagnostic criteria 
of O'Sullivan and Mahan.' Definitive diagnosis 
requires that two or more of these venous 
plasma glucose concentrations be met or ex- 
ceeded: fasting, 105 mg/dl; 1 hour, 190 mg/ 


di; 2 hours, 165 mg/dl; 3 hours, 145 mg/dl 
. Obstetric and Perinatal Considerations 
A. The off: spring of mothers who experience fast- 


ing (2105 mg/dl) and postprandial (= 120 mg/ 
dl) glycemia are at greater risk for intrauterine 
or neonatal death, and such mothers must un- 


This statement is buda on. nile summary and recommendations of the 
Second International Workshop-Conference on Gestational Dia- 
betes Mellitus ( published i in Diabetes 1985 ;34:123-6), Approved 
by the Board of Directors of the American Diabetes Association, 
Ine. .. March 8&1 986, a 
American Diabetes Ass ssociation, Tne: 


reproduced with permission from the 






: Position Statement on Gestational Diabetes Mellitus 





Formulated by the American Diabetes Association, Inc. 


dergo careful antepartum fetal surveillance. 
Perinatal mortality in offspring of patients 
with gestational diabetes who maintain normal 
fasting and postprandial glucose levels may not 
be increased above that observed in the gen- 
eral population under conditions of optimum 
obstetric care and restitution of fasting and 
postprandial plasma glucose levels to normal 
limits. All patients with gestational diabetes are 
at significant risk for fetal macrosomia as well _ 
as other neonatal morbidity, including hypo- 
glycemia, hypocalcemia, polycythemia, and 
hyperbilirubinemia 


IH. Therapeutic Strategies 


A. 


D. 


Close surveillance of mother and fetus. must 
be maintained in all instances of gestational 
diabetes mellitus. Maternal surveillance should 
be directed toward monitoring for elevations 
of fasting or postprandial glucose levels in cap- 
illary blood or venous plasma and designed to 
detect any deterioration of glucose homeosta- 
sis as gestation proceeds 


. Monitoring of maternal urinary glucose is noo 000 


longer deemed adequate or sufficient 


. Increased fetal surveillance is appropriate, but 


the starting time, frequency, and techniques 
used should depend on the cumulative degree 
of risk that the fetus is believed to bear 

All women with gestational diabetes mellitus 
should receive nutritional counseling consis- 
tent with the recommendations for caloric 
distribution proposed by the American Dia- 
betes Association. Intake of sucrose should be- 
limited 

If dietary management does not consistently 
maintain the fasting plasma glucose level <105 
mg/dl and/or the 2-hour postprandial plasma 
glucose level <120 mg/dl on two or more oc- 
casions within a 2-week interval, insulin ther- 
apy is initiated in many centers. Self-monitor- 
ing of blood glucose is a requirement. for ef- 
fective insulin therapy. If insulin is prescribed, 
only highly purified nonbeef nsulin. a 
rations should be used- Aa 

Oral hypoglycemic : gents cannot be recom- : 
mended during pregnancy ie ee 
Breast-feeding should. -be 
women with gestational diab 












- Women in whom gestational diabetes mellitus 
-iş diagnosed should be evaluated post partum 
to detect diabetes early in its course. They 
should be evaluated. initially at the first post- 
‘partum visit by a 2-hour oral glucose tolerance 


a 


test with a 75 gm glucose load 


REFERENCE = ; 
I. O'Sullivan JB, Mahan CM. Criteria for the oral g 


tolerance test in pregnancy. Diabetes 1964 









Human Papillomaviral Infection and Lower Genital 
Tract Neoplasia: An Advanced Course for 
Pathologists and Clinicians, May 7, 8, 9, 
1987, Doubletree at Concourse Hotel, Adanta, 
Georgia. Directed by Dr. Richard Reid and 
sponsored by The Regional Cancer Center— 
Saint Joseph's Hospital of Atlanta. For further 
information contact: Mary Claire Jones, Di- 
rector of Educational Services. Tel.: (404) 851- 
7025. 

High-Risk Obstetrics, April 2-4, 1987, Chicago, Hli- 
nois. Sponsored by the Cook County Graduate 
School of Medicine. For additional informa- 
tion contact the Registrar’s Office. Toll-free 
number: Illinois 1 (800) 621-4649, outside Il- 
linois 1 (800) 621-4651. 

Current Concepts in Obstetrics and Gynecology Fo- 
cusing on Endometriosis, March 27-28, 1987, 
Inn on the Park, Four Riverway, Houston, 
Texas. Presented by Baylor College of Medi- 
cine, Department of Obstetrics and Gynecol- 
ogy. For information contact: Lila K. Lerner, 
Program Coordinator, The Office of Contin- 
uing Education, Baylor College of Medicine, 
One Baylor Plaza, Houston, TX 77030. Tel.: 
(713) 799-6020. 

The Annual International Reproductive Health Sem- 
inar, November 4-7, 1987, The Sheraton 
British Colonial, One Bay Street, Nassau, Ba- 
hamas. Sponsored by IPARC International 
Population and Reproduction Council. For 
further information contact: Howard A. En- 
gle, M.D., Director General, IPARC, 975 Ar- 
thur Godfrey Road, Suite 102, Miami Beach, 
FL 33140. Tel.: (305) 531 0047. 

Fourth Annual Houston Everett Memorial Course in 
OB-GYN Urology, Saturday, April 25, 1987, 

The Johns Hopkins Medical Institutions, Bal- 
timore, Maryland. 9 AMA Category I credits; 
E = application. has been made for other appro- 

_. priate credits. Sponsored by the Department 
of Gynecology and Obstetrics, The Johns 

‘Hopkins Medical Institutions. For information 

contact: Program Coordinator, Office of Con- 

tinuing Education, The Johns Hopkins Med- 
ical Institutions, Turner 22, 720 Rutland Ave., 
Baltimore, MD 21205. Tel.: (301) 955-6046. 
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The Pacific Coast Obstetrical and Gynecological So- 
ciety Ted Adams Scholarship Committee in- 
vites applications for an award of $7,500 to be 
given in 1987 to a student, resident, or prac- 
ticing physician residing in the geographical 
area of the Society (Alaska, Arizona, British 
Columbia, California, Hawaii, Idaho, Nevada, 
Oregon, Utah, and Washington). Applicants 
should submit a descriptive outline detailing 
their educational background, their present 
status, and how the award would be used in 
pursuit of knowledge that could elucidate and 
contribute to understanding of some aspect of 
normal or abnormal structural, functional, or 
behavioral component of human reproductive 
biology. All applications received by July 1, 
1987, will be considered by the committee. 
The decision of the committee will be final and 
will be announced at the annual meeting of 
the Society, September 27 to October 2, 1987, 
at the Lodge at Pebble Beach, Pebble Beach, 
California. Address applications to: PCOGS 
Scholarship Committee, 707 Cobb Medical 
Center, Seattle, WA 98101. 

Ninth Practical Course in Colposcopy and Cervico- 
vaginal Histopathology in English. Demon- 
stration of the use of Dr. Cartier’s Diathermy 
Loop. Paris, France, September 21-25, 1987. 
For further information contact: Dr. R. Car- 
tier, 20, rue des Cordelieres, F 75013 Paris, 
France. Tel.: (1) 43 36 04 46. 

Reproductive Endocrinology and General Gynecol- 
ogy, May 31l—June 6, 1987, Palmetto Dunes 
Resort, Hilton Head Island, South Carolina. 
Sponsored by the Department of Gynecology 
and Obstetrics, The Johns Hopkins Medical 
Institutions. Credits: 34 AMA. This program 
has been approved for 33 Cognates, Formal. 
Learning, by the American College of Obste- 
tricians and Gynecologists. For information 
contact: Jeanne Ryan, Program Coordinator, 
Office of Continuing. Education, ‘The Johns 
Hopkins Medical Institutions, 720. Rutland. 
Ave., Turner 22, Baltimore, MD 21205. Tel.: 
(301) 955-6046. =- 
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Microbiology of the female genital tract 


nts who contract genital tract infections are predominantly young, are otherwise healthy, and 

rally respond well to treatment for bacterial infections. These infections are most commonly - 

lyr icrobial in etiology, with several noteworthy exceptions. Often there is an inciting event such as- 
childbirth, surgical intervention, pregnancy termination or intrauterine contraceptive device insertion. With 
treatment, prognosis for cure is excellent, however, sequelae such as recurrent infections, infertility, or J : 


es ectopic pregnancy can be serious. Bacteria encountered in the female genital tract can be divided into | 
ae aerobic and anaerobic organisms. Among the aerobic gram-positive organisms, several varieties: of 
| streptococci such as Group B streptococci and enterococci occur frequently. Staphylococcus aureus is an 
infrequent but important pathogen. Among the aerobic gram-negative organisms, the most common jg. 
S Escherichia coli. Klebsiella sp. and Proteus sp. occur in about 5% of genital tract infections. Species that 
are more resistant to antibiotics, such as Pseudomonas aeruginosa and Enterobacter sp., occur in 











approximately 1% or 2% of these cases and are more likely to appear in patients who have previously ` 
eceived antibiotic therapy or who have been hospitalized for some time. Among the anaerobic organisms, 
the most common gram-positive isolates are Peptostreptococci and Peptococci. Clostridia sp. occurs less l 
ofe equently. Among the anaerobic. gram-negative organisms, the Bacteroides sp. most frequently- yo 
a encountered are Bacteroides bivius and Bacteroides disiens. Bacteroides fragilis is still a common 


= a problem but appears to be less predominent. Other organisms encountered are Chlamydia trachomatis, 
=. the genital mycoplasmas, yeasts, protozoa, and viruses. (AM J OssteT GyNECOL 1987;156 ‘491-5. J 


_ Key words: Genital tract infections, female, microbiology, anaerobes and aerobes, cuai 


Surrounding the bacterial cell is a macromolecular 
matrix of peptidoglycan, or short strands of peptides 
A cross-linked to a polysaccharide polymer. In gram-pos- 
itive organisms, this matrix is covalently bound to tei- 
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choic acid or teichoglucuronic z acid, while in. gram-neg- 
ative organisms, it is bound to the lipoprotein i in the 
outer membrane. New cell walls are developed by the | 
cross-linking of these adjacent peptides, thought to be ye 
the sites of B-lactam antibiotic action. This. activit 
against either gram-negative or gram- -positive specie 


is dependent on the ability of the B- lactam, antibiotic to be, 
penetrate through the peptidoglycan matrix and attach - 
to a receptor site. Next, the B-lactam antibiotics. must oo 
be resistant to B-lactamases and must have an affinity = 














for the penicillin-binding proteins involved in the syn- 
thesis of the bacterial cell wall. 


Group B streptococci 


The group B streptococci are representative of the 
aerobic gram-positive cocci. They are isolated in selec- 
tive media from 5% to 25% of the vaginal cultures of 
otherwise healthy women. They are commonly in- 
volved in maternal and neonatal infections but play less 
of a role in gynecologic infections. They are involved 
in endometritis, amnionitis, and neonatal sepsis. 

Group B streptococci are encountered in approxi- 
mately 20% of obstetric infections, and in neonatal sep- 
sis they are one of the most common organisms isolated 
from the bloodstream.' An association has been shown 
between colonization of the maternal cervix in preg- 
nancy and subsequent adverse outcomes of pregnancy, 
such as premature rupture of the membranes or pre- 
mature birth.? 

The major current problem with group B strepto- 
cocci is the prediction and prevention of early-onset 
neonatal sepsis. Even with prompt treatment, the mor- 
tality rate is approximately 40%. Boyer et al.* have re- 
ported using selective intrapartum chemotherapy in 
women who are colonized with group B streptococci 
during pregnancy and who have additional risk factors 
such as premature rupture of the membranes, pre- 
mature labor, or maternal fever in labor. This treatment 
has previously been reported to decrease transmission 
to the neonate and very recently has been reported to 
significantly decrease group B streptococcal neonatal 
sepsis.’ 

Group B streptococci are widely susceptible to B-lac- 
tam antibiotics, including the penicillins and cephalo- 
sporins. Alternative therapy for treating group B strep- 
tococcal infection includes erythromycin. 


Enterococci 


Enterococci are also common gram-positive cocci, the 
most common being Streptococcus faecalis. These are in- 
cluded in the group D streptococci in the Landsfield 
system. They are isolated from the genital tract of ap- 
proximately 10% of asymptomatic women. Enterococci 
are occasionally pathogenic in the heart valve and uri- 
nary tract. 

During the last decade, the role of enterococci in 
pelvic infections has been controversial. Isolated from 
cultures of infected sites in women with endometritis, 
-amnionitis, and postoperative gynecologic infections, 
they have also been isolated in the bloodstream of 
women with genital tract infections. Apparently the fre- 
quency of isolation of this organism is increasing and 
it is now found | in approximately 25% of the women 
with postoperative infection after cesarean section.’ 
Use of prophylactic cephalosporins appears to be a po- 





“Am J Obstet Gynceal 


tent method of increasing the isolation rate of en- 
terococci.® 

The treatment of choice of S. faecalis is a synergistic 
combination of penicillin plus an aminoglycoside such 
as gentamicin. In a penicillin-allergic individual, van- 
comycin may be used as the drug of choice. Patients 
who have enterococcal urinary tract infections or mild 
enterococcal infections usually respond well to ampi- 
cillin therapy. However, the organism is resistant to 
penicillin alone, gentamicin alone, and all the cepha- 
losporins including those of the first, second, and third 
generations, as well as the tetracyclines. When sulbac- 
tam is combined with cefoperazone, the 90% minimum 
inhibitory concentration with enterococci does not de- 
crease markedly.’ 


Staphylococcus aureus 

S. aureus is found in the genital tract of approximately 
9% to 10% of asymptomatic women, in approximately 
10% of patients with postoperative wound abscess after 
gynecologic or obstetric procedures, and in 5% to 20% 
of genital tract cultures of women with pelvic infection. 
It is found in virtually 100% of women who have toxic 
shock syndrome.” 

Forty years ago widespread resistance to penicillin G 
developed in nosocomial isolates of S. aureus, and cur- 
rently 95% of hospital isolates and approximately 85% 
of community isolates of these organisms produce 
B-lactamases that confer resistance to penicillin and am- 
picillin as well as the newer penicillins. Staphylococci 
are usually susceptible to the B-lactamase—resistant 
penicillins in the methicillin-nafcillin group, to cepha- 
losporins, and to clindamycin. Methicillin-resistant 
strains of S. aureus have been a problem outside the 
United States and a relatively infrequent but perhaps 
growing problem here. 


Escherichia coli 

E. coli is the most common aerobic gram-negative 
bacterium in the female pelvis.’ It is the most common 
organism isolated from the bloodstream of women who 
have septic shock complicating pelvic infections.” How- 
ever, it is pathogenic in only 10% to 20% of pelvic 
infections.’ This estimate is based on studies with agents 
such as metronidazole or clindamycin, neither of which 
are active against E. colt or other Enterobacteriaciae. 

E. coli and other members of this group are often 
susceptible to B-lactam antibiotics including several of 
the newer penicillins and cephalosporins. Aminogly- 
cosides are, however, the drugs of choice. _ 

Several different B-lactamases are detectable in the 
Enterobacteriaceae group. including E. coli. TEM-1 is 
the most common and accounts for roug! y 75% of the 
B-lactamases produced by this group.’ i These T EM en- 
zymes are plasmid- -mediated and constitutive. 
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Fig. 1. A culture showing genital mycoplasmas. The larger “fried egg” colonies are M. hominis, and 


the smaller colonies are U. urealyticum. 


Fig. 2. Tissue culture of C. trachomatis. Stain demonstrates C. trachomatis inclusions. 


Neisseria gonorrhoeae 
N. gonorrhoeae is an organism of preeminent impor- 
tance in pelvic inammatory disease and may cause 
disseminated infection, especially in pregnant women. 
‘It is isolated in 1% to 25% of cultures depending on 
= -the population screened.” 
Traditionally, N. gonorrhoeae has been susceptible to 
illins and other B-lactam antibiotics, as well as to 
cyclines. A little more than a decade ago, however, 
--penicillin-producing strains of N. gonorrhoeae were rec- 
ognized, primarily in the Far East. These strains, how- 
ever, have remained at a relatively low prevalence in 
the United States. The B-lactamases responsible for 
penicillin resistance in N. gonorrhoeae are also of the 
TEM | type. 















Peptostreptococci 


Peptostreptococci are among the most common an- 
aerobic organisms encountered in female genital tract 
infections and have been isolated, according to recent 
reports, from 20% to 60% of genital tract cultures. 

Peptostreptococci have generally remained widely 
susceptible to antibiotics, including penicillins, clinda- 
mycin, metronidazole, and cephalosporins. Few strains 
of peptostreptococci have minimum inhibitory concen- 
trations 264 pg/ml of penicillin. 


Bacteroides bivius 

Much information has been gathered concerning the 
Bacteroides sp. isolated from female genital infections. 
First recognized in 1977, Bacteroides hivius is represen- 
tative of these anaerobic gram-negative bacteria. Sev- 
eral recent studies have determined B. bivius to be the 
© most common anaerobe in female genital infections. 
= We find it in approximately 20% of women who have 

endometritis after cesarean section and in the amniotic 








fluid of about 20% of women with intra-amniotic im- 
fection. In other series it has been isolated in up to 
40% of genital tract cultures from women with pelvic 
infection. 

B. bwius is highly susceptible to clindamycin, met- 
ronidazole, some of the newer penicillins, and the 
newer cephalosporins. However, susceptibility to pen- 
icillin G is highly variable. Ranges of minimum inhib- 
itory concentrations are broad, and in three suscepti- 
bility studies of B. bivius the 90% minimum inhibitory 
concentration values have been 16 to 64 g/ml.” 

Bacteroides disiens is another recently recognized spe- 
cies found mainly in female genital tract infections. 
Found in from 2% to approximately 15% of cultures 
from infected genital tract sites, it has susceptibility pat- 
terns similar to those seen with B. bivtus.’*” 

Bacteroides fragilis is found in female genital tract m- 
fections, but this group is found less commonly than 
B. bivius or B. disiens according to recent reports. åp- 
proximately 90% of the strains in the B. fragilis group 
produce a constitutive B-lactamase. Agents of choice 
for treating B. fragilis include clindamycin, metroni- 
dazole, chloramphenicol, and cefoxitin. 


Mycoplasmas 

Fig. 1 shows cultures of genital mycoplasmas. Myco- 
plasma hominis is found in 30% to 50% of vaginal cul- 
tures of sexually active women, and serologic and blood 


culture evidence supports a role for this organism in. 


both intrapartum and postpartum infection, ®® It is 
susceptible to tetracyclines and to clindamycin, while 
B-lactam antibiotics tend to be rather inactive. 

The other common genital mycoplasma is Ureaplasma 
urealyticum, being more common. in vaginal cultures 


than M. hominis. It is found in 60% to 80% of vaginal _ 
cultures of sexually active women. U. urealyticum has. 
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been implicated for several decades as a cause of in- 
fertility, pregnancy wastage, and premature birth. 
However, evidence is stronger for the role of U. urea- 
lyticum in postpartum fever. We have not been able to 
discern a role for Ureaplasma in intra-amniotic infec- 
tions. Drugs of choice for treating U. wrealyticum remain 
tetracycline and erythromycin. 


Chlamydia trachomatis 


Fig. 2 shows a culture of C. trachomatis. It is found in 
from 2% to 25% of cervical cultures, the wide range 
being a function of the population. Chlamydia is a major 
cause of acute cervicitis and can cause salpingitis. 

Its role in endometritis, however, is less clear. Recent 
studies from Chicago as well as those from Seattle have 
implied its role in late-onset, mild endometritis after 
vaginal delivery.'’ *° The organism is also an important 
cause of perinatally acquired infections, neonatal con- 
junctivitis, and pneumonia. 

Agents of choice for treating Chlamydia include the 
tetracyclines, erythromycin, and sulfonamides. Some 
B-lactam antibiotics, including amoxicillin and ampi- 
cillin, have moderate degrees of activity. 


Viruses 


The viruses that occur commonly in the female gen- 
ital tract include herpes simplex virus, which has an 
incidence of less than 1%. Ninety percent of these iso- 
lates are of type 2. Cytomegalovirus is most common, 
being found in some 4% to 15% of the female genital 
tracts examined. Disseminated infection and viremias 
from this virus may play an important role in pregnancy 
infections. 


Yeasts 


Yeasts are commonly encountered in the genital tract 
and nearly all are of Candida sp. About 95% of all Can- 
dida sp. found are Candida albicans. Approximately 20% 
of asymptomatic, sexually active women are found to 
have yeast forms, responsible for about 25% of all cases 
of vaginitis.” 

The response rate of these infections is usually good 
to a variety of compounds including boric acid, gentian 
violet, and imidazoles. However, the major problem 
with yeast infections is recurrence and reinfection. Dis- 
seminated candidal infections are unusual in otherwise 
healthy women. 


Trichomonas vaginalis 


The protozoan encountered commonly in the female 
genital tract infection is T. vaginalis. It is found in ap- 
proximately 6% to 44% of women.” The higher end 
of the range is usually seen in women attending clinics 


_ for sexually transmitted diseases. This organism is re- 


«sponsible for approximately 20% of all infectious vag- 
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initis. The response to treatment with single-dose met- 
ronidazole is usually good.” 


Comment 


Many infections of the female genital tract are 
polymicrobial. Both anaerobes and aerobes have been 
implicated in these infections. In a rat peritonitis model, 
organisms of the E. coli group, Enterobacteriaceae, con- 
tribute to peritonitis, to sepsis, and to death, but it is 
the anaerobic organisms that contribute to abscess for- 
mation.” 

It has been shown in the rat model, as well as in more 
recent clinical trials of female patients with genital tract 
infections, that therapy should be aimed at both the 
aerobes and anaerobes.” The overall response rate will 
be better, and the likelihood of serious complications 
such as abscess or septic pelvic thrombophlebitis will be 
decreased. This was first demonstrated in a study of 
penicillin and gentamicin compared with clindamycin 
and gentamicin.” The response rate to clindamycin and 
gentamicin was significantly better and serious com- 
plications were decreased. 

Single-agent therapy, as with cefoxitin, cefotaxime, 
moxalactam, and others that have very good activity 
in vitro against aerobes and anaerobes, has been re- 
ported to provide a similar high response rate.” ?®?8 
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A review of the role of §-lactamase—producing bacteria in 


obstetric-gynecologic infections 


David A. Eschenbach, M.D. 
Seattle, Washington 


B-Lactam antibiotics are the most commonly used antibiotics in obstetrics and gynecology. However, they 
are susceptible to inactivation when attacked by 6-lactamase, an enzyme produced by many bacterial 
species. During the past three decades, numerous penicillins and cephalosporins have been made with a 
stable B-lactam ring that resists enzyme attack. More recently enzyme inhibitors have been discovered 
that inactivate B-lactamase.-The combination of an enzyme inhibitor with a B-lactam antibiotic, such as 
ampicillin, restores the antimicrobial activity of the B-lactam against formerly resistant strains of 
staphylococci, Haemophilus influenzae, Enterobacteriaceae, and Bacteroides fragilis. (AM J OBSTET 


GYNECOL 1987;156:495-503.) 
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Recognition of antibiotic resistance began shortly af- 
ter the introduction of antibiotic therapy in the 1940s 
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and it has become increasingly important today.' The 
rapid and widespread resistance of Staphylococcus aureus 
to penicillin is well documented. Currently more than 
95% of S. aureus isolates produce B-lactamase enzymes 
that confer resistance to penicillin and ampicillin. In- 
creasing ampicillin resistance has also been noted for 
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Fig. 1. Schematic representation of gram-negative bacterial 
cell envelope. 


stella pneumoniae, and Proteus mirabilis.” Haemophilus in- 
fluenzae resistance to ampicillin is now common. Bac- 
teroides fragilis and a variety of other Bacteroides sp. have 
long been recognized to be resistant to many penicillins 
and cephalosporins. The ability of certain organisms to 
resist the action of B-lactam antibiotics by producing 
B-lactamase has led to well-documented therapeutic 
failures to eradicate the organism.° 

Resistance has generally followed the widespread use 
of new agents. Some organisms are more able to acquire 
resistance than others. The most common mechanism 
of resistance involves bacterial elaboration of antibiotic- 
inactivating enzymes called B-lactamases. For example, 
S. aureus and Enterobacteriaceae commonly produce 
B-lactamase that makes them resistant to penicillin. The 
ability to elaborate B-lactamase enzymes is most com- 
monly acquired when new genetic material is gained 
by the bacteria through transfer of plasmids from other 
B-lactamase—producing bacteria.’ B-Lactamase can also 
be acquired through random chromosomal mutation 
of bacteria followed by the selection of resistant organ- 
isms through the use of antibiotics. 

Other mechanisms of bacterial resistance are present 
for non—f-lactam antibiotics and, depending on the 
organism, these other mechanisms of resistance can 
also inhibit some B-lactam antibiotics. These mecha- 
nisms do not involve enzymatic inactivation. Nonen- 
zymatic inactivation of an antibiotic can occur through 
alteration of the antibiotic target site on the bacterial 
cell, by blocking antibiotic transport within the bacteria 
or by bypassing a metabolic step inhibited by the an- 
tibiotic. The first two mechanisms change the ability of 
the drug to reach its site of activity within the bacteria. 
Examples of this resistance include S. aureus resistance 
to methicillin. A less well-known form of resistance is 
tolerance, in which organisms that are susceptible to 
antibiotic inhibition in vitro are still able to tolerate the 
bactericidal (killing) action of penicillin or cephalospo- 
rin.’ These other mechanisms of resistance will be dis- 
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cussed briefly below to put bacterial resistance in per- 
spective, but the report will emphasize 6-lactamase re- 
sistance. 


Mechanism of action of B-lactam antibiotics 


B-Lactam antibiotics are the most widely used anti- 
biotics. They make up more than one third of the top 
10 drugs sold in the United States. From 20% to 35% 
of the typical hospital budget for drugs is spent on 
cephalosporins alone. They enjoy frequent use both 
because of their effectiveness and because of their low 
toxicity. Penicillins, cephalosporins, and cephamycins 
exert their bactericidal activities by a similar mecha- 
nism. These 8-lactam antibiotics inhibit bacterial cell 
wall synthesis, which ultimately produces cell lysis and 
death. 

The basic penicillin nucleus contains a four-mem- 
bered ®-lactam ring attached to a five-membered thia- 
zolidine ring. Penicillin and its derivatives differ in the 
structures of their side (R) chains. The structure of the 
basic cephalosporin nucleus contains the same four- 
membered -lactam ring as penicillin. However, ceph- 
alosporins have a six-membered dihydrothiazide ring 
attached instead of the thiazolidine ring. Cephalospo- 
rins differ in the structures of the two (x and y) side 
chains. 

It is well known that the cell wall is essential for the 
normal growth and integrity of bacteria. A cross-linked 
peptidoglycan heteropclymer confers the property of 
cell wall rigidity necessary for osmotic stability of the 
bacteria. Penicillin and other B-lactam antibiotics block 
cell wall synthesis by inhibiting transpeptidase cross- 
linking, causing weakness of the wall. A combination 
of mechanical and osmotic instability acts to cause cell 
death.’ 

However, a critical step that must occur before 
B-lactam antibiotics are active is the binding of the an- 
tibiotic to penicillin-binding proteins (Fig. 1). The an- 
tibiotic in the serum reaches the extracellular space 
between bacteria and it penetrates through pores in the 
outer membrane of the cell to reach the periplasmic 
space between the outer and inner cell wall. The inner 
membrane of the cell surrounds the cytoplasm. Peni- 
cillin-binding proteins project into the periplasmic 
space from their attachment to the inner cell mem- 
brane. The B-lactam antibiotic in the periplasmic space 
must attach to the penicillin-binding protein before in- 
hibition of cell wall synthesis can occur. Inhibition of 
cell wall synthesis prevents growth of new bacteria and, 
as previously mentioned, it also causes cell lysis by caus- 
ing mechanical and osmotic instability. 

Cell lysis can also occur directly with higher concen- 
trations of 8-lactam antibiotics through activation of 
cellular autolysins. Although an endogenous intracel- 
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Fig. 2. Action of B-lactamase upon penicillins and cephalosporins, showing the hydrolysis or opening 


of the B-lactam ring. 
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Fig. 3. The presence of B-lactamase in the periplasmic space before and after induction. Greater 
amounts of 8-lactamase result in higher rates of hydrolysis and increased binding of B-lactamase to 
the B-lactam antibiotic. In both cases less drug is available to bind to penicillin-binding proteins 


necessary for antibiotic action. 


lular inhibitor usually prevents cell destruction by au- 
tolysins, B-lactams can allow autolysins to come into 
contact with their substrates (peptidoglycans), which 
causes cell lysis and subsequent cell death.’ 


Mechanisms of organism resistance 
to B-lactamase 


There are several mechanisms by which organisms 
are able to resist the action of B-lactam antibiotics that 
differ, depending on the antibiotic and the organism. 
As mentioned, the enzymatic destruction of an anti- 
biotic is the most common and clinically significant 
manner of antibiotic resistance. Of the three possible 
enzymes that can potentially inactivate antibiotics— 
B-lactamase, amidase, and esterase—only B-lactamase 
is considered to be clinically important. B-Lactamases 
are present in a wide variety of both gram-positive and 
gram-negative bacteria. The enzyme irreversibly dis- 


rupts the amide bond within the B-lactam ring. Since 
the B-lactam ring is the crucial site that confers anti- 
bacterial activity, opening of the ring causes the anti- 
biotic to lose activity (Fig. 2). 

B-Lactamase is located in the periplasmic space be- 
tween the penicillin-binding protein on the inner mem- 
brane and the outer cell membrane. Thus B-lactamases 
surround the penicillin-binding protein sites. When 
penicillin penetrates through the outer membrane to 
reach the periplasmic space, it is susceptible to the ac- 
tion of B-lactamase in the periplasmic space. If B-lac- 
tamase is able to disrupt the B-lactam ring before the 
antibiotic attaches to the penicillin-binding protein site, 
the antibacterial activity is lost. Once the penicillin has 
bound to the penicillin-binding protein, however, in- 
hibition of membrane synthesis occurs and the peni- 
cillin is able to express its activity. Most of the penicillin 
can penetrate and bind to the penicillin-binding pro- 
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Table I. Classification of B-lactamases 


Transmission 
Chromosome II Penicillin 
Chromosome I Cephalosporins 


Chromosome IV Penicillin and cephalosporins 


Plasmid III, V Penicillin and cephalosporins 


Plasmid VI Cephalosporin and penicillin 
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Major substrate Inhibitor Distribution 


Modified from Richmond and Sykes’ and Sykes and Matthew." 


Table II. Examples of cephalosporin resistance to B-lactamases 


Isoxazoly! penicillins S. aureus Major 
Clavulanic acid Proteus sp. Minor 
Sulbactam Pseudomonas sp. Minor 
Isoxazolyl penicillins Enterobacteriaciae Major 
Carbenicillin 
Clavulanic acid E. coli Major 
Sulbactam Klebsiella 
Enterobacter sp. 

Isoxazoly! penicillins Enterobactriaciae Major 
Clavulanic acid 
Sulbactam 
Isoxazolyl penicillin Bacteroides Major 
Clavulanic acid 
Sulbactam 

Relative hydrolysis rate 


I Serratia 273 7.7 0.5 0 9 

I Proteus 164 4.} C 0 0 

I Proteus 234 187 21 0 0 

I Pseudomonas 351 4.2 (i 0 0 
Ill E. coli 28 61 0) 0 0 
III Klebsiella 24 59 0.5 0 0 
IV Klebsiella 20 27 0.5 0 0 


Modified from Vuye."! 


teins when small concentrations of enzyme are present 
in the periplasmic space. However, increased concen- 
trations of enzyme can result if the antibiotic itself in- 
duces further production of B-lactamase. Some of the 
B-lactam antibiotics have the unfortunate property of 
inducing the production of B-lactamase in a number of 
organisms. A high level of B-lactamase allows the en- 
zyme to destroy the antibiotic before attachment to pen- 
icillin-binding protein can occur (Fig. 3). It should be 
mentioned that, although penicillin is usually de- 
stroyed, in a newly described mechanism B-lactamase 
- can also bind to the antibiotic without destruction of 
the penicillin itself.’ 

Several organisms have developed a high level of 
resistance to B-lactam antibiotics through the produc- 
tion of B-lactamase. Highly resistant gram-positive or- 
ganisms include S. aureus and more recently, Staphylo- 
coccus epidermidis. Highly resistant gram-negative or- 
ganisms include Pseudomonas, Klebsiella, and Enterobacter 
and Bacteroides sp., most frequently B. fragilis, Bacte- 
roides bivius, and Bacteroides disiens. Both H. influenzae 
and, more recently, Neisseria gonorrhoeae have also de- 
veloped the ability to produce B-lactamase. A wide va- 
riety of other species produce ®-lactamase less com- 
monly. 

There are other, less important mechanisms that do 
not. involve B-lactamase in which the activity of B-lactam 


antibiotics is reduced. A loss of activity occurring from 
reduced entry of the antibiotic into the microorganism 
is recognized to be particularly important for gram- 
negative bacteria. Gram-negative organisms have a 
more complex outer membrane than gram-positive or- 
ganisms. The phospholipid in the outer membrane of 
gram-negative bacteria acts as a hydrophobic barrier 
that reduces the penetration of B-lactam antibiotics 
through the outer membrane pores (Fig. 1). Alterations 
of the penicillin-binding proteins that prevent penicillin 
attachment have also been proposed as a mechanism 
of reducing the action of penicillin but there is limited 
evidence for this hypothesis at present. 


Classification of B-lactamases 


Various -lactamase classification systems have been 
proposed to assist and clarify enzyme research. To date, 
B-lactamases have been classified by substrate and in- 
hibitor profiles, isoelectric point focusing, immuno- 
genic activity, molecular weight, and genetic origin. 
The Richmond-Sykes classification system? originally 
described B-lactamases on the basis of substrate pro- 
files, but this system was later modified by Sykes and 
Matthew" to combine these profiles with genetic con- 
trol (Table I). 8-Lactamase production can be either 
chromosomally or plasmid mediated. 

‘Chromosomally mediated 8-lactamases occur in most 
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Fig. 4. Interaction of sulbactam, an irreversible B-lactamase inhibitor, with B-lactamases showing 
lethal action of sulbactam preventing regeneration of the enzyme and further hydrolysis. 


organisms. The level of enzyme produced by chro- 
mosomal control is quite variable and ranges from 
barely detectable to high even in the absence of anti- 
biotics. Increased B-lactamase production can occur el- 
ther through spontaneous chromosomal mutation or 
by enzyme induction, a phenomenon that is increased 
by the presence of antibiotics. Penicillinase (Type II), 
cephalosporinase (Type 1), and enzymes that hydrolyze 
both penicillin and céphalosporin (Type IV) are pro- 
duced by chromosomally mediated genetic control. 
Type II penicillinase is present in S. aureus, Proteus sp. 
and Pseudomonas sp. It is inhibited by isoxazolyl peni- 
cillins, such as cloxacillin, and by B-lactamase inhibitors 
discussed below, sulbactam and clavulanic acid (Ta- 
ble I). Type I cephalosporinases are found in Entero- 
bacteriaceae and they are inhibited by tsoxazolyl pen- 
icillins and carbenicillin but not by clavulanic acid. 


Type IV 8-lactarnases that equally hydrolyze penicillins . 


and cephalosporins are present in certain Enterobac- 
teriaceae and they are inhibited by sulbactam and cla- 
vulanic acid. | 

Plasmids are extrachromosomal pieces of deoxyri- 
bonucleic acid that can be carried by bacteria. The extra 
genetic material is commonly transferred from one bac- 
terium to another. Genetic information in the trans- 
ferred plasma can be expressed if the material is in- 
corporated into the host cell chromosome. If the plas- 
mid deoxyribonucleic acid carries a code for antibiotic 
resistance (R plasmid), the host bacteria will develop 
resistance to that antibiotic or antibiotics. Plasmid-me- 
diated resistance is of greater importance than chro- 
mosomally mediated resistance since it is more common 
in nature and it often confers resistance to multiple 
antibiotics at one time. Two categories of R-plasmid— 
mediated B-lactamases exist. One includes Type III B- 
lactamases that are active against both penicillins and 
cephalosporins. These enzymes are the most important 
of the B-lactamases because they are the most common. 
They are present in virtually all Enterobacteriaceae. Of 
the more than 10 Type III B-lactamases, the single most 
ubiquitous is present in 77% of Enterobacteriaceae. 
This enzyme is inhibited by cloxacillin, clavulanic acid, 
and sulbactam (Table I). Type V B-lactamase is also 


plasmid mediated with a profile similar to that of 
Type HI. Type V is produced by E. coli and Pseudomo- 
nas sp. Type VI B-lactamase is produced by Bacteroides. 
The activity of this enzyme is inhibited by the isoxazolyl 
penicillins, clavulanic acid, and sulbactam (Table 1). 


Methods to reduce antibiotic resistance 


There are several tnechanisms to reduce of re- 
verse antibiotic resistance. One sticcessful method has 
been the formulation of B-lactamase—stable antibiot- 
ics. Broad-spectrum penicillins (ampicillin, amoxicillin, 
azlocillin, carbenicillin, mezlocillin, piperacillin, and ti- 
carcillin) and the extended-spectrum cephalosporins 
(cefoxitin, cefamandole, moxalactam, cefotaxime, ce- 
foperazone, cefotetan, etc.) are able to resist the action 
of one or more B-lactamases. The B-lactam rings of 
the broad-spectrum penicillins and extended-spectrum 
cephalosporins are hydrolyzed at a much lower rate 
than penicillin G or cephalothin: An example of the 
slower rate of hydrolysis of cefamandole, cefotaxime, 
moxalactam, and cefoxitin compared with that of ceph- 


‘alothin is provided in Table II." The resistance to 


R-lactamase hydrolysis allows these exterided-spectrum 
G-lactam antibiotics to maintain their aritimicrobial ac- 
tivity despite the presence of enzymes. 

A new method to reduce antibiotic resistance involves 
the combination of a B-lactamase inhibitor with a 
B-lactam antibiotic. There are several types of @-lacta- 
mase inhibitors. Sulbactam and clavulanic acid are two 
B-lactamase inhibitors that are termed suicide. inhibi- 
tors because they irreversibly inactivate B-lactamiases.” 
An example of the sulbactam reaction with B-lactamase 
(E) is provided in Fig. 4. A temporary, inactive B-lac- 
tamase—sulbactam complex is formed before the pro- 
duction of a stable, inactivated B-lactamase—sulbactam 
complex. The irreversible binding of these compounds 
to the.active site of the B-lactamase inhibits the enzyme. 
Both the inhibitor and the enzyme are then irreversibly 
destroyed. The inhibitors themselves have virtually no 
inherent antibacterial activity. Therefore B-lactamase 
inhibitors are combined with a B-lactam antibiotic. The 
inhibitor destroys the B-lactamase, effectively restoring 
the antimicrobial activity of the antibiotic, which would 
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Table III. Minimum inhibitory concentration of ampicillin alone and combined with sulbactam or 


clavulanic acid 


[ 


Geometric minimum inhibitory concentration (gim) 


Ampicillin 


Organism 

S. aureus 

N. gonorrhoeae 40 
E. coli >2000 
H. influenzae >320 
Klebsiella 500 
Klebsiella >2000 
B. fragilis >80 
B. fragilis. 38 





Ampicillin with 


Ampicillin with clavulanic acid, 
sulbactam, 5 ugiml 5 pgiml 
. 0.6 
22° 0.22* 
500 12 
3.5 0.31 
7 1.7 
>500 15.6 
62* 5.5 
E i 0.8* 





Modified from Hunter and Webb. 13 
*] pl/ml. 


Table IV. B-Lactamase inhibitors reduce minimum inhibitory concentration levels 


B. fragilis group (n = 70) 256 
Pigmented Bacteroides group (n = 22) 16 
Other Bacteroides spp. (n = 46) 32 


Modified from Wexler et al.* 


otherwise be impaired by the enzyme. The result is a 
combination with greater antibacterial activity than that 
of the antibiotic alone. This increase in antibacterial 
activity varies, depending on the antibiotic and the in- 
hibitor. 

The role of these inhibitors in combination with a 
B-lactam antibiotic has been investigated in inhibition 
studies, in vitro susceptibility studies, and in vivo. Ta- 
ble III shows an example of the reduction of the min- 
imum inhibitory concentration needed to inhibit or- 
ganisms. when sulbactam or clavulanic acid is combined 
with ampicillin. The minimum inhibitory concentration 
of various organisms to ampicillin alone is consistently 
higher (the antibiotic is less active) than the minimum 
inhibitory concentration of the organism to the com- 
bination of ampicillin-sulbactam or ampicillin—clavu- 
lanic acid. The addition of sulbactam or clavulanic acid 
to ampicillin increased the activity of that antibiotic." 

This is demonstrated in Table IV, where the 90% 
minimum inhibitory concentration of three different 
Bacteroides species is compared for ampicillin, chlor- 
amphenicol, clindamycin, metronidazole, and the com: 
bination of ampicillin-sulbactam. A total of 272 strains 
of anaerobic bacteria were tested.’ Ampicillin-sulbac- 
tam was significantly more effective against B. fragilis 
and the other Bacteroides sp. than ampicillin alone. 
While the addition of B-lactamase inhibitors increases 
the activity of ampicillin, amoxicillin, ticarcillin, or 
cephalothin, 6-lactamase inhibitors do not enhance the 


90% Minimum inhibitory concentration (g/ml) 


Ampicillin- 
Ampicillin sulbactam Chloramphenicol Clindamycin Metronidazole 


4 


256 
. 0.125 ? 
B 2 4 


activity of all B-lactam antibiotics. The addition of 
B-lactamase inhibitors does little to enhance the activity 
of the newer, 8-lactamase—stable antibiotics cefaman- 
dole, cefotaxime, moxalactam, or cefoxitin." 


Frequency of B-lactamase—producing bacteria in 
a review of obstetric-gynecologic infection 


Thirty-six reports of infections in obstetrics and gy- 
necology published between 1973 and 1986'**' were 
selected. Also included were 84 patients with postpar- 
tum endometritis at the University of Washington, in 
whom cultures were obtained as previously described” 
but the results have not yet been reported. In all re- 
ports, modern culture methods were used to recover 
organisms from infected areas. Enough patients had to 
be enrolled to provide a valid sample and the cultures 
had to be obtained from sites that are considered to be 
sterile in the uninfected patient. Organisms were iso- 
lated from the endometrium of women with postpar- 
tum endometritis!*** 28.27. 32, 33, 40, 49. 5°. the cul-de-sac, ab- 
domen, or tubes from women with acute pelvic inflam- 
matory disease****; blood from patients with a wide 
variety of infections’” 7539% 3.10. 41; and wound and ab- 
scesses of women who had gynecologic operation.*» * 
A final category in which the various infected sites 
could not be separated was also included (mixed in- 
fection). 16, 18, 25, $4, 37, $9, 42 

The isolates reported in these studies were coded into 
a software program in which 29 individual aerobic spe- 
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Table V. Percent of organisms from obstetric and gynecologic infections that produce B-lactamase 


















Source of recovery 







Total Endometrium Gynecologic Mixed 
(n = 2687*) | (n = 1170) in = 43) | (n = 566) 
§-Lactamase (%) (%) (%) (%) 
Aerobes 
Gram-positive 
S. aureus + 2 2 <l 3 ] ] 
S. epidermidis 5 6 2 2 6 6 
Streptococci, other = 28 30 24 32 37 26 
Gram-negative 
Enterobacteriaciaz + 13 14 6 26 30 13 
Gonococci, G. vaginalis = 5 2 ll 4 0 9 
Anaerobes 
Gram-negative 
Bacteroides + 7 9 7 3 0 7 
Bacteroides = 10 9 8 g 5 13 
Other anaerobes — 5 6 5 ] 3 3 
Gram-positive — 24 22 37 20 17 22 
Total No. of isolates 6637 3377 964 419 78 1799 
Data compiled from 36 studies published from 1973 to 1985.165! 
*n = Number of patients. 
Table VI. Number of B-lactamase—-producing organisms recovered from obstetric and 
gynecologic infections 
Source of recovery 
+ 1483 817 125 134 25 382 
+ 1008 512 96 46 9 345 
- 4146 2048 743 239 44 1072 
Total 3367 3377 964 419 78 1799 


Data compiled from 36 studies published from 1973 to 1985. 


cies, 18 individual anaerobic species, genital mycoplas- 
mas, Chlamydia trachomatis, Trichomonas vaginalis, and 
Candida sp. were recorded. The bacterial species were 
then further divided into those isolates highly likely to 
produce B-lactamase (+), those isolates that have vari- 
able B-lactamase activity (+), and isolates that have a 
low prevalence of B-lactamase activity (—). It is em- 
phasized that actual B-lactamase production was not 
reported in any of these studies and an estimate of the 
prevalence of B-lactamase activity was derived from 
in vitro data. No estimate was attempted of the con- 
centration of B-lactamase that might be expected from 
the organisms. The organisms were then stratified ac- 
cording to expected high, variable, and low B-lactamase 
activity as shown in Table V. Infections occurred in a 
total of 2687 individuals in these 36 studies. A total of 
6637 bacterial species were recovered at a rate of 2.5 
organisms per patient. 

A consistent prevalence of organisms in the three 
B-lactamase categories was demonstrated by the wide 
variety of obstetric and gynecologic infections listed. 
Facultative and anerobic gram-positive isolates and an- 


aerobic gram-negative isolates in particular were re- 
covered at similar rates in all of the infected sites. En- 
terobacteriaceae were less commonly isolated from the 
tubes—abdomen—cul-de-sac of women with acute pelvic 
inflammatory disease than from other infections. En- 
terobacteriaceae were also more frequently reported 
from the blood or abscesses than from other sites. 

S. aureus, a frequent B-lactamase producer, ac- 
counted for 2% of the total isolates. S. epidermidis, a 
variable B-lactamase producer, accounted for 5% of 
isolates. Other facultative streptococci and other gram- 
positive organisms accounted for approximately 28% 
of total isolates. As mentioned, the proportion of iso- 
lates in these categories was consistent between infected 
sites. Enterobacteriaceae (in order of their frequency: 
E. coli, Proteus mirabilis, Klebsiella sp., Enterobacter sp., 
and Citrobacter sp.) and Pseudomonas sp. accounted for 
13% of all isolates. Virtually all Enterobacteriaceae pro- 
duce B-lactamase. N. gonorrhoeae and Gardnerella vagi- 
nalis each accounted for about 2.5% of the total isolates. 
These two organisms only infrequently produce B-lac- 
tamase. 
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Two frequent B-lactamase~producing gram-negative 
anaerobic bacteria, B. bivius (3.9%) and B. fragilis 
(3.6%), together were present in more than 7% of the 
total organisms isolated. Other Bacteroides sp., including 
Bacteroides melaninogenicus, that variably produce B-lac- 
tamase were found in 10% of the total isolates. Anaer- 
obes that infrequently produce B-lactamase accounted 
for the remaining 29% of isolates. 

In a summary of these findings, organisms expected 
to frequently produce B-lactamase were present among 
1483 (22%) of the total 6637 isolates obtained from 
obstetric-gynecologic infections. An additional 15% of 
the total organisms isolated would be expected to vari- 
ably produce B-lactamase. The proportion of potential 
B-lactamase—producing organisms showed only mini- 
mal variability among the various infected sites (Ta- 
ble VI). Although a mean of 2.5 organisms were iso- 
lated per patient, most of the patients would be ex- 
pected to have only one of the B-lactamase producers. 
The actual number of patients who had more than one 
B-lactamase producer could not be determined from 
the data provided in these studies. From these data, it 
can be estimated that 20% to 30% of the obstetric and 
gynecologic infections contained organisms that pro- 
duce $-lactamase. 

The high proportion of B-lactamase—producing or- 
ganisms in obstetric-gynecologic infections can have 
several consequences. One is the immediate resistance 
of the infecting organism to B-lactam antibiotics. The 
effectiveness of B-lactamase—stable antibiotics in the 
treatment of obstetric-gynecologic infections has be- 
come widely recognized. The use of new B-lactamase 
inhibitors such as sulbactam or clavulanic acid in com- 
bination with B-lactam antibiotics should also be useful 
in providing further resistance against B-lactamase and 
improving treatment results. Further experience with 
these new combinations is necessary. 

The recovery of certain, less virulent B-lactamase— 
producing organisms such as S. epidermidis from in- 
fected upper genital tract sites has often not been con- 
sidered particularly significant. However, the produc- 
tion of B-lactamase by one organism may potentially 
reduce the effective local B-lactam antibiotic level 
enough to influence successful therapy. In the throat, 
B-lactamase production by normal mouth flora reduces 
the rate of successful group A streptococci eradication 
by penicillin.” The failure of penicillin to consistently 
eliminate N. gonorrhoeae from the rectum has been at- 
tributed to the production of B-lactamase by rectal 
flora. Thus B-lactamase production by organisms of 
seemingly low virulence in the upper genital tract could 
theoretically be a cause of failure of antibiotic therapy 
to eradicate otherwise sensitive organisms from the up- 
per tract. In addition, B-lactamase production by nor- 
mal vaginal flora has not been studied, but it could be 
an explanation for the inability of ampicillin to eradi- 
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cate group B streptococci from lower genital tract sites. 
Another possibility, particularly after antibiotic pro- 
phylaxis, is that vaginal f-lactamase production con- 
tributes to the selection of a wide variety of organ- 
isms, including those that do not produce f-lacta- 
mase. The persistence of one virulent organism in the 
vagina because of protection from another nonvirulent 
but B-lactamase—producing organism could contribute 
flora that subsequently causes upper tract infection. 
This circumstance would be particularly likely after ce- 
sarean section or prophylaxis associated with gyneco- 
logic operations. 

An increase in the number of B-lactamase—producing 
organisms has been noted among women who have 
failure of therapy, and at least one fourth of patients 
can be expected to have infections that require treat- 
ment with antibiotics that are resistant to ßB-lacta- 
mases.** *° Many obstetric-gynecologic infections in- 
volve B-lactamase—producing organisms. The use of 
newer broad-spectrum penicillins and cephalosporins 
has resulted in a higher cure rate compared with that 
of antibiotic regimens that do not contain §-lactamase— 
stable agents.** The combination therapy with B-lacta- 
mase inhibitors and B-lactam antibiotics should also re- 
sult in high cure rates. It is now necessary to initiate 
treatment of most obstetric and gynecologic infections 
with either §-lactamase-stable antibiotics or the com- 
bination of B-lactamase inhibitors and a B-lactam an- 
tibiotic. 
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Induction of 8-lactamase enzymes: Clinical applications for 


the obstetric-gynecologic patient 


David L. Hemsell, M.D. 
Dallas, Texas 


The emergence of bacteria resistant to antibiotics has resulted in intensive research for new and improved 
B-lactam antibiotics. Many improvements in antimicrobial agents are based on a knowledge of the 
mechanism responsible for resistance. This has led to the development of new extended-spectrum 
antibiotic compounds. However, several features have been noted since the development of 
extended-spectrum antibiotics, such as the rapid development of bacterial. resistance, the induction of 
-lactamase enzyme activity by these stable antibiotics, failure to detect induced enzyme activity and 
resistance in the laboratory, and B-lactam antagonism. The resistance of bacteria to antimicrobial agents 
has obvious impact on the selection of appropriate therapy against infections caused by these pathogens. 
Gram-negative anaerobic bacteria, such as Bacteroides fragilis and Bacteroides bivius, are organisms 
frequently recovered from women whose initial therapy for pelvic infection failed. The transfer of 
antimicrobial resistance in bacteria indicates that these organisms have a system for the spread of such 
resistance. Therefore determination of antimicrobial susceptibilities and prompt eradication of isolates from 
infected patients are necessary to delay the emergence of resistant organisms. (AM J OBSTET GYNECOL 


1987;156:504-6.) 
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Before the introduction of penicillin in 1941, Abra- 
ham and Chain’ had reported the observation that an 
enzyme produced by Escherichia coli prevented the bac- 
tericidal activity of benzylpenicillin. There has been a 
rapid expansion of the B-lactam technology during the 
past 45 years. The intensive search for new and im- 
proved B-lactam antibiotics has arisen because of the 
development of resistance to antibiotics in the clinical 
setting. 

Three variables impact on the ability of bacteria to 
develop antibiotic resistance, including alterations in 
the structure or affinity of penicillin-binding proteins, 
alterations to cell membrane permeability, and pro- 
duction of B-lactamase enzymes. Current drug research 
has been aimed at developing -lactam antibiotics that 
are resistant to the principal means of antimicrobial 
inactivation by bacteria—the production of B-lactamase 
enzymes. 


B-Lactamase enzyme production 


The production of B-lactamase in bacteria may be 
mediated through extra chromosomal genetic infor- 
mation, termed R factors or plasmids, or it can be chro- 
mosomally mediated. Most B-lactamase production is 


From the Department of Obstetrics and Gynecology, University of 
Texas Health Science Center. 

Reprint requests: Dr. David L. Hemsell, University of Texas Health 
Science Center, Department of Obstetrics and Gynecology, G62 16, 
5323 Harry Hines Blvd., Dallas, TX 75235. 


504 


plasmid mediated rather than chromosomally medi- 
ated.* There are, however, several bacteria that possess 
a chromosomally mediated ability to dramatically in- 
crease the production of B-lactamase after exposure to 
an inducer, the principal inducers being the 6-lactam 
antibiotics. 

B-Lactamase activity sites vary among the different 
bacteria. In gram-negative bacteria, the predominant 
B-lactamase activity occurs within the inner and outer 
cell wall membranes in the periplasmic space. For gram- 
positive bacteria such as Staphylococcus aureus, the 
B-lactamase exerts its activity extracellularly. Several 
B-lactamases have been identified in gram-negative 
aerobic bacteria. The Richmond and Sykes classification 
system’ was developed to categorize these enzymes. 

Class I enzymes are chromosomally mediated and 
have cephalosporins as their primary substrate. The 
genetic expression of these enzymes is that they are 
inducible. The clinical pathogens in which they are seen 
are the gram-negative aerobic pathogens Enterobacter, 
Citrobacter, Serratia and Proteus sp., and Pseudomonas 
aeruginosa. 

Class II B-lactamases are clinically rare and have pen- 
icillins as their primary substrate. They are chromo- 
somally mediated and constitutive, or produced at a 
constant rate. 

The principal gram-negative B-lactamase enzyme ob- 
served in bacteria recovered from the obstetric and 
gynecologic patient population is in the Class III cat- 
egory. The substrates for these enzymes are both pen- 
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icillins and cephalosporins, and the enzyme is produced 
constitutively. These enzymes are plasmid mediated 
and account for approximately 85% of B-lactamases 
observed. The clinical pathogens secreting these en- 
zymes are Neisseria gonorrhoeae, Haemophilus influenzae, 
Pseudomonas aeruginosa, and various species in the En- 
terobacteriaceae family. 

Class IV B-lactamases are active against both peni- 
cillins and cephalosporins and are chromosomally me- 
diated. They are constitutive and are seen uncom- 
monly, primarily in Klebsiella sp. 

Class V enzymes are effective against penicillins; 
cephalosporins, and isoxazolyl penicillins. This class 
constitutes the remaining 15% of the plasmid-mediated 
B-lactamase production. This enzyme is also constitu- 
tive and is found primarily in Pseudomonas sp. and in 
species of the Enterobacteriaceae family. 

The B-lactamase secreted by gram-positive aerobic 
bacteria is effective primarily against penicillins and is 
inducible. It has been observed in both Staphylococcus 
aureus and Staphylococcus epidermidis. 


B-Lactam antibiotics 

Several of the B-lactam antibiotics, including the pen- 
icillin and ampicillin families and the first-generation 
cephalosporins, are generally susceptible to B-lacta- 
mase. The enzyme binds to and hydrolyzes the B-lactam 
ring, thus rendering the antimicrobial ineffective. The 
ineffective metabolite is released, and the B-lactamase 
that is still active inactivates another antimicrobial mol- 
ecule. 

Current research has been aimed at the development 
of antimicrobials that are B-lactamase stable. Some of 
these newer antibiotics include methicillin, nafcillin, the 
oxacillins, second- and third-generation cephalospo- 
rins, penems, and thienamycin. While it was believed 
that these newer antibiotics would resist enzymatic 
degradation; induction of B-lactamase enzyme activity 
by these erizyme-stable antibiotics has recently been 
observed.° 


B-Lactamase induction 


Recent studies have demonstrated that bacteria pos- 
sessing inducible B-lactamases may develop resistance 
to a variety of B-lactam antibiotics. It appears that the 
enzyme induced in bacteria is either reversible, if the 
inducer is a Q-lactam antibiotic, or irreversible, if 
overproduction of the enzyme occurs as a result of 
mutation. The B-lactamase enzyme, once induced, ren- 
ders the strain resistant to many B-lactam antibiotics, 
including the newer, more stable compounds that are 
not hydrolyzed by-the enzymes. Enzyme-antimicrobial 
binding does occur, but it is nonhydrolytic, which ap- 
parently acts as a stimulus to dramatically increase the 
production of B-lactamase enzyme. When mutation oc- 
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curs, resistance to a multiplicity of antibiotics in specific 
organisms or bacteria is observed. 


Enzyme inducer activity | 


Primary. research lias involved exposure of certain 
bacteria to various antibiotics in order to establish an 
inducer profile. One such study using Enterobacter cloa- 
cae demonstrated that low inducers, that is, the anti- 
biotics that do not stimulate bacteria to increase their 
production of B-lactamase enzyme, are methicillin, pi- 
peracillin, and cefoperazone.* Intermediate inducers 
observed were carbenicillin, cefotaxime, and cefurox- 
ime and high inducers included cefazolin; cephalothin, 
cefamandole, cefoxitin, moxalactam, and clavulanic 
acid. 

These results identify a problem with the enzyme- 
induction concept since, theoretically, the antibiotic that 
is resistant to the hydrolytic activity of the 8-lactamase 
should be the inducer. Contrariwise, those that serve 
as a good substrate for hydrolytic activity and are de- 
stroyed should not be high inducets of enzyme pro- 
duction. Additionally, this phenomenon may be strain- 
dependent. In another study that added further con- 
founding data, induction of B-lactamase was studied in 
an E. cloacae strain isolated from a clinical specimen. . 
Large amounts of the enzyme were induced in the pres- 
ence of B-lactams. In this study, cefoxitin and mezlo- 
cillin were low inducers, while penicillin and moxalac- 
tam were high inducers. Other cyclic structures may 
also induce enzyme activity; these include folic acid, 
hemin, trypticase soy broth, human serum, pleural 
fluid, cerebrospinal fluid, and Schaedler’s broth. Ce- 
foxitin was most potent as an inducer in trypticase soy 
broth. . 

The importance of the induction of §-lactamase en- 
zymes in clinical medicine is unknown: This phenom- 
enon has been observed in the laboratory in bacteria 
recovered from patients whose antibiotic therapy was 
successful or unsuccessful. The identification of this 
phenomenon does not therefore imply clinical rel- 
evance. S 

Detection of induced enzyme activity is relatively dif- 
ficult to identify in the laboratory. Microdilution and 
disk diffusion techniques do not identify induction un- 
til after it has become clinically evident. The clinical 
manifestation of enzyme induction is either a failure to 
respond to therapy or the development ofa superin- 
fection. Enzyme induction in the laboratory, however, 
can be confirmed with the macrodilution technique and 
use of an inoculum of +10° cfu/ml of organisms. 

Another distressing phenomenon that has been ob- 
served i is that of B-lactam antagonism. The potential 
for antagonism between some of the newer -lactam 
antibiotics lies in the ability of the enzyme-stable anti- 
biotics to act as inducers of B-lactarnase. The drug- 
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induced enzyme hydrolyzes or creates a barrier against | 


access to target proteins. 

Antagonism has béen observed specifically with ce- 
foxitin both in vivo and in vitro.® It is seen when ce- 
foxitin and other ß-lactam antibiotics are combiried and 
administered for an infection caused by bacteria with 
the inducible enzyme system. It is also seen clinically 
when a B-lactam antibiotic is given as pretreatment or 
prophylaxis or when treatment is given with subinhib- 
itory dosing. Research in this field indicates that it is 
the responsibility of the microbiologist to identify the 
bacteria meiitioned above, bacteria that have the po- 
tential for inducing the production of B-lactamase, and 
to inform the physician so that he or she can find al- 
ternative therapy to the -lactam antimicrobials should 
there be evidence of clinical failure. 


Consequences for the obstetric-gynecologic 

patient 

Most obstetric and gynecologic patients do not de- 
velop pelvic infections caused by organisms in which 
B-lactamase enzyme induction is a problem. However, 
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there does seem to be increasing antibiotic resistance 
because of several factors, including prolonged anti- 
microbial prophylaxis, that may accelerate the problem 
of altered resistance patterns, in addition to induced 
resistance. 


REFERENCES 


l. Abraham EP, Chain E. An enzyime from bacteria able to 
destroy penicillin. Nature 1940; 146:837. 

2. Richmond MH, Sykes RB. The beta-lactamases of gram- 
negative bacteria and their possible physiological role. Adv 
Microb Physiol 1973;9:31. 

3. Sanders CC. Novel resistance selected by the new ex- 
panded-spectrum cephalosporins: a concern. J Infect Dis 
1983; 147:585. l 

4. Minami S, Yotsuji A, Inoue M, Mitsuhashi S. Indüction of 
B-lactamase by various B-lactam antibiotics in Enterobacter 
cloacae. Aritimicrob Agents Chemother 1980; 18:382. 

5, Cullman W, Dalhoff A, Dick W. Nonspecific inductor of 
B-lactamase in Enterobacter cloacae. J Gen Microbiol 1984; 
130:1781. 

6. Sanders CC, Sanders WE, Goering RV. In vitro antagonism 
of beta-lactam antibiotics by cefoxitin. Antimicrob Agents 
Chemother 1982;21:968. 


Ampicillin/sulbactam versus metronidazole-gentamicin in the 
treatment of soft tissue pelvic infections 


William R. Crombleholme, M.D., Marilyn Ohm-Smith, Marilyn O. Pee 


Vicki DeKay, and Richard L. Sweet, M.D. 
San Francisco, California’ 


The clinical efficacy and safety of ampicillin/sulbactam versus metronidazole-gentamicin were evaluated in 
a comparative, randomized, prospective study. Forty-four patients were enrolled: 22 received the 
ampicillin/sulbactam regimen, and 22 received the metronidazole-gentamicin combination. There were 33 
cases of severe acute pelvic inflammatory disease, two tuboovarian abscesses, five cases of l 
endomyometritis, and two cases of posthysterectomy pelvic cellulitis. Aerobic and anaerobic cultures from 
the infection sites- yielded 447 microorganisms from 44 patients (an average of 10 bacteria per infection: 
6.4 anaerobes and 3.7 aerobes). The most frequent isolates were Bacteroides sp., 54; Bacteroides bivius, 
17; black-pigmentéd Bacteroides, 12; Bacteroides disiens, 11; Fusobacterium, 13; Peptostreptococcus 
anaerobius, 24; Peptostreptocaccus asaccharolyticus, 21; anaerobic gram-positive cocci, 34; Gardnerella 
vaginalis, 29; Neisseria gonorrhoeae, 17; a-hemolytic streptococci, 15; and Escherichia coli, five. Clinical 
cure was noted in 19 of 20 patients treated with ampicillin/sulbactam and 18 of 21 patients treated with 
metronidazole-gentamicin. One treatment failure occurred in the ampicillin/sulbactam group in a patient 
who required antichlamydial therapy and had a complex left adnexal mass consistent with an abscess. 
The cases of metronidazole-gentamicin failure included two patients initially diagnosed as having 
tuboovarian abscesses who required a change in antibietic therapy to control the infections. The third 
patient had postabortion endomyometritis that did not respond to metronidazole- -gentamicin therapy within 
48 hours, and required a change of medication. No adverse hematologic, renal, or hepatic effects were 
noted in either. group of patients. (Ay J OBSTET GYNECOL 1987; 156 507-12, ) : 


Key words: Pelvic T NA ampicillin, gentamicin metronidazole 


Although an array of antimicrobial agents are cur- 


rently available today, soft tissue pelvic infections con- 
tinue to be a major cause of morbidity in obstetric and 
gynecologic patients.! The most common soft tissue pel- 
vic infections diagnosed in a gynecologic- -obstetric ser- 
vice include posthysterectomy pelvic cellulitis, vaginal 
cuff abscess, pelvic abscess, pelvic inflammatory disease, 
tuboovarian abscess, post—cesarean section infection, 
endomyometritis, septic abortion, and septic pelvic 
thrombophlebitis.? oie 

The pathogens responsible for soft tissue pelvic in- 
fections include a wide variety of aerobic and anaerobic 
organisms. The aerobic organisms include Escherichia 
coli, group B streptococci, and other facultative strep- 
tococci. The anaerobic organisms include: Bacteroides 
bivius, other Bacteroides, and peptostreptococci. Of the. sey- 
eral underlying causes and characteristics of these in- 
fections, two are of particular.importance. First, many 
of the organisms responsible for obstetric and gyne- 
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cologic EN (with the exception of Chlamydia tra- 
chomatis, Neisseria gonorrhoeae, and group A streptococci) 
arise from the normal flora of the lower genital tract. 
Second, many of these infections have a “polymicrobial 
etiology”; *; that is, these infections are due to multiple 
organisms including mixtures of anaerobes and aerobic 


‘organisms or mixtures of anaerobic bacteria. - 


Study results accumulated during the last 5 years 
have underscored the importance of initial antimicro- 
bial ‘therapy aimed at eradicating resistant anaerobes, 
particularly Bacteroides. iii Several studies have exam- 
ined the effectiveness of single- agent and multiple- 
agent therapies including clindamycin-aminoglycoside, 
metronidazole- -aminoglycoside, and, more recently, 
such combinations as clindamycin- -aztreonam.®* Sev- 
eral single- agent regimens have been’ shown prospec- 
tively to be fairly effective in treating mixed pelvic in- 
fections.™™? These agents include second- and third- 
generation cephalosporins, the extended- -spectrum 
penicillins, and some of the newer cephalosporin-re- 
lated compounds. 

„An alternative option to the treatment of. mixed 
anaerobic-aerobic infections associated with resistant 
B-lactamase enzyme—producing bacteria has been sug- 
gested. This approach entails the use of a B-lactamase 
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Table I. Patient population 





Age (yr) 

` Range 
Mean + SD 

Race 
White 
Black 
Hispanic 
Asian 

Gravidity 
Range 
Mean + SD 

Parity 
Range 
Mean + SD 

Temperature (°C) 
Range 
Mean + SD 


37.0 - 40.1 
38.1 + 0.8 


18-72 
29.0 + 12.1 


1.9 + 1.4 


0-4 
0.9 + 1.0 


36.8 - 39.7 
38.3 + 0.7 


White blood cell count 
(No. x 1000/mm*) 
Range 5.0 -21.1 
Mean + SD 10.8 + 4.2 
Duration of therapy : 
(days) 
- Range 3-7 2-11 
Mean + SD 52 2 11 5.74 1.9 


6.5 - 22.3 
13.0 + 4.8 


enzyme inhibitor combined with an available B-lactam 
antimicrobial agent such as ampicillin, amoxicillin, or 
ticarcillin. The result is an enhanced spectrum of ac- 
tivity against B- lactamase enzyme—producing bacteria, 
including E. coli, B. bivius, and penicillinase- producing 
N. gonorrhoeae. 

The randomized, prospective study reported herein 
was designed to evaluate the safety and efficacy of 
the combination therapy ampicillin/sulbactam as com- 
pared with metronidazole-gentamicin in the treatment 
of mixed aerobic and anaerobic soft tissue pelvic in- 
fections. i 


Material and methods 


The study was conducted in hospitalized women 18 
years of age or older, at San Fraricisco General Hospital, 
San Francisco, California; with a documented or clinical 
diagnosis of mixed aerobic-anaerobic pelvic infection. 
Excluded from the study. were pregnant or lactating 
women; patients who were allergic to penicillins, ceph- 
alosporins, aminoglycosides, or metronidazole; those 
with impaired renal function (serum creatinine >1.8 
mg/100 ml); those with a family history of glycogen 
storage disease or recurrent hypoglycemia; or those 
with a history of unstable cardiovascular, hepatic, renal, 
or neurological disease. . 

The patients underwent a series of pretreatment lab- 
oratory tests which served as baseline values and were 
repeated every 4 days. These tests included complete 
blood count with differential and platelet counts, total 
bilirubin, serum glutamic oxaloacetic transaminase, se- 
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rum glutamic pyruvic transaminase, alkaline phospha- 
tase, direct Coombs test, serum creatinine, urinalysis, 
serum pregnancy test by the B-subunit of human cho- 
rionic gonadotropin (on admission), and hepatitis B 
surface antigen (on admission). Blood specimens were 
taken and cultured for anaerobic and facultative or- 
ganisms on admission before the start of antibiotic ther- 
apy. Cervical cultures were performed only for N. gon- 
orrhoeae and C. trachomatis. Endometrial brush samples 
were taken with a double-lumen catheter and the spec- 
imens were cultured for N. gonorrhoeae, C. trachomatis, 
Mycoplasma hominis, and Ureaplasma isrealyticum, as well 
as for anaerobic and facultative organisms by means of 
methods previously described." Culdocentesis was per- 
formed to obtain peritoneal fluid in patients with post- 
hysterectomy cuff cellulitis. Isolates were tested for 
B-lactamase production using discs (Cefinase, BBL, 
Cockeysville, Maryland). 

Patients were then randomized prospectively to re- 
ceive one .of two antibiotic regimens. The ampicil- 
lin/sulbactam (A/S) group received ampicillin, 2 gm, 
and sulbactam, 1 gm, intravenously every 6 hours. The 
metronidazole-gentamicin (M-G) group received met- 
ronidazole, 15 mg/kg intravenously as a loading dose, 
then 7.5 mg/kg intravenously every 6 hours in com- 
bination with gentamicin, 1.5 mg/kg intravenously 
every 8 hours. Therapy continued until patients be- 
came afebrile and were without clinical signs of infec- 
tion for 48 hours or until clinical judgment dictated 
cessation of therapy. Generally the antibiotics were ad- 
ministered for at least 5 days. 

Forty-four patients were enrolled in the study, half 
in the A/S group and half in the M-G group. The 
A/S group included 14 patients with acute pelvic in- 
flammatory disease, two with tuboovarian abscesses, 
four with endomyometritis, and two with posthyster- 
ectomy pelvic infections. The M-G group included 19 . 
patients with pelvic inflammatory ‘disease, one with 
tuboovarian abscess, one with endomyometritis, and 
one with posthysterectomy infection. 

Patient population. The 44 patients in this study 
were representative of the general clinic patient pop- 
ulation at San Francisco General Hospital (Table I). 
Demographically the patients in both groups were sim- 
ilar with respect to age, racial background, gravidity, 
and parity. Clinically the patients were also similar. The 
A/S group had a slightly lower mean white blood cell 
count, 10.8 compared with 13.0 in the M-G group. 
Duration of therapy was also similar in both groups, 
5.2 versus 5.7 days. 

Pretreatment cultures. The results of the direct plate 
and broth cultures were typical for what might be ex- 
pected in patients with soft tissue pelvic infections, that 
is, a large number of mixed aerobic and anaerobic or- 
ganisms, particularly Bacteroides. Table II shows the 
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Table II. Aerobic isolates from pretreatment cultures 





Organism 


Gram-positive cocci 30 
Stapaylococcus aureus 
Coagulase-negative staphylococci 
Group B streptococci . 
Group D streptococci, not enterococci 
Enterococci 
a-Hemolytic streptococci 
Nonhemolytic streptococci, not group B or D, 
Streptococcus viridans 

Gram-negative cocci 8 
N. gonorrhoeae 

Gram-positive rods 22 
Lactobacilli 
Diphtheroids 

Gram-negative rods 26 
Garanerella vaginalis 
Unidentified corvneform organisms 
E. ccl 
P. mirabilis 
Haemophilus influenzae 


aerobic isolates from pretreatment cultures. The gram- 
positive organisms included primarily Staphylococcus ep- 
idermidis and hemolytic and nonhemolytic streptococci. 
N. gonorrhoeae was the most commonly encountered 
gram-negative organism. Gardnerella vaginalis was also 
frequently cultured, although mainly in primary plates 
rather than broth cultures. Table IH lists the anaerobic 
isolates from the pretreatment cultures. The most com- 
mon gram-positive organisms cultured were peptostrep- 
tococct, including Peptostreptococcus asaccharolyticus, Pep- 
tostreptococcus anaerobius, and Peptostreptococcus tetradius. 
The Bacteroides were the most common gram-negative 
anaerobes cultured. B. bivius was the most frequent 
isolate of the gram-negative anaerobes cultured. Also 
commonly seen were Bacteroides disiens, Bacteroides cap- 
illosus, and black-pigmented Bacteroides. Of particular 
interest is the finding in four patients of Mobiluncus sp. 
isolated from the upper genital tract. In addition, 
M. hominis was commonly isolated, while Ureaplasma 
urealyticum was not. C. trachomatis was also isolated from 
patients with pelvic inflammatory disease. 


Results 


Table IV shows the clinical response of those patients 
receiving the A/S regimen and those receiving the 
M-G regimen. One patient in the A/S group with a 
clinical diagnosis of pelvic inflammatory disease and a 
right adnexal mass was excluded. Laparoscopy revealed 
a right ovarian cyst, no visual evidence of infection, and 
essentially no growth from cervical and endometrial 
cultures. One patient in the M-G group with a clinical 
diagnosis of pelvic inflammatory disease was excluded; 


No. of isolates from | No. of isolates 
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No. of isolates from | No. of isolates 
rom prima etreatment rom prima 
primary pr primary 
plates cultures plates 






18 
l l 0 0 
I] 6 5 3 
2 1 l 0 
3 2 3 ] 
l l l l 
7 4 8 2 
5 3 2 l 
0 0 ] l 
8 9 9 
8 8 
17 19 14 
14 9 ll 9 
8 8 8 5 
25 30 26 
14 13 15 13 
8 8 11 10 
3 3 2 l 
0 0 I l 
1 1 l 1 


she left the hospital against medical advice on the third 
hospital day. Clinical cure was defined as a response to 
the antimicrobial combination alone without the need 
for surgical intervention or additional therapeutic 
agents. A/S proved to be as effective as M-G in treating 
mixed aerobic and anaerobic soft tissue pelvic infec- 
tions in our groups of patients. In the 21 patients who 
completed treatment in the A/S group, clinical cure was 
demonstrated in 16 (76%) and in 16 of the 21 in the 
M-G group. Another three patients (14%) in the A/S 
group and two (9%) in the M-G group demonstrated 
clinical cure after doxycycline was added to the regimen 
to treat chlamydial infections., When these subsets are 
combined, the A/S group demonstrated a 90% cure 
rate compared with an 85% clinical cure rate in the 
M-G group. 

One patient in the A/S group was considered to be 
a clinical failure because she developed an allergic re- 
action and had to stop taking the medication. There 
were no allergic reactions in the patients receiving 
M-G. One additional patient in the A/S group and three 
in the M-G group were considered to be treatment 
failures. The patient in the A/S group had acute pelvic 
inflammatory disease and did not respond to A/S treat- 
ment within 3 days. Results of a sonographic exami- 
nation showed a complex cystic mass in the left adnexa, 
which may have been present at the time of admission 
but was obscured by peritoneal and pelvic tenderness. 
Antibiotic therapy was changed to tobramycin plus clin- 
damycin and the patient responded. Among the three 
treatment failures in the M-G group, two patients had 
pelvic inflammatory disease and a tuboovarian abscess. 
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Table III. Anaerobic isolates from pretreatment group 


AIS (N = 22) 
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M-G {N = 21) 
















Organism - 


Gram-negative rods 60 
B. bivius 
B. capillosus 
B. disiens 
B. fragilis group 
Black-pigmented Bacteroides 
Bacteroides sp. 
Gram-negative rods . 14 
Fusobacterium sp. 
Unidentified anaerobic gram-negative rods 
Mobiluncus 
Gram-positive rods 13 
Lactobacillus sp. 
Bifidobacterium sp. 
Eubacterium sp. 
Actinomyces sp. 
Unidentified anaerobic gram-positive non- 
sporing rod 
Clostridium innocuum 
Clostridium perfringens 
Gram-positive cocci 52 
P. tetradius 
P. asaccharolyticus 
P. magnus 
P. prevotit 
P. anaerobius 
Unidentified anaerobic gram-positive cocci 
Gram-negative cocci 6 
Veilloneila parvula 
Unidentified anaerobic gram-negative 
cocci 
Other 
Mycoplasma sp. 
Ureaplasma urealyticum 
Chlamydia trachomatis 


No. of isolates from 
pretreatment group 


No. of isolates 
from primary 
plates 

33 43 25 


No. of isolates 


from primary 
plates 
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Table IV. Clinical response with A/S regimen 
and M-G regimen 





Clinical cure 16 76 I6 76 

Clinical cure plus doxycycline 3 HKM 2 9 

Failure (secondary to drug l 5 0 0 
reaction) 

Clinical failure I 5 3 14 


When the first patient had not responded to therapy 
within 3 days, a sonographic examination showed a 
cystic mass in the right adnexa. Clindamycin was added 
to the treatment regimen. The condition of the patient, 
however, did not improve and she underwent a uni- 
lateral salpingectomy. The second patient had bilateral 
tuboovarian masses and improved only after receiving 
clindamycin. The third patient had postabortal endo- 
myometritis and was given cefoxitin after she had not 


responded to the M-G regimen within 48 hours. The 
infection was cured; however, analysis of laboratory 
results showed no reason why she had not responded 
to the initial medication. 

Adverse reactions. A/S appeared to be better tol- 
erated than M-G in this patient population. There were 
no adverse hematologic, renal, or hepatic side effects 
noted in either group. Four (18%) of the patients in 
the A/S group, compared with one (4.5%) of the pa- 
tients in the M-G group, experienced some pruritus. 
However, eight (36%) patients in the M-G group ex- 
perienced nausea and/or vomiting, compared with only 
two (9%) patients in the A/S group. 

Microbiologic isolates. Eradication of the organisms 
isolated before treatment was better with the A/S com- 
bination than with M-G (Table V). The A/S regimen 
appeared to eradicate almost all of the organisms cul- 
tured. After treatment, only nine positive primary plate 
cultures were obtained from the endometrial cavity, as 
compared with 153 positive pretreatment cultures. 
However, after treatment with M-G, 55 positive pri- 
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Table V. A/S versus M-G in eradicating organisms isolated from study patients 


AIS (N = 22) 





M-G (N = 21) 


Before treatment After treatment Before treatment After treatment 
(N = 22) (N = 21) (N = 21) (N = 19) 






Category of organism 
Aerobic 
Gram-positive cocci 30 18 3 
Gram-negative cocci 8 8 0 
Gram-positive rods 22 17 4 
Gram-negative rods 26 25 5 
Anaerobic 
Gram-positive cocci ` 52 31 l 
Gram-negative cocci 6 3 0 
Gram-positive rods 13 8 3 
Gram-negative rods 74 43 1 
Total 231 153 17 





3 21 9 21 7 
0 9 9 0 0 
2 19 14 30 23 
2 30 26 12 1] 
l 56 28 8 5 
0 10 4 1 l 
l 13 6 7 5 
0 58 36 8 3 
9 216 132 87 55 


Table VI. Minimum inhibitory concentrations of bacteria isolated from pretreatment cultures 


m OO o | ra 
Black-pigmented Bacteroides sp. (n = 10*) 0.06 128.0 0.125 2.0 2.0 
B. bivius (n = 17) 16.0 64.0 2.0 4.0 4 0 8.0 
B. capillosus (n = 6) 8.0 8.0 1.0 1.0 2.0 4.0 
B. disiens (n = 12) 0.5 8.0 0.25 1.0 4.0 8.0 
B. fragilis group (n = 3) 16.0 16.0 1.0 2.0 1.0 2.0 
Bacteroides sp. (n = 32) 0.5 32.0 0.25 1.0 2.0 8.0 
Fusobacterium sp. (n = 8) 0.06 0.06 0.06 0.06 0.06 0.25 
Mobiluncus (n = 4) 0.06 0.06 0.06 0.06 2.0 4.0 


MIC; = 50% minimum inhibitory concentration; MIC% = 90% minimum inhibitory concentration. 


*Number of isolates. 


mary plate cultures were obtained from the endome- 
trial cavity, compared with 132 before treatment. The 
organisms most frequently cultured after treatment 
were gram-positive and gram-negative aerobes. The 
failure to eradicate the organisms from primary plate 
cultures did not correlate with clinical failure or clinical 
response. 

Minimum inhibitory concentration determinations 
were evaluated on bacteria isolated from pretreatment 
cultures. Ampicillin alone would have been ineffective 
against the major organisms responsible for the soft tis- 
sue pelvic infections in these patients, particularly Bac- 
teroides. The addition of sulbactam lowered the mini- 
mum inhibitory concentrations and the A/S combina- 
tion appeared to be more effective in vitro than 
metronidazole alone (Table VI). For example, the A/S 
combination reduced the minimum inhibitory concen- 
tration against black-pigmented Bacteroides from 128.0 
with ampicillin alone to 2.0 with A/S. Similarly, the min- 
imum inhibitory concentration against B. bivius was re- 
duced from 64 to 4.0. The minimum inhibitory concen- 


Table VII. B-Lactamase production among 
Bacteroides isolates recovered from 


study patients 
B-Lactamase | B-Lactamase 
—positive -negative 


Black-pigmented Bacteroides 5 5 

B. asaccharolyticus 2 3 

B. corporis 0 l 

B. intermedius l l 

B. levii 2 0 
B. fragilis group 2 ] 

B. fragilis l l 

B. vulgatus l Q 
B. bivius 16 l 
B. capillosus 4 2 
B. disiens 8 3 
Bacteroides sp. 20 16 
Total 55 28 


trations of metronidazole against black-pigmented Bac- 
teroides and B. bivius, respectively, were 2.0 and 8.0. No 
significant enhancement of ampicillin by sulbactam 
against other non-Bacteroides organisms was seen. 
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Comment 


Study results demonstrated that A/S is as effective as 
M-G in treating mixed aerobic-anaerobic pelvic infec- 
tions. Moreover, the A/S combination appeared to be 
better tolerated than the M-G combination. It is im- 
portant to recognize that metronidazole-aminoglyco- 
side regimens will not be effective against some of the 
major pathogens responsible for pelvic infections, in- 
cluding chlamydia, group B streptococci, and other fa- 
cultative streptococci. In addition, our study found that 
two thirds of the Bacteroides found in female genital 
tract infections were B-lactamase producers, against 
which ampicillin alone is ineffective. 

Table VII shows -lactamase production among the 
Bacteroides isolates recovered from our patients. Fifty- 
five (66%) of the 83 Bacteroides isolates cultured from 
the upper genital tracts of patients were B-lactamase 
producers. Five (50%) of the black-pigmented Bacter- 
oides isolates were B-lactamase producers. Strikingly, 16 
of 17 (94%) B. bivius organisms isolated from pelvic 
infections were B-lactamase producers. Similarly, 70% 
of the B. capillosus and B. disiens isolates were B-lacta- 
mase producers. More than half of the Bacteroides sp. 
thought to be sensitive to penicillin and first-generation 
cephalosporins were in fact B-lactamase producers. 
Without the use of the enzyme blocker sulbactam, am- 
picillin alone would have been ineffective in treating 
two thirds of the infections seen in these patients. 
Clearly, results of this study point out the need to in- 
clude antimicrobial agents that are either resistant to 
B-lactamase or contain irreversible enzyme blockers 
against B-lactamase production. 

The recovery of Mobiluncus sp. from the upper gen- 
ital tract of patients with pelvic inflammatory disease is 
intriguing. Mobiluncus sp. have been implicated in bac- 
terial vaginosis (formerly nonspecific vaginitis) as a 
component of the complex synergistic milieu of micro- 
organisms involved in this entity, including G. vag- 
inalis, anaerobic bacteria, a-hemolytic streptococci, and 
M. homms.* Eschenbach” postulated that bacterial 
vaginosis may well be an antecedent precursor of acute 
pelvic inflammatory disease, especially the nongono- 
coccal, nonchlamydial type. This hypothesis requires 
further investigation. 


10. 


fi: 
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Infectious morbidity in gynecologic cancer 


Doris C. Brooker, M.D., John E. Savage, M.D., Leo B. Twiggs, M.D., 
Leon L. Adcock, M.D., Konald A. Prem, M.D., and Christine C. Sanders, Ph.D. 


Minneapolis, Minnesota, and Omaha, Nebraska 


A retrospective investigation of infectious morbidity in gynecologic oncology patients documented that 54 
(11%) of 494 patients and 68 (6%) of 1204 patient admissions were complicated by a serious infection. 
The highest rate of infectious morbidity by admission was 21%, occurring in patients admitted for cancer of 
the vulva. The highest surgical infectious morbidity, 22%, occurred in patients admitted for cervical cancer. 
important factors in determining infection risk include multiple host factors, radical surgical procedures, 
factors inherent in the tumor itself, and additional irradiation and chemotherapy. These serious 
polymicrobial infections dictate intelligent selection of antimicrobiais and appropriate monitoring to 
anticipate complications inherent in antimicrobial therapy. B-Lactamase induction, superinfection, 
nephrotoxicity, and necrotizing enterocolitis are documented protam in these patients. (AM J OBSTET 


GYNECOL 1987;156:513-20.) 


Key words: Infectious morbidity, gynecologic cancer, genital tract malignancy 


Malignancy of the female genital tract is an important 
and costly determinant in women’s health care today. 
In 1986, cancer of the breast and lung will account for 
an estimated 18% and 19%, respectively, of cancer 
deaths in women.! Deaths from cancer of the uterus 
and ovary will total 4% and 5%, respectively. The in- 
cidence of cancer differs from the above mortality sta- 
tistics. Breast malignancy accounts for 26% of all female 
cancer; cancers of the lung and uterus each have an 
incidence of 11%, and cancer of the ovary, 4%. 

These figures reflect in part the stage at which ma- 
lignancies are first recognized. Cancers of the cervix 
and uterus are diagnosed earlier, at a local stage of 
disease 44% and 78% of the time, respectively. In con- 
trast, 49% of breast and 67% of lung malignancies are 
diagnosed after regional and distant spread has oc- 
curred in the patient. With the epidemiologic tools of 
the Papanicolaou smear, endometrial biopsy, and ag- 
gressive management of uterine bleeding and enlarge- 
ment, the uterine cancer death rate has seen a steady 
decline since 1940. Deaths from breast and ovarian 
malignancy have remained fairly constant, but deaths 
from lung cancer have been rising at a logarithmic rate 
since 1970. | 


Infectious morbidity-mortality in gynecologic oncol- . 


ogy has not been the subject of extensive investigation. 
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An understanding of the basis of these infections re- 
quires an understanding of the multiple infection risk 
factors in the host, those in the extended radical sur- 
gical procedures, and factors inherent in the tumor 
itself. l 

Host factors include: (1) normal vaginal flora; (2) 
altered flora and organism virulence in malignancy; (3) 
altered flora from previous use of antimicrobials in- 
cluding induction of antimicrobial resistance and 
superinfection*”’; (4) general host defense factors such 
as mucosal barriers, cellular and humoral immunity, 
and normal and decreased neutrophil, lymphocyte, and 
macrophage function; (5) known surgical risk factors 
in women with malignancy such as older age, poor nu- 
tritional status (weight loss, obesity), and concurrent 
disease such as diabetes, hypertension, and bacterial or 
viral sexually transmitted disease; (6) previous host che- 
motherapy and/or radiation therapy. 

Risks derived from the radical surgical procedure 
include: (1):prolonged time of operation with the in- 
creased dissection and tissue damage of the extended 
“radical” procedure and presence of blood and exudate 
in the operative site and (2) anesthesia risk.°” 

The major risks arising from the tumor itself are: (1) 
preexisting subclinical infections in proliferating and 
necrotic malignancy and (2) possible immunosuppres- 
sive effects exerted by the tumor itself.!?2 

In addition to the usual risks deriving from host fac- 
tors, from the surgical procedures, and from the tumor 
itself, invasive diagnostic techniques used before op- 
eration add to the risk from the possibility of preex- 
isting occult infection of the genital tissue and possible 
introduction of nosocomial infection. Invasive proce- 
dures such as cystoscopy, proctoscopy, needle biopsy, 
and dilatation and curettage are routine as are ma- 
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Table I. Complications of 
antimicrobial therapy 


1. Organism selection, superinfection 

2. B-Lactamase induction, organism 
resistance 

3. Nephrotoxicity 

4. Necrotizing enterocolitis from 
Clostridium difficile 


Table II. Infectious morbidity 


ee 


No. of patients with serious 54 11 
infection 

Total No. of patients 494 

Admissions for infection 68 6 

‘Total No. of admissions 1204 













No. of infections Infectious 

per No. of morbidity 
Cancer site admissions (%) 
Cervix 26/325 8 
Uterus 18/268 7 
Ovary 12/436 3 
Vulva 10/48 21 
Other female genital 2/61 3 


malignancy 


nipulative radiographic procedures such as intrave- 
nous pyelography, upper gastrointestinal series, bar- 
ium enema, computerized axial tomographic scan, and 
ultrasound. 

Finally, modern supportive procedures that add to 
postoperative infection risk include ureteral catheter- 
ization, percutaneous nephrostomy, central venous 
catheterization, hyperalimentation, and use of Jackson- 
Pratt drainage tubes, as well as urethral catheterization, 
insertion of a nasogastric tube, and placement of an 
intravenous line, all of which are common in patients 
after operation." 

Given the lack of statistics in infectious morbidity and 
mortality in gynecologic malignancy, a retrospective de- 
scriptive investigation of the University of Minnesota 
Gynecologic Oncology Service was conducted for the 
year 1982 (January 1 through December 31, inclusive). 
Each admission was thoroughly examined for evidence 
of infection as well as the level of significance of infec- 
tion. The infection was then correlated with the indi- 
vidual patient’s malignancy, irradiation therapy, che- 
motherapy, surgery, and various other factors. The 
overall objective of the investigation was not only to 
compile a statistical file of infectious morbidity and 
mortality but also to use this file to develop specific and 
useful guidelines for prevention of infectious risk and 
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Table IV. Surgical infectious morbidity 


Total No. % 
Cancer site No. infected Infected 


Cervix 73 16 22 
Uterus 58 7 12 
Ovary 55 6 l1 
Vulva 42 5 12 
Vagina 10 l 10 
Fallopian tube 1 l ~ 


Overall total 239 36 15 


Table V. Host factor analysis: Age 







Cervix 


Uterus 15 65 47-90 
Ovary 10 60 31-74 
Vulva 8 75 53-88 
Vagina ] 67 — 
Fallopian tube ] 45 — 
Total 54 — — 


for intelligent selection of antimicrobials. Ultimately 
these guidelines are to be put to use in prospective 
evaluations that lead to improved patient management. 

The following discussion is a limited presentation of 
the 1982 investigation and is divided into three sections: 
first, general oncology data; second, infectious morbid- 
ity and mortality by cancer type, including general in- 
fection statistics, specific host factor analysis, and mi- 
crobiology as well as serious infection by therapy mode; 
and third, the complications of antimicrobial therapy 
(Table I). 


General oncology data 


John L. McElvey Oncology Registry. The John L. 
McElvey Oncology Registry was created in the early 
1940s and has maintained women’s cancer statistics at 
the University of Minnesota without interruption since 
that time. In 1982, the Registry recorded 259 newly 
diagnosed malignancies, including 95 of the cervix, 73 
of the uterus, 26 of the vulva, and 55 of the ovary. 
There were five new cases each of primary vaginal and 
gestational trophoblast disease. 

Admissions by cancer site and therapy mode. There 
were a total of 1204 admissions to the service, including 
436 (36%) for ovarian, 325 (27%) for cervical, 268 
(22%) for uterine, 48 (4%) for vulvar, and 5% for other 
female genital malignancy. In addition, 66 (5%) ad- 
missions were for conditions other than malignancy. Of 
these 1204 admissions, 454 (38%) were for chemo- 
therapy, 331 (27%) for operation, 173 (15%) for ra- 
diation therapy, and 93 (8%) for combinations of any 
of the above indications. Twelve percent of the admis- 
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Table VI. Host factor analysis: Length of 
stay (days) 






Length of stay (days) 


Cervix l 17 43 3 
Uterus 22 70 4 
Ovary 12 37 2 
Vulva 6l 246 7 
Vagina 59 — — 
Fallopian tube 23 — — 


Table VII. Host factor analysis: FIGO Stage 


for cervical cancer 
No. of 
Stage patients 


Malignancy 

Squamous cell carcinoma IA 3 
IB 4 
H 2 
IHIB 2 
IV 2 
Adenocarcinoma IIB l 
IV l 
Adenosquamous carcinoma IB l 
HB 1 
IV 1 
Polymorphic B-cell lymphoma IV l 

(Epstein-Barr virus 

positive) 


sions involved evaluation only, with no therapeutic pro- 
cedure. 


Infectious morbidity and mortality 


Serious infections by cancer type. A total of 494 
individual patients accounted for the 1204 admissions. 
Fifty-four patients (11%) had a serious infection di- 
agnosed during an admission. Ten patients had mul- 
tiple admissions for the same infection (68 admissions 
for the 54 patients). Thus 6% (68 of 1204) of total 
admissions were complicated by serious infection 
(Table II). Uncomplicated urinary tract infections are 
not included in this tally. : 

There were 325 admissions for cancer of the cervix, 
and 26 (8%) of these were complicated by an infection. 


There were 268 admissions for uterine cancer, and 18 | 


(7%) of these involved an infection. Three percent (12 
of 436) of admissions for ovarian cancer were compli- 
cated by infection. Infectious morbidity for vulvar can- 
cer was 21% (10 of 48) and for other female genital 
malignancy, 3% (two of 61) (Table III). 

There were a total of 239 surgical procedures per- 
formed in 1982: 73 surgical procedures for cervical 
cancer (including 26 staging laparotomies, 21 radical 
hysterectomies, and two pelvic exenterations) and 58 
surgical procedures for uterine malignancy (including 
46 abdominal hysterectomies and one pelvic exenter- 
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Table VIII. Host factor analysis: FIGO Stage 
for uterine cancer 


Adenocarcinoma IA 2 
IB 4 

II 1 

Ill l 

IV 2 

Adenoacanthoma IB l 
IH l 

Squamous cell carcinoma II l 
Malignant mixed mesodermal III 1 

tumor 

Leiomyosarcoma, recurrent IV ] 


Table IX. Host factor analysis: FIGO Stage for 


ovarian cancer 
No. of 
Stage patients 


Nonmalignant (bilateral serous — l 
cystadenoma) 
Malignant ` 
Serous cystadenocarcinoma IIB 1 
l H* 3 
Adenocarcinoma HI* 2 
Endometrioid adenocarcinoma I l 
7 ms II l 
Sex cord tumor, granulosa cell IV l 
. type 
*Suboptimal. 


Table X. Host factor analysis: FIGO Stage for 
vulvar cancer 


No. of 

Malignancy Stage patients 
Squamous cell carcinoma III z 
IV 6 


ation). Twenty-two percent (16 of 73) of cervical cancer 
patients had an infection complicating the admission 
for operation. Similarly. 12% (seven of 58) of uterine 
cancer patients, 11% (six of 55) of ovarian cancer pa- 
tients, 12% (five of 42) of vulvar cancer patients, and 
18% (two of 11) of patients with other gynecologic ma- 
lignancy had an infection complicating the admission 
for operation (Table IV). 

Host factor analysis. Selected characteristics of this 
patient population that contributed to the risk of se- 
rious infection included patient age, length of stay, and 
stage of disease (by International Federation of Gy- 
necology and Obstetrics). The larger number of pa- 
tients and admissions were for cervical and uterine can- 
cer. As expected, vulvar, uterine, and ovarian cancer 
occurred more frequently in the older population 
(Table V). | 

The average length of stay (Table VI) for vulvar can- 
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Table XI. Host factor analysis: Mortality 


Cancer site 
Cervix I IV 
Uterus 2 IV 
Ovary 3 III (1) 
IV (2) 
Vulva ] IV - 
Fallopian tube l HI 


Table XII. Infections and organisms in 
cervical malignancy 


Infection | Organism 


Wound Staphylococcus epidermidis 
Enterococci 
Peritonitis Escherichia coli 


Klebsiella pneumoniae 

` Clostridium sp. 
Proteus mirabilis 
Pseudomonas stuizeri 
Peptococcus asaccharolyticus 
Enterobacter aerogenes 
Enterobacter cloacae 


Pelvic hematoma and - 
cellulitis 
Subphrenic abscess 


Groin abscess 


Jackson-Pratt drainage tube Candida albicans 
and wound site | Peptococcus magnus 
Citrobacter freundu 


Staphylococcus aureus 
Streptococci, group B 
Haemophilus influenzae 
Bacteroides fragilis 

K. pneumoniae 

E. colt | 
Enterococci 


Urinary tract infection 


cer patients far exceeded that of any other malignancy 
and accounted for the longest hospital stay. In the 
FIGO staging analysis (Tables VII to X), one of the 
most significant risk factors for infection was advanced 
stage of malignancy. More than 50% of cervical and 
uterine cancer patients had FIGO Stage H, II, or IV 
disease. The risk was even more pronounced in ovarian 
and vulvar cancer admissions, in which 85% had FIGO 
Stage III or IV disease. 

Host factor analysis of mortality data (Table XI) 
showed that the eight patients who died during an ad- 
mission all had FIGO Stage III or IV disease. Four of 
the eight died during an admission in which an oper- 
ation-related infection occurred. However, all of the 
patients had other, more important complicating fac- 
tors (myelosuppression, cardiomyopathy, advanced 
malignancy) that contributed to death. 


No. of - FIGO 
patients Stage Operation 


Yes (2) 
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Explanation 


Polymorphic B-cell lymphoma 

Renal transplant (1976) 

Peritonitis, mesenteric artery thrombosis 

Pneumonia, gram-negative septicemia, 
myelosuppression 

Septicemia, peritonitis 

Myocardial infarction, gram-negative 
septicemia 

Cardiomyopathy (4+) (Adriamycin toxic- 
ity), congestive failure, Staphylococcus 
aureus sepsis after Swan-Ganz, Hickman 
catheter placement 


Microbiology. The types of surgical infection found 
in gynecologic malignancy are shown in Tables XII to 
XV. These infections were typically polymicrobial, in- 
cluding both facultative gram-positive and gram-neg- 
ative organisms as well as abundant anaerobes. The 
most likely source of these organisms was the altered 
vaginal flora. 

Organisms such as Pseudomonas, Enterobacter, entero- 
cocci, Candida, Clostridia, and Bacteroides were fre- 
quently isolated in cases of significant infection (septi- 
cemia, pelvic cellulitis and hematoma, peritonitis, pneu- 
monia, and pelvic abscess). In treating infections in 
which organism identification is not yet known, one 
must use empiric therapy that will cover this serious 
spectrum of organisms and anticipate the possible com- 
plications that may arise from such therapy. 
| During 1982 and 1983, in an investigation blinded 
to the evaluator, 13 gynecologic oncology patients with 
serious postoperative infections were prospectively ran- 
domized to netilmicin-clindamycin (N-C) or cefotax- 
ime (C) therapy. All six N-C-treated patients re- 
sponded promptly to treatment, while five of seven 
C-treated patients did not improve (p = 0.02). The in- 
vestigation was terminated because single-agent ther- 
apy did not appear to treat these serious gynecologic 
infections effectively, especially in abscesses and deep 
tissue infections. 

Infection risk by therapy mode. The risk of infection 
from operation and irradiation therapy was greatest in 
cervical (23 of 25) and uterine (21 of 30) cancer (Tables 
XVI and XVII). Chemotherapy was used more fre- 
quently in ovarian cancer patients than in cervical and 
uterine cancer patients. Chemotherapy and operation 
were almost equal risks for infection in ovarian cancer 
patients (Table XVIII). For vulvar cancer patients, op- 
eration posed the greatest risk (Table XIX). Recru- 
descence of Herpesvirus, a known risk in irradiation 
and chemotherapy, occurred in two of the 54 infected 
patients. . l 
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Table XIII. Infections and organisms in 
uterine malignancy 


Infection | Organism 


Necrotizing enterocolitis C. difficile 

Wound and skin infections Pseudomonas aeruginosa 
S. epidermidis 
Enterococci 


Herpes zoster 
K. pneumoniae 
Veillonella parvula 
Clostridium sordelli 
Enterococci 

S. epidermidis 

K. pneumoniae 
E. coli 

K. pneumoniae 
E. coli 
Enterococci 
Clostridium sp. 
Candida glabrata 
S. epidermidis 

E. aerogenes 

P. mirabilis 

K. pneumoniae 
C. albicans 
Enterococci 

P. aeruginosa 

K. pneumoniae 
E. coli 

P. mirabilis 


Septicemia 


Pelvic abscess 


Abdominal abscess 


Pneumonia 


Urinary tract infection 


Pyelonephritis 


Complications of antimicroblal therapy 


Several selected cases that highlight complications of 
antimicrobial therapy in gynecologic cancer patients are 
presented here. Complications discussed include: (1) 
antimicrobial resistance (B-lactamase induction), (2) or- 
ganism selection (superinfection), (3) nephrotoxicity, 
and (4) necrotizing enterocolitis. 


Case presentations 


Case No. 1: 8-Lactamase induction and antimicro- 
bial resistance. The patient, a 74-year-old diabetic 
woman, had undergone radical vulvectomy and bilat- 
eral inguinal lymph node dissection. After operation, 
she developed a wound infection and urinary tract in- 
fection. She shared a whirlpool bath with patients from 
a nearby unit caring for burn patients. She was given 
11 days of third-generation cephalosporin therapy. 

Among other organisms, a type-specific P. aeruginosa 
was present in both groin wound infections and in the 
urinary tract infection. Initially sensitive to the ceph- 
alosporin, organisms became multiply resistant while 
the patient was receiving therapy. The B-lactamase in- 
activated the semisynthetic penicillins as well as mul- 
tiple third-generation cephalosporins (Table XX). The 
inducible B-lactamase became constitutively produced 
(Table XXI). The emergence of multiple B-lactam re- 
sistance of the Pseudomonas in this patient was due to 
the in vivo selection of a mutant that was derepressed 
for B-lactamase production. Resistance mediated by this 
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Table XIV. Infections and organisms in 
ovarian malignancy 


Infection | Organism 


Septicemia S. epidermidis 

Wound S. aureus 

Enterococci 
Morganella morgani 
E. coli 

Aeromonas hydrophila 
K. pneumoniae 

B. fragilis 

Clostridium perfringens 
Peptostreptococcus productus 
Veillonella parvula 

C. albicans 

P. aeruginosa 

E. coli 

C. albicans 
Herpesvirus hominis 


Peritonitis 


Pneumonia 


Urinary tract infection 


Viral, secondary to chemo- 
therapy 


Table XV. Infections and organisms in 
vulvar malignancy 


Infection | l Organism 


Septicemia E. coli 
Inguinal and perineal S. aureus 
wound S. epidermidis 
Stretococci, viridans 
group 
Colostomy site E. coli 
E. aerogenes 
P. aeruginosa 
B. fragilis 
Urinary tract infection E. coli 
Enterococci 


P. aeruginosa 
K. pneumoniae 
Klebsiella oxytoca 


B-lactamase is via hydrolysis of substrate drugs and the 
nonhydrolytic barrier mechanism for poor or nonsub- 
strate drugs.** * Superinfection with yeast and entero- 
cocci also occurred during therapy. 

Case No. 2: Organism selection and superinfection. 
The patient, an 83-year-old woman, had recurrent 
retroperitoneal low-grade leiomyosarcoma (primary 
in 1964) as well as pulmonary and cardiac disease. 
She underwent exploratory laparotomy and debulking 
of malignancy. She became febrile (temperature of 
102.4° F) after 8 days of second-generation cephalo- 
sporin therapy. 

Subclavian catheter tip and blood cultures taken at 
the febrile episode grew S. epidermidis and E. aerogenes. 
After treatment with tobramycin and vancomycin she 
became afebrile. A diagnosis of endocarditis was con- 
sidered because cardiac and neurological compromise 
was evident, but the previous history of cardiac and 
pulmonary disease made definitive diagnosis difficult. 
Tobramycin and vancomycin were discontinued. She 
received another 8 days of second-generation cepha- 
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Table XVI. Serious infection risk factors in cervical cancer 
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mjedi | manri | Opan | raian | Gata 
| 1 


Fever of unknown origin — 
Abdominal wound "= 
Thoracic wound = 
Peritonitis z E 
Pelvic hematoma, cellulitis i — 
Subphrenic abscess = 
Groin abscess 
Jackson-Pratt drainage, wound site — 
Urinary tract infection — 
Pneumonia — 


Subtotal l 


Table XVII. Serious infection risk factors in uterine cancer 


Fever of unknown origin 


1 (Obesity, diabetes) 


3 1 
3 5 (1 patient) — 
l = = 
9 okt. = 
l = ea 
l = = 
l a= = 
l 3 en 
l a2 = 
14 9 I 


—____tnfcion——————=|—Terinalere | Ofraion | ren Chota _ 
— l 3 


Septicemia (blood culture positive) l 
Pelvic abscess, peritonitis 
Abdominal wall tumor abscess and — 
fistula 
Pneumonia l 
Urinary tract infection 3 
Pyelonephritis J 
Interstitial nephritis — 
Necrotizing enterocolitis = 
Wound/skin infection 
Back — 
Jackson-Pratt drain site — 
Perineal ulcers — 
Inguinal thigh (right) and buttocks — 
(herpes zoster) 


Subtotal | 6 


Table XVIII. Serious infection risk factors in 
. Ovarian cancer 


Infection Chemotherapy 

Fever of unknown 3 — 

origin l i 
Septicemia — 2 
Wound l — 
Lymphangitis, groin ] — 

_ (right) and vulva 

Gluteal abscess (left) l- 
Peritonitis 2 
Pneumonia — ] 
Herpesvirus — ] 
Viral gastroenteritis — l 
Urinary tract infection l l 
Subtotal 9 


losporin therapy. She again became febrile with a tem- 
perature to 103° F. The patient had a urinary tract 
infection with P. mirabilis. Blood culture grew S. epi- 
dermidis and enterococci. The subclavian catheter tip 
grew E. aerogenes, S. epidermidis, and P. mirabilis. With 
ampicillin therapy, she became afebrile. 

The antimicrobials were discontinued, and the pa- 


1 PERES- 
l 2 — 
l 2 — 
J 1 — 
l Ša — 
2 l l 
2 1 2 
] = = 
] — = 
= = l 
pa, l — 
= ] a 
= a J 
g 12 3 


Table XIX. Serious infection risk factors in 
vulvar cancer 


O ipin [Operation [Trains | Chota 
mean iet 


Fever of unknown 
origin 

Septicemia 

Wound 

Coicstomy site 

Perineal lymphangitis 

Urinary tract in- 
fection 


Subtotal 12 3 l 


l =; 


wl ex | 
| 


tient again became febrile (temperature to 101.2° F). 
Blood culture grew enterococci; the subclavian catheter 
tip grew enterococci and £. aerogenes. At this time, there 
was evidence of valvular thickening, and the diagnosis 
of endocarditis was confirmed. The patient was be- 
gun on a regimen of long-term penicillin-gentamicin 
therapy. 

Case No. 3: Nephrotoxicity. The patient, a 26-year- 
old woman, had squamous cell cancer of the cervix, 
FIGO Stage IV, diagnosed at the original operative pro- 
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Table XX. P. aeruginosa serotype 2: Results of broth dilution susceptibility tests* 


Drug PS1 (Before therapy) 


Carbenicillm 
Azlocillin 
Mezlocillin 
Piperacillin 
Aztreonam 
Cefsulodin 
Cefotaxime 
Ceftazidime 
Ceftriaxone 
Moxalactam 
N-Formidimidoy] thienamycin 
Gentamicin 
Tobramycin 
Netilmicin 
Amikacin 


Minimum inhibitory concentration/minimum bactericidal 
concentration (jig/ml) 


PS10 (Day 11) 
32/64 64/128 
4/64 64/128 
8/32 64/128 
4/8 64/64 
4/8 16/32 
1/8 8/64 
16/16 >12875>128 
1/16 aE 
4/128 > 12875128 
8/32 “647128 
4/4 Ts 
<0.12/0.25 <0.12/1 
<0.12/<0.12 <0.12/0.25 
<0.12/0.5 0.5/2.0 
0.5/2.0 0.5/1.0 


*Mueller-Hinton broth, 3 mi fixed volume, inoculum of 10° cfu/ml. 


Table XXI. Results of B-lactamase assay (whole cell assay, ultraviolet spectrophotometric method) 


Before therapy 
(inducible) 
Substrate PS1 
Cephalothin 17/99* 
Cefamandole 0/8 
Cefoxitin 0/0 
Cefotaxime 0/0 


B-Lactamase activity 
Day 11 of therapy 
(constitutive, derepressed) 

PS2 PSIO PSII 
13/99 99/99 99/99 

0/8 0/10 0/12 

0/0 0/0 0/0 

0/0 0/0 0/0 


*Nanomoles of substrate inactivated per 10° cells; values shown are for uninduced cells/cells after overnight induction 


by cefoxitin. 


cedure. She underwent exploratory laparotomy and 
colostomy. Previously she had undergone abdominal 
and pelvic irradiation and cisplatin chemotherapy. She 
developed a subphrenic abscess after operation and was 
treated with aminoglycoside. During therapy, she de- 
veloped documented aminoglycoside nephrotoxicity 
that was reversible when antimicrobial therapy was dis- 
continued. 

Case No. 4: Nephrotexicity. The patient, a 61-year- 
old diabetic woman, had adenocarcinoma of the en- 
dometrium, FIGO Stage IB. Total abdominal hys- 
terectomy and bilateral salpingo-oophorectomy were 
performed with subsequent pelvic irradiation. She de- 
veloped K. pneumoniae septicemia from an infected lym- 
phocyst. One week after completion of aminoglycoside 
therapy, she developed reversible nephrotoxicity. Renal 
function returned to normal in 1 month. 

Case No. 5: Necrotizing enterocolitis. The pa- 
tient, a 77-year-old woman, had adenocarcinoma of 
the endometrium (FIGO, Stage IA), melanoma, and 
right hypernephroma. She underwent total abdomi- 
nal hysterectomy, bilateral salpingo-oophorectomy, and 


right radical nephrectomy. Second-generation ceph- 
alosporin therapy was given for a total of 7 days after 
operation. 

The first postoperative complication consisted of in- 
terstitial nephritis and renal failure induced by the 
cephalosporin and reversible on discontinuation of the 
antimicrobial. The second complication was diarrhea 
secondary to necrotizing enterocolitis. Toxicogenic 
C. difficile and its toxin were identified in the stool. The 
patient was given vancomycin, and the infection re- 
solved. She then developed a urinary tract infection, 
from which P. aeruginosa was isolated. This infection 
resolved with semi-synthetic penicillin therapy. 


Comment 


Serious infections are a frequent occurrence in gy- 
necologic oncology patients. Intelligent selection and 
appropriate monitoring of antimicrobial therapy are 
vital in preventing complications, which can include 
B-lactamase induction, superinfection, nephrotoxicity, 
and necrotizing enterocolitis. 
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We wish to thank Loretta Leman and Anne Shepard 
for consistent research data collection and evaluation 
throughout this project. 
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CORRESPONDENCE 





Surveillance of twin pregnancy with umbilical 
arterial velocimetry 


To the Editors: 

We read with interest the paper by Farmakides et al. 
(AM J OBSTET GYNECOL 1985;153:789-92) in which 
they report their results of umbilical artery Doppler 
studies in twin pregnancies. 

Farmakides et al. conclude that the twin fetus of av- 
erage for gestational age has elevated umbilical vascular 
resistance compared to the singleton fetus. We have not 
found this to be the case in our study using the same 
technique nor did Giles et al.‘ in their study of twin 
pregnancy. 
` This discrepancy can be explained by the fact that 
Farmakides et al. categorized their fetuses as being of 
average or small for gestational age by means of in- 
appropriate criteria. ‘They used data from Naeye’ 
which was collected solely from twins who were stillborn 
or died in the first week of life. As many as 30% of 
perinatal deaths in twins result from intrauterine 
growth retardation and asphyxia; thus the mean birth 
weight in Naeye’s population is considerably less than 
is usually recorded for twins and therefore cannot be 
used to determine whether a twin fetus i is. average or 
small for gestational age. 

Their average for gestational age population would 
include a number of fetuses that would be considered 
small for gestational age by singleton criteria, and this 
explains both the apparent low incidence of growth- 
retarded fetuses (10%) and the elevated systolic/dia- 
stolic ratio in their average for gestational age popu- 
lation. 

J. W. K. Ritchie, M D. 
Lesley McCowan, M.B. 
University of Toronto | 
Mount Sinai Hospital 
600 University Avenue 
Toronto, Ontario, Canada M5G 1X5 
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Reply 
To the Editors: 

We appreciate the continuing interest of Ritchie and 
McCowan in our work. We also look forward to the 
publication of their data so that we can compare dif- 
ferences in results. _ 

As indicated in their letter, since our results appar- 
ently differ from those of Giles et al., Ritchie and 
McCowan offer the suggestion that our choice of weight 
standards may explain the differences. They may be 


right, but as they are well aware, there is no general 
agreement about which standard to use for either a 
single or twin fetus when defining growth retardation. 
There are many other reasons for differences in re- 
sults. In addition to the choice of weight standards, one 
could add (1) statistical methods, (2) use of Doppler 
device, (3) use of spectrum analyzer, (4) choice of sub- 
jects, and (5) size of sample just to mention a few. 
The road to truth is a tortuous one. This is a new 
area of investigation. Our study is a beginning. The 
essential point is that Doppler velocimetry will identify 
the twin fetus at risk for death or damage from inad- 
equate umbilical flow. This is a valuable addition to our 
surveillance methodology. The exact numbers will be 
revealed from continuing study of more women. 
George Farmakides, M.D. 
Harold Schulman, M.D. 
Winthrop-University Hospital | 
State University of New York at Stony Brook 
Mineola, Long Island, New York 11501 


Additional statistical analysis of antenatal 
phenobarbital for prevention of neonatal 
intracerebral hemorrhage 

To the Editors: 

We read with interest the report by Shankaran et al. 
(AM J OBSTET GYNECOL 1986;154:53-7) regarding the 
prevention of intraventricular hemorrhage with ante- 
natal phenobarbital. We would like to question one of 
the statistical conclusions and then to offer some ad- 
ditional analysis. 

In column 1 of page 55 they say, “Among infants 
who developed intracerebral hemorrhage, significantly 
more control infants were delivered vaginally.” Ex- 
amination of the data reveals the following: of the 13 
control infants who had hemorrhage, seven were de- 
livered vaginally and six nonvaginally; of the eight 
treated infants with hemorrhage, two were delivered 
vaginally and six nonvaginally (Fisher's exact test, 
p = 0. 201). We wonder if the intended assertion was, 
“Of infants delivered vaginally, significantly more con- 
trol infants developed hemorrhage.” Examination of 
the data concerning that statement reveals the follow- 


ing: of 13 control infants delivered vaginally, seven had 


hemorrhage and six did not; of 14 treated infants de- 
livered vaginally, two had hemorrhage and 12 did not 

(p = 0.037). 

’ Detailed statistical analysis was not presented on me- 
chanical ventilation as a confounding variable. Of 32 
infants ventilated, 20 developed some form of hem- 
orrhage; of 16 infants not ventilated, only one had some 
form of hemorrhage (p = 0.0007, x°). Of control in- 
fants who hemorrhaged, it appears that those who were 
mechanically ventilated may have had significantly 
more moderate/severe hemorrhage compared to those 
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who were not ventilated (0.47 < p < 0.096, Fisher’s ex- 
act test; the precise value could not be determined from 
the data presented). The degree of mechanical venti- 
lation and severity of respiratory distress are also im- 
possible to factor from the data presented. 

These issues aside, the fact still remains that there 
was a significant difference in the number of moderate/ 
severe hemorrhages between those infants whose 
mothers received phenobarbital and those who did not. 
This difference was present despite serum phenobar- 
bital levels well below the “anticonvulsant levels” used 
by Donn et al.' and Morgan et al.? Donn et al. found a 
decreased incidence of grade I and II hemorrhages in 
infants treated postnatally with phenobarbital. Morgan 
et al. found no differences in either mild or severe 
hemorrhage after postnatal administration of pheno- 
barbital. We wonder whether the effect seen with an- 
tenatal phenobarbital administration is due to effects 
on labor patterns (frequency, force, and duration of 
contractions) and not directly on the infant. Future 
studies in which the labor history is more completely 
documented might help clarify this issue. Inclusion of 
data regarding the use of tocolytics and steroids would 
also be beneficial. 

We applaud the authors for their work and certainly 
agree that further prospective randomized trials of an- 
tenatal phenobarbital should be carried out. 

Robert V. Jarrett, D.O. 
Glen D. Jordan, M.D. 
Department of the Army 
Madigan Army Medical Center 
Tacoma, Washington 9843 1-5000 
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Reply 
To the Editors: 

We thank Dr. Jarrett for his careful review of our 
‘paper and for correcting our error on column 1 of page 
55. Of the 13 control infants who were delivered vag- 
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inally, seven developed hemorrhage while six did not, 
and among the 14 treated infants delivered vaginally, 
two developed hemorrhage and 12 did not (p < 0.05). 
Hence the intended assertion was “Of the infants de- 
livered vaginally, significantly more control infants de- 
veloped hemorrhage.” The vaginal mode of delivery 
has been shown to be a risk factor for hemorrhage by 
other investigators. 

We have done more analysis of the relation between 
mechanical ventilation and the degree of hemorrhage 
in the control and treated groups of infants (see Ta- 
ble I). When evaluating the infants who did not require 
mechanical ventilation, we found no significant differ- 
ence in the incidence of hemorrhage versus no hem- 
orrhage or no and mild hemorrhage versus moderate 
and severe hemorrhage between the control and the 
treated groups of infants. On the other hand, when we 
evaluated infants who required mechanical ventilation, 
there was a significant difference in the incidence of 
intraventricular hemorrhage between the treated and 
control infants when comparing no hemorrhage versus 
hemorrhage (p = 0.02) and no and mild hemorrhage 
versus moderate and, severe hemorrhage (p = 0.003). 
Hence phenobarbital was not protective among the 
nonventilated group (who had a very low incidence of 
hemorrhage) but was protective against moderate and 
severe hemorrhage in the ventilated group. Infants re- 
quiring mechanical ventilation have been shown to be 
at a great risk for intraventricular hemorrhage. 

We can only speculate on the mode of action of an- 
tenatal phenobarbital administered in the 500 mg dose. 
The levels achieved were lower than those used in all 
other studies evaluating the effects of postnatal phe- 
nobarbital therapy and were not associated with any 
complications. We are in the second phase of our study 
and are evaluating the effects of phenobarbital on labor 
patterns, as well as the effect of tocolytics and B-meth- 
dsone on incidence of intraventricular hemorrhage. We 
thank Dr. Jarrett for his helpful suggestions. | 

Seetha Shankaran, M.D. 
Eugene E. Cepeda, M.D. 
Ronald L. Poland, M.D. 
Hutzel Hospital and Children’s H ospital of 
Michigan 


_ Department of Pediatrics 


Wayne State University School of Medicine 
Detroit, Michigan 48201 


Table I. Relation between ad ventilation and the degree of hemorrhage in the control and 


phenobarbital-treated groups of infants 


Mechanical ventilation” 


Treated infants Control infants 
2 


No ventilation 


Hemorrhage > Control infants 
None 8 
Mild 8 0 I 
Moderate/severe 0) 0 0 





*No hemorrhage vs. hemorrhage, p < 0.05. No and mild hemorrhage vs. moderate and severe hemorrhage, p < 0.01. 
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Intrapartum fetal heart rate monitoring 


To the Editors: 

In their randomized controlled trial of continuous 
electronic versus intermittent auscultatory fetal heart 
rate monitoring during labor (AM J OBSTET GYNECOL 
1986; 152:524-39), MacDonald and his colleagues from 
the National Perinatal Epidemiology Unit have sug- 
gested that continuous electronic monitoring is supe- 
rior in reducing the incidence of seizures in the neo- 
nate. They deserve our congratulations and gratitude 
for undertaking so large a trial and “policing” it so well; 
and I hope I am not being merely curmudgeonly in 
pointing out what seems to me an important flaw in 
their opus magnum. 

For a randomized controlled trial to be utterly con- 
vincing, it needs to be more than large and well con- 
ducted. It must also stimulate confidence that both 
groups of patients were treated with the same will and 
determination to achieve the best possible results for 
the patients in them. In the recent Dublin trial the very 
protocol for the management of the intermittent aus- 
cultation group ensures. that maximal results for the 
patierits in this group were impossible to achieve. Ar- 
guably, the best sign of fetal distress that can be detected 
by intermittent auscultation is slow recovery of the fetal 
heart rate after contractions and this entails auscultat- 
ing the fetal heart rate by Pinard stethoscope (or Dopp- 
ler ultrasound, if necessary) both during and after con- 
tractions. I was taught this during my first resident 
obstetric job over 20 years ago, and it remains routine 
practice with the midwives in the units with which I am 
currently associated. By insisting in their protocol that 
the fetal heart rate be auscultated “following a con- 
traction” or during the “interval between contractions,” 
the Dublin workers have ensured that this major sign 
of fetal distress will have been missed until severe and 
prolonged enough to present as a profound baseline 
bradycardia. This single and simple fact could account 
for the very low incidences of fetal heart rate abnor- 


mality requiring electronic monitoring (0.49%) or fetal. 


blood sampling (0.6%) in the intermittent auscultation 
group, the longer duration of labor in this group, and 
the higher incidence of neonatal seizures. 

I wonder if MacDonald et al. have considered this 
severe limitation to the practical value of their work? 

l D. D. Mathews, M.D. 

All Saints’ Hospital 
Chatham, Kent, England ME4 5NG 


Reply 
To the Editors: 

Dr. Mathews believes that the method of intermittent 
auscultation of the fetal heart which he uses is superior 
to the method evaluated in the Dublin randomized trial. 
We have also heard that other obstetricians believe that 
their methods of interpreting fetal heart rate traces are 
superior to those evaluated in the trial. These beliefs 
should be seen for what they are: clinical opinions that 
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cannot (so far) be supported with evidence from prop- 
erly controlled clinical experiments. 

Dr. Mathews has already tested the validity of a num- 
ber of his beliefs in other areas of obstetric practice by 
mounting randomized trials." We hope that he and 
others who believe that more effective methods of in- 
trapartum fetal monitoring exist than those compared 
in the Dublin trial will apply similar scientific self-dis- 
cipline in respect of these beliefs. 

Dermot MacDonald 
Adrian Grant 
Margaret Sheridan-Perewra 
Peter Boylan 
Iain Chalmers 
National Perinatal Epidemiology Unit 
Radcliffe Infirmary 
Oxford, England OX2 6HE 
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Transcervical chorionic villus sampling 


To the Editors: 

_We feel obliged to respond to the article entitled “A 
randomized study of three cannulas for transcervical 
chorionic villus sampling” (MacKenzie et al. AM J OB- 
STET GYNECOL 1986;154:34-9) because it presents the 
Portex catheter as an ineffective sampling device. (In- 
cidentally, in Fig. 1 the picture of the Portex Trophocan 
is incomplete and only shows the obturator—the cath- 
eter itself is missing). 

The Portex catheter is the instrument used in most 
of the centers reporting to the World Health Organi- 
zation Registry.' This shows that in nearly 12,000 di- 
agnostic cases performed at 90 centers worldwide, 
there has been an overall rate of failure of diagnosis 
of 2.6% and a maximum fetal loss rate of 4%, falling 
to <2% at experienced centers. Most of the samples 
have been taken for karyotyping. 
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By contrast, Mackenzie et al. achieved only a 60% 
success rate in obtaining a sample of villous material 
' and only a 16% success rate in obtaining a karyotype 
with use of the Portex catheter. 

The discrepancy between the experiences of the au- 
thors and the rest of the world is probably due to dif- 
ferences in technique; for instance, it appears that they 
do not inspect the sample for the presence of an ade- 
quate amount of chorionic villi at‘the bedside. This 
inspection is necessary for the rapid feedback required 
to perfect the obstetrician’s skill and to maintain a high 
rate of sampling success” and is a nearly universal fea- 
ture of diagnostic sampling procedures. ; 

A second objective of the study was to simplify the 
procedure by having one operator perform both the 
scanning and the sampling, but this issue has already 
been competently addressed by Rodeck et al.” in 1983. 

We all recognize that there are problems associated 
with transcervical chorionic villus sampling, and the 
development of the transabdominal route is one that 
we support.‘ 

It seems likely that the authors’ difficulties could have 
been resolved in the conventional way by discussion 
with scientific colleagues. It is a pity to resort instead 
to designing yet more sampling devices and publishing 
a report that, to the reader who does not actually prac- 
tice chorionic villus sampling, seriously misrepresents 
the current state of the art. l 

R.H. T.. Ward 
B. Modell 
M. Petrou 
Department of Obstetrics and Ee. 
Faculty of Clinical Sciences 
University College, London 
88-96 Chenwes Mews 
London, England WCIE 6HX 
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Reply. 
To the Editors: 

We are grateful for the interest shown by Ward et al. 
in our article. 


February 1987 
Am J Obstet Gynecol 


At no point do we claim that it is impossible to obtain 
chorionic villi with a high degree of success with use of 
a Portex cannula in the diagnostic situation. It is always 
possible to obtain villi given the right set of circum- 
stances with use of practically any cannula. The point 
of this study was to determine whether by applying a 
certain defined set of circumstances in a randomized 
manner to each of three different cannulas there was 
any detectable variation in the weight of villus and the 
number of successful karyotypes obtained. 

The technique followed was exactly that recom- 
mended in the léaflet that accompanied the Portex Tro- 
phocan device. Before the study one of the authors had 
performed biopsies in a large series of patients with 
use of the Portex, so that experience with the is 
was deemed to be adequate. 

The main criticisms leveled at the authors seem to 
be (2) that the sample obtained was not inspected for 
an adequate amount of villi at the bedside and (2) that 
“difficulties” could have been resolved by discussion 
with scientific ici a We wer like to reply to these 
points. 

First, each sample was eae for the presence of 
an adequate amount of chorionic villi at the bedside. 
Such an inspection does not invalidate the results, how- 
ever, since the number of passes made with each cath- 
eter had already been decided before each sampling 


and the presence or absence of villi could have no effect 


on this. In other words, the results were not permitted 
to bias the manner of the experimentation. . 

Second, when diagnostic samples are being under- 

taken the authors do “address their problems in the 
conventional way.” The outcome of a visit to King’s 
College Hospital was a modification in the suction pro- 
cedure which we believe wouid have unproven the yield 
of villi obtained. - 
Consequently i in our diagnostic series of patients re- 
ceiving biopsies by transcervical chorionic villus sam- 
pling with use of an aluminum cannula, the success rate 
in obtaining a karyotype by means of direct prepara- 
tions of these samples is 100%. 

Thus our point still stands that under direct com- 
parable circumstances when the. limiting factor is the 
type of cannula employed, the aluminum type proved 
to give-the most satisfactory results. o 
W. E. Mackenzie 
D. S. Holmes, Ph.D. 

T. Webb, Ph.D. 
. J. R. Newton, M.D. 
Birmingham Maternity Hospital 
Queen Elizabeth Medical Centre 
Edgbaston, Birmingham, England B15 2TG 




















MATERNAL-FETAL 
MEDICINE 


Berkshire Medical Center 
Pittsfield, Massachusetts 


A rapidly growing Perinatal Program is recruiting a 
second full time faculty subspecialist in Maternal- 
Fetal Medicine effective July 1, 1987. Responsibilities - 
inciude consultations and care of high-risk patients, 
genetic counseling and testing, level H ultrasound, 
resident and student teaching. 













Berkshire Medical Center is a 365-bed Regional 
Referral Medical School and a major teaching center 
affiliated with the University of Massachusetts. The 
position provides an excellent opportunity to develop 
a state-of-the-art program in Maternal-Fetal Medicine 
in a suburban setting. Competitive salary arrangement. 






If you are board eligible or certified in Maternal- 
Fetal Medicine, contact: Shaul Yarkoni, M.D., 
Chairman, Department of Obstetrics and 
Gynecology, (413) 499-4161, ext. 2202. 


An equal opportunity employer 


Berkshire 


Medical Center 
BERKSHIRE HEALTH SYSTEMS 


725 North Street, Pittsfield, MA 01201 


CHIEF of OBSTETRICS 


Specialist in MATERNAL-FETAL 
MEDICINE 


Immediate opening at HARVARD COMMU- 
NITY HEALTH PLAN for senior Obstetrician to 
supervise the Brigham & Women's Hospital 
HCHP delivery service. Will serve on hospi- 
taľs executive committee. 


STAFF Obstetricians — several positions for . 
our staff and group model HMO practices. 
Serving over 300,000 New England residents, 
we offer excellent benefits and salary com- 
mensurate with experience. Board Certified or 
Eligible candidates please contact Marc Bard, 
M.D., HCHP, One Fenway Plaza, Boston, MA 
02215, 617-731-8275 


AA/EO Employer. 


Harvard Community 


Health Plan 
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Join the Group in Minneapolis. 


Outstanding career opportunity combining 
superior care with professional growth. Join 
progressive department of 20 physicians, 12 
nurse-midwives and. 6 ob/gyn nurse prac- 
titioners delivering 300 babies each month 
and providing family planning, infertility, high- 
risk obstetrics, laser surgery, colposcopy, ul- 
trasonography, laparoscopy and maternal/ 
fetal medicine in one of America’s leading 
metropolitan areas. 


Comprehensive benefits including profes- 
sional liability, four weeks vacation, two weeks 
conference leave, sick leave, medical cover- 
age, dental coverage, life insurance, disability 
and retirement plans. Opportunities for teach- 
ing and university affiliation. Please send c.v. 
to: M. Aksoy, M.D., Chairman, Department 
of Obstetrics and Gynecology; GROUP 
HEALTH, INC.; 2829 University Ave. S.E., 
Suite 220; Minneapolis, MN 55414. 





Maternal-Fetal 
Medicine 


Board certified/eligible PERINATOLOGISTS re- 
quired for large volume obstetric services 
(3,000-6,000 deliveries per year). 


~ Opportunities exist both to join and create high risk 
obstetric services at various Kaiser Permanente 
Medical Care Centers located in Southern Califor- 
nia. University affiliations and clinical research. is 
encouraged. 





















Excellent benefits are offered including liability 
coverage, medical and dental coverage, vacation and 
sick leave, continuing education and retirement pro- 
gram. Partnership consideration available after two 
years full time employment. 


Please write, including your curriculum vitae and 
three professional references to: 





WG KAISER PERMANENTE 
h Ù SOUTHERN CALIFORNIA 
ì A PERMANENTE MEDICAL GROUP 


William G. McCormick 
. Physician Recruitment 
Dept. 41B 
Walnut Center 
Pasadena, CA 91188 
(714)829-5365 
Equal Opportunity Employer M/F/H 


OBSTETRICIAN | 
` GYNECOLOGIST-IN- CHIEF 


- The Mary Imogene Bassett Hospital, a 189-bed, ‘rural = 


referral center, and major teaching affiliate of Columbia 
University, is seeking candidates for this key appointment. 


The chief is responsible for overall clinical.and teaching’ -. 
` programs in Obstetrics and Gynecology. The Service is ` . 


“ providing approximately 500 deliveries and about 4300 
obstetrical clinic visits yearly. Volume in Gynecology is 


about 290 admissions and 7800 clinic visits. The depart- - 


ment has four attending physicians, rotating. transitional 


_ residents, a certified nurse. midwife, a physician's assis- 


tant, plus. substantial nursing and office staffing. 


Cooperstown,, on scenic Lake’ Otsego about. 60 miles 
west of Albany, enjoys unusual recreational opportunities, 

a strong school system, and an array of cultural and. 
artistic activities. The village is known for its air of history; . 


museums and resort facilities. a 
The medical staff is organized asa salaried’ group practice 
with full fringe benefits including malpractice coverage, 


generous ffee time, conference leave, and immediate | 


annuity participation: 
` Please send curriculum vitae and correspondence to: 


Harlan D. Alpern,. M.D. - : 
“Search Committee Chairman .. 
_ The Mary Imogene Bassett Hospital 
Cooperstown, New York 13326 
teepnone (607) 547-3700: 


A- 


O -THE MARY IMOGENE 
BASSETT HOSPITAL 


' to 


- REPRODUCTIVE. 
7 ENDOCRINOLOGY | se 
RESEARCH FELLOWSHIP - 


` This research fellowship, beginning July 1987, 


is designed for gynecologists who are already ~ 
board-eligible in the Reproductive Endocri- ` 
nology and, Infertility Subspecialty by the: . 
American. Board of Obstetrics/Gynecology. `.. 
This 2-3 year research fellowship will equip .. 
the candidate with specific training in the labo- - — 

- ratory aspects of clinical and basicresearch im.: | 

~ Reproductive Endocrinology. it is ‘specifically. | 


aimed. at those choosing academic careers 


who feel the need for further research training’ ` 
upon completion of their clinical training. For- - | 
information, please write to George S. Rich-. ` 


ardson, M.D., Acting-Chief, Dpt. of Gynecolo- 


gy, Vincent 1, Massachusetts General bic : 
1.- tal, Boston, MA 02114. : 


` Faculty Position 
GEORGIA 


` Chief, OB/GYN in Community Hospital. _ 
‘Academic setting teaching Family Prac- : 
-tice Residents who staff busy OB/GYN 
. Service in tertiary perinatal center. Emory 
"University and Medical College of Geor- - 
gia affiliate. Relaxed professional envi--, 


l ronment.. 


© Send C.V, to: 


Howard G. Vigrass, M. D. 
710 Center Street 
_.' Box #84.. ` 
Columbus, GA 31994 


~ PACIFIC NORTHWEST 


Practice opportunity available in 
Arlington, Washington in 
Obstetrics /Gynecology 
New 48-bed hospital (to replace existing facil- 


_ity) under:-construction, will open summer 


1987; office space available adjacent to hospi- 


tal. Service area is approximately 45,000. 
` “Cascade Valley Hospital is affiliated with Vir- 


ginia Mason Medical Center in Seattle. ` 


, Candidates must be board certified or intend- 
ing to become certified within one year. Must . 
also desire to live in the Arlington area. . 

-|< --Arlington is a rural community of 3,000 located 

_45 minutes north of Seattle at the foothills of 

the Cascades and 20 minutes from Puget 


Sound. The area offers excellent schools and 


` outdoor recreational opportunities. 


- Please send CV to Patty House, Health Re- l 
“source Services, 925 Seneca Street, Box. 


a 1930, Seattle, WA 98111. (206) 223-6351. 
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Michael Reese Health a 


47AVAWAW A LARGE HOSPITAL-BASED HMO ` 


has openings for the following full -time . 
position: 


Obstetrician | 
Gynecologist 


THE MICHAEL REESE HEALTH PLAN, 
a well-established and rapidly-expanding, - 
federally-qualified HMO seeks Board Cer- 
tified/Eligible Obstetrician/Gynecologists. 


THIS POSITION entails both outpatient and 
hospital practice as well as medical students 
and house staff teaching. 


REMUNERATION is high and competitive 
with academic and fee-for-service practice 


FACULTY POSITIONS 
<. MATERNAL 
FETAL-MEDICINE 


The Department of Obstetrics and Gynecology at 
the Medical College of Ohio at Toledo, is accepting 
applications for full time faculty positions within the 


. Division of Maternal Fetal Medicine. The Center for 


Women and Children is the level II! Perinatal Re- 
ferral Center for Northwest Ohio and has over 4400 


. deliveries yearly. There is a 60 bed NICU with 6 full 


time neonatologists. The candidate should be 
board certified or board eligible in Maternal Fetal 


. Medicine. Duties will include patient care, teaching 
“activities with residents and medical students and 


development of research activities. Salary and 
academic rank will be commensurate with the can- 
didate’s training and experience. Please direct in- 
quiries and curriculum vitae to: - 





markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send © 


Curriculum Vitae in confidence to: 


Dr. Stephen Contro, Medical Director, | 


MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, 
Chicago 60616 


an equal opportunity employer m/f/h 1 i 


PERINATOLOGIST 
Denver, Colorado . 

Rose Medical Center, Denver, Colorado, is seeking 

a BE/BC perinatologist to work full-time in a 400- 

bed private community hospital adjacent to the 


University of Colorado Health aeons Center. 


With 3600 deliveries per year, and thirty-six Univer- 
sity residents rotating through the department an- 


nually, Rose is the major private mac affiliate of 


the University. 


Responsibilities would include private consulta- 
tion, physician, resident, and nursing education, 
clinical research, and a limited private practice in 
perinatology. This individual can expect frequent 
interaction with the Maternal/Fetal Medicine divi- 
sion at the University of Colorado and would be 
eligible for an appropriate clinical appointment at 
the University. . 


A competitive salary guarantee i is being offered with — 


excellent fringe benefits including Malpracica in- 
surance. 


Qualified applicants, including individuals complet- | 


ing fellowship in June, 1987 should forward CV’s 
to: Robert E. Wall, M.D. 
Chairman, Department of OB/GYN . 
Rose Medical Center 
4567 E. Ninth Avenue 
Denver, Colorado 80220 











Subspecialist 


- board eligible or board certified subspecialists 


` for professional development to qualified 





(“TATA EO Schwartz, Chairman, Depart- 
SINAI ment of Obstetrics and 
' HOSPTTAL Detroit, 6767 W. Outer Drive, 
OF DETROIT Detroit, MI 48235, or call (313) 


Roger R. Lenke, M.D. 
Associate Professor 
Director Maternal Fetal Medicine 
Medical College of Ohio 
C.S. 10008. 

Toledo, Ohio 43699 
419-381-4591 





















Ld eS 
Positions 
615-bed tertiary care facility is seeking several 


for the following areas within an expanding 
Department of Obstetrics and Gynecology. 


èe Maternai/Fetal Medicine 
Two new positions available in our estab- 
lished division of Maternal/Fetal Medicine. 
. Ultrasound experience desirable. 


è Reproductive Endocrinology 
An exceptional growth opportunity is 
available for a physicien to direct this new 
division. 


These positions offer excellent opportunities 
physicians interested in subspecialty practice, 


resident training, and research/faculty status 
ina alargo university affiliated hospital. 


Please submit your Curriculum 
Vitae or contact Dr. David B. 


Gynecology, Sinai Hospital of 


493-5220. 


57A 
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OBSTETRICIAN. 
GYNECOLOGIST 


Position available with The Permanente 


Medical Group, Inc:, San Jose; California. 


Sixteen member OB/GYN Department - 


seeking Board Certified/Eligible physi- 
cians for immediate openings. Excellent 
professional environment; competitive 
salary, outstanding benefits: Located in 
the San Francisco Bay Area, with superb 
educational, cultural and recréational ac- 
tivities. _ 


Contact: l 
Jerome L. Nehemiah, M. D., Chief 
Department of. OB/GYN | 
The Permanente Medical Group, Inc. - 
260 International Circle , <- 
San Jose, CA 95119 





GYNECOLOGIC 
ONCOLOGIST 


The Division of Gynecologic:Oncology, 
Department of Obstetrics- -Gynecology of 
the New York Hospital-Cornell University 
Medical Genter is seeking a Board Eligible 
or Board Certified gynecologic- ‘oncologist 
for a full time faculty position. : 

Interested persons please send CV to: 
Thomas A. Caputo, M.D. 
Director Gynecologic Oncology 
Department of Obstetrics-Gynecology - 
The New York Hospital- - 

Cornell University Medical Center 
525 East 68th Street | 
New York, New York 10021 — 
An equal opportunity employer. 


_ Faculty Positions Available 


University of Wisconsin, Milwaukee Clini- 
cal Campus, is seeking two full-time board 
eligible or board certified physicians for 
July, 1987. 


PERINATOLOGIST: Position includes pa- 
-tient care and teaching with opportunities | 


for basic or clinical research. 


‘REPRODUCTIVE ENDOCRINOLOGIST: 
- -Position involves patient care and teach- 
‘ing with opportunities for research. Ad- — 


ministrative role includes direction of in 
vitro fertilization program. 

Send curriculum vitae to: Phillip R. Hamil- 
ton, M.D., Chairman, Department of 
Obstetrics.and Gynecology, Mount Sinai - 


Medical Center, 950 North 12th Street, 


Milwaukee, Wisconsin 53233. 


FACULTY POSITION 
AVAILABLE 


The Department of Obstetrics and Gynecol- 


ogy at the Medical College of Ohio is accept- — 


ing applications for a full-time position as di- 
rector of the residency training program and 
generalist in the field of Obstetrics and 
Gynecolagy. 
The residency director is responsible for ad- 
ministration of the program and patient care, 
including a busy clinical service along with 
resident and student teaching. Salary and — 
academic rank will be commensurate with 
candidate’s training and experience. Please 
direct inquiries and curricula vitae to: 
| John L. Duhring, M.D. 
2s. Chairman and Professor 
_ Department of Obstetrics- -Gynecology 
Medical College of Ohio 
- C€.S. 10008 
Toledo, Ohio 43699 
(419) 381-4591 





ANNOUNCING THE 
FIRST INTERNATIONAL SYMPOSIUM ON 
INTRAPARTUM BIOCHEMICAL MONITORING 
OF THE FETUS 
JUNE 1-3, 1987 | 
AT CAESAR’S CASINO AND HOTEL, 
ATLANTIC CITY, N.J. 


This -course will provide an update on intrapartum 
monitoring of fetus by biochemical means. The faculty 
includes world renowned authorities in the field. The 
course is designed to permit open question and answer 
Sessions daily. It would also permit participants to ad- 
dress their particular problem to faculty person and other 
attendees during the Workshop and Free Communication 
Sessions. Special social program has been arranged for 
significant:others accompanying the participants. 
Physicians Fees: 
$350 | 
Resident Physicians: 
$150 
Medical Students, Nurses and Technicians: 
$100 | 
Deadline on Free Communication, March 28, 1987. 
For further information contact: 
Molly Chatterjee, M.D. 
Our Lady of Mercy Medical Center 
600 East 233rd Street 
Bronx, New York 10466 
Tel. (212) 920-9647 


. The Johns Hopkins 
6a\ Oncology Center 


Presents 


The 13th Annual Symposium on 
Diagnosis and Treatment of 


Neoplastic 
Disorders 


Management of Cancer 
in Women 


April 2-3, 1987 at 


The Johns Hopkins Medical Institutions 
Baltimore, Maryland 


14 AMA Category | Credits 


For further information: 

Office of Continuing Education 

The Johns Hopkins Medical Institutions 
Turner 22, 720 Rutland Avenue 
Baltimore, Maryland 21205 

(301) 955-6046 


$250.00 


POSTGRADUATE FELLOWSHIP 


MATERNAL-FETAL 
MEDICINE 


Applications are invited for a two-year Fellowship in 
Maternal-Fetal Medicine under the direction of the 
Section of Maternal-Fetal Medicine, Department of 
Obstetrics, Gynecology and Reproductive Sciences, 
University of Manitoba, Dr. FA. Manning, Professor. This 


‘position is available July 1, 1987. 


The successful applicant will receive a comprehensive 
training experience in all aspects of high-risk obstetrics. 
Specific instruction in the real-time ultrasound 
assessment of the fetus using the biophysical profile 
score, intrauterine transfusion, fetal surgery, and 
experimental fetal research are an integral part of the 
program. 


Applicants to this fully-funded program should possess 
Royal College of Physicians and Surgeons certification in 
Obstetrics and Gynecology or its equivalent. Applications 
including full C.V. and three professional references 
should be sent to: 


C.R. Harman, M.D., Director 
Fellowship Program 
Section of Maternal-Fetal Medicine 
University of Manitoba 
735 Notre Dame Avenue 
Winnipeg, Manitoba, MB. R3E OL8 
Canada 


GYNECOLOGIC 
ONCOLOGIST 


The Department of Gynecology at The Uni- 
versity of Texas, M. D. Anderson Hospital and 
Tumor Institute at Houston is seeking a Board 
eligible/certified gynecologic oncologist at the 
Assistant Professor level. The candidate 
should have a strong commitment to academ- 
ic medicine, teaching, and research. Salary 
will be commensurate with the candidate's 
training and experience. Please direct inqui- 
ries and curriculum vitae to: 


J. Taylor Wharton, M.D. 
Chairman 
Department of Gynecology 
MDAH Box 67 
1515 Holcombe Blvd. 
Houston, Texas 77030 


An Equa! Opportunity/Affirmative Action Employer 
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TRADE MARK 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethiny! estradiol Each ign peach tablet cantams 9 75mg 
norethindrone and 0035 mg ethinyl estradiol Each peach tablet contains 1 mg norethindrone and C 35 mg ethiny! 
estradiol Each green tablet in 28 day regimen contains inert ingredients 


IMPORTANT NOTE--This information is a BRIEF SUMMARY ol the complete prescribing information provided with the 
product and therefore should not be used as the basis for prescribing the product. This summary was prepared by 
deleting from the complete prescribing intormation certain text. tables, and references. The physician should be 
thoroughly familiar with the complete prescribing information before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 
DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two stucies nave shown a positive 
association between the dose of estrogens in oral contraceptives and the sk of thromboembolism For this reason, its 
prudent and in keeping with good principles of therapeutics to mimrmuze exposure fo estrogen The ora! contraceptive 
product presenbed for any given patient should be that product whch contains the jeast amount of estrogen that :s 
compatible with an acceptable pregnancy rate and patient acceptance itis recemmended that new acceptors of oral 
contraceptives be started on preparations containing 05 mgar less of estrogen 
CONTRAINDICATIONS: Orai contraceptives should not he used in women wih any af the following conditions 1 
Thramboohiebtis ar thrormboembolr discrders 2 A pasi history of deep vein thrombophlebitis ar thromboemboic 
disorders 3 Cerebral vascular or coronary artery disease. 4. Known or suspected caretoma of the breast $ Known or 
suspected estrogen- dependent neopiasia. 4 Lindagnosed. abnarma genital Bieeding 7 Oral contracephve tablets may 
cause fetal harm when admumstered to a pregnant woman Oral contraceptive tabiets are contraindicated in women who 
are pregnant Hf the patient becomes pregnant while taking tus drug. the patent shoud be apprised of the potential hazard 
to the fetus isee WARNINGS No 5) 8 Benign or maignant uver turmos wixch developed ducing the use of oral 
contraceptives or other estrogen contamina products 
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Cigarette smoking increases the risk of serious cardiovascular side effects from orai contraceptive use. This risk | 
increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 
no of age. Women who use oral coatraceptives showd be strongly advised not to smoke. 








1. THROMBGEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS An iacreased risk af thromboembolic and 
thrombotic disease associated with the use of oral contraceptives :s well estabishec Four phnepai studies om Great 
Britain and three wn the Umted States have demonstrated an mcreased nsk of fatal and nonfatal venous thramboemboksm 
and stroke. both hemorrhagic and thrambctic These studies estimate that users of ora contraceptives are 4 to 11 tunes 
more iikely than nonusers fo develop these diseases withcul event cause Overai! excess mortality due ta pulmonary 
emboism of stroke ig an the order of 10 to 35 deaths annually per 100.000 users and increases wih age 
CEREBROVASCULAR DISORDERS: in a coslaborative Ameccan study of cerebrovascuat disorders in women with aod 
without predisposing Causes. | was estimated that the sk of hemorrhagic stroke was 2 Ü times greater in users than in 
nonusers and the risk ot thrombotic stroke was 40 to 9.5 times greater in users than in nonusers A prospective study 
canducled in Great Britain estimated that former users have a nsk for ail cerebrovascular disease 2 6 tes greater than 
that ai nonusers Ths rsk remained elevated for at least s x years after last oral contraceptive use A prospective Study 
conducted in the United States found that past use of ora! contracephves was associated with increased nsk of 
subarachnoid hemorrhage, the relative isk being 5.3 There was also some evidence from ths study that the degree of nsk 
may be telated to duratian af orai contraceptive use MYOCARDIAL INFARCTION: An increased risk of myocardial 
infarction associated with the use of orai contraceptives has been reported confirming a prewousiy suspected 
association These studies conducted im the United Kirgdorm. found. as expected. that the greater the number of 
underlying risk factors for Coronary artery disease (cigaretie smoking. hypertension. hyperchalesterolemia, obesity, 
Gabetes, history of preeciamptic toxemia) the higher the rsk of developing myocardial infarction. regardless of whether 
the pahant was an ordi contraceptive user ar ot Oral contraceptives however, were found to be a clear additional nsk 
factor The annual excess case rate Oricreased nok) of myocardial intarchon ifatal and sonfatal) io orai contracepty 
users was estimated to be apprommately 7 cases per 100,000 women users in the 30-39 age group and 67 cases per 
100,000 wamen users in the 40.44 age group interms of relative isk st has been estimates that ora} contraceptive user 
who de not smoke (Smoking «6 considered a maor Drechsposing candihan to myocardial infarctian: are about WICE as 
ukeiy to have a fata myocardial infarction as nonusers whe do no! smoke Grai contraceptive users who are also smokers 
have about a 5-faid increased nsk of fata: enfarction compared to users who de nol smoke. but about a 10- to 12-fold 
increased sk compared to nonusers who do not smoke Furthermore. the amount of smoking is also an important factor 
in determining the importance of these relative sks. however. the baseline rates for various age groups Must be given 
serous cansderghon The unportance of other predisposing canditiens mentianed above in deterring relative and 
absolute rsks has ao! as yel been quantitied. itis qinte likely thal the same synergistic action exists. but perhaps to a 
lesser extent. A Study suggests that Somme imcreased risk of myocardial infarchon in ora! contraceptive users persists 
followang discontinuation of oral contraceptives and tha! ‘he degree of the residual risk 1§ related to the duration of the 
past use Risk of Dose: in an anaiysis of cata derived from several natronai adverse reaction reporting systems, Britesh 
investigators canciuged that the nsk of thromboembolism including coronas y (hrambasis is directly related to the dase af 
estrogen used im orai contraceptives Preparations contaming 106 mcg of more of estrogen were associated with a higher 
nsk of thrambaembousm Ihan those containing 50-80 mcg of estrogen Ther analysis did suggest. however. that the 
quantity of estrogen may not be the sole “actor involved This bading has been canhirmed in the Unites States Caretul 
epidemiological Studies to determine the degree of thromboembolic sk associated with progestogen oniy oral 
contraceptives have not been pertormed Cases of thromboembolic disease have been reported in women using these 
products. and they should not be presumed to be free of excess risk The risk of thromboembolic and thrambouc 
thisarders, in both users and nonusers of orai contraceptives. increases with age. Oral contraceptives are however an 
independent nsk facter for these events ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A iarge 
prospective study cammed out in the United Kingdom estimated the mortality tate per 100.000 women per year fram 
diseases of the circulatory system for users and nonusers of ora! contraceptives according to age. smoking habits. and 
durabon of use The overall excess death tate annually from circulatory diseases for oral comtraceptwe users was 
estimated to be 20 per 100.000 jages 15-34--5/108.000. ages 35-44-33 100 200. ages 45-49 ~ 140° 100.000), the ngk 
being concentrated in ciger women, in those with a iong duration of use. and in cigarette smokers if was nat possible. 
however to examine the interrelaionships of age. smoking, and duration af use. nor to compare the effects of cantinuous 
versus Mernitient use Although the study shower a 10 fold increase in death due to curculatory diseases i users far 
five Gr more years. alf af these deaths occurred in women 35 of older Unti larger numbers of women under 35 with 
continuous use for tive or morg years are avadable. 11s not possible ta assess the magnitude of the relative nsk for thas 
younger age group Ths study reports that the increased risk of circulatory disease mortality may persist after the pill is 
discantinued Another study pubhshed at the same time continms a prewously reportec increase of mortality if oi! users 
from cardovascuiat disease The study conctuced that {he mortality associatec with ali methods of birth control is low 
ang below that associated with cidiri, with he excepban of ofa! cantraceptives e women over 40 who smoke {The 
fates given for pii caly/smokers for each age group are for smokers as a class For “heavy smokers {more than 15 
cigarettes a day]. the tales given would be about double: for “hght’ smokers fiess thar 15 cigarettes a cay}. about 5G 
percen j The mortaidy associated wih acai comtraceptwe use in nonsmokers aver 4i is figher than with any oiher 
method of contracephon m that age group The jowest mortality ss associated wth the candom of diaphragm backed up 
by early abortion The nsk of thramboembolc and thrombotic disease associatec with oral contraceptives increases with 
age after approximately age 30 and. for myocardial infarction. 1s further increased by hypertension hypercholestergie- 
Mua. Gbesily diabetes. or history of preeclamptc toxemia and especaily by cigarette smoking The rsk of myocardia! 
wifarcuonin of ai Contraceptive users is sudstanitially micreasec in women age 40 and aver especially those with other tsk 
factors The physician and the patent should be alert to the earhest manestations of thramboernbotic and thrombotic 
disorders feg. trombophiebiis pulrnenary embohsrr, cerebrovascular insufficiency. coronary occlusion, retinal 
thrombosis. and mesenteric thrombos:s; Shauld any of {hese orcur or be suspected the drug shouid be discontinued 
immediately. A four to six told increasec usk of pustsurgery thromboembalic complications has been reported in orai 
contraceptive users. Hf feasible, orai contraceptives should be discontinued at feast four weeks betore surgery of atype 
associated with an increased risk of thromboembolism cr prolonged immobilization 2 OCULAR LESIONS There have 
been reports of neo geular fesians such as optic neuritis of retinal thrombosis associated with the use of oral 
contraceptives. Discontinue oral contraceptive medicatio if there 1s unexplained, sudden or gradual partial or complete 
loss of vision, onset of praplosis or diplopia. papdledema or retinal vascular lesions and ongtitute agpropnate diagnostic 
ang therapeutic measures 3 CARCINOMA Long-term continuous administration of ether natural or synthetic estrogen 
in cerlan animal spennes increases the frequency of caronoma of the breast. cervix. vagina. and iver Certan synthetic 
Brogestogens. Hone currently contained is ora! contraceptives. have Deen noted to imcrease the neaience of mammary 
nodules, genga and malignant in dogs. in humans. three case contro! Studies have reported an cncreased nse of 
endometnal carcmoma associated with the prolonged use af exogenous estrogen in postmenapausal women Gne 
publication reported on the first 2! cases submitted by physicians to a registry ot cases of adenocarcinoma of the 
endometum in women under 40 an ora! contraceptives Of the cases found in womer wathout predisposing risk factors 
for adenocarcinoma of the endometrium ieg. steguiar bleeding at the bme oral contraceptives were lst given 
polycystic ovaries), nearly afl occurred in women who had used a sequential oral contraceptive These products are no 
longer marketed No evidence has been reported suggesting an increased ask of endornetnal cancer ir users of 
conventional commnatian of progestogen- only oral contraceptives Several Stuties have found no mcreases in breast 
Cancer i women talong pral contraceptives or estrogens One study. however. while aisa noting no overall increased nisk 
of breast cancer in women treated with ova! contraceptivas, found an excess nsk in the subgroups of oral contraceptive 
users with documented benign breast disecce A reduced occurtence of bemgn breast tumors in users of oral 
contraceptives has been well documented in summary, there is af present no confirmed evidence tram human studies of 
ao imereased tisk of cancer associated with oral contraceptives Close cirea! survedlance of al! women taking oral 
contraceptives iS. never theless. essenta: in ail cases of undiagnosed persistent ar recurrent abnormal vaginal bleeding. 
appropnate diagnostic measures shouid be taken to rule out malignancy Women with a strong family history of breast 
cancer of who have breast nodules. fibrocystc disease or abnormal mammograms should be monitored with particular 
care f they elect to use ora! Contraceptives instead of other methods of contraception 4 HEPATIC TUMORS Bengn 
hepalic adenomas have been found to be associated with the use of oral contraceptives One study showed that oral 
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contraceptive formations wih hgh hormonal potency were associated with a higher sk Than lower potency 
tormulatians and use of oral contraceptives with hgh hormonai potency and age over 30 years may further increase the 
womans sk of hepatocellular adenoma Although benign. hepatic adenomas May ruplure aod may Cause death thraugn 
intra-abdominal hemarrhage This has been reported in short-term as well as tong term users af orai contraceptives Two 
studies relate ask with duraban of use of the contraceptive. the nek being much greate: after four or mare years Of ara! 
contraceptive use Whe hepatic adenoma ss a fare lesion. it should be considered in women presenivig ahdomung) pin 
and tenderness abdominal mass or shock A few cases of Sepatoceduiar carcinoma have heen reparted in women taking 
oral contraceptives The relatianship af these drugs to thes type of malignancy 1s not known atthis ume 5 USE ING 
SMMEDIATELY PRECEDING PREGNANCY BIRTH DEFECTS iN OFFSPRING AND MALIGNANCY IN Fe MALE OFFSPRING 
The use of fernaie sex hermanes—both estrogen and progestationa: agents —dunng early pregnancy May secously 
damage the ofispnng Ihas been shows that females exposed in utero to Gethyisuibesta! 4 nansterodiai estrogen, have 
an ancreased nsk of develapitg in later ile a form of vaginal or cenecal Cancer that is ordiiariy extremely rare This ngk 
has been estimated to De on the order of 1 toon 1000 exposures Although there is no evidence al the present ume that 
pral contraceptives further enhance the nsk of developing this type of makgnancy. such patents should be monitored 
with garhcular care ¢f they elect to use oral contraceptives mstead af other methods af contraception Furthermore. a high 
percentage of such exposed women (frat 30 to 90%} have been tound to have epithelial changes of fhe vagina and Cervix 
Although these changes are histologically benign. «tis not known whether this condition 15 a precursor of vaginal 
malignancy Male chidren so exposed may develop abnormahties of the uragemttal tract, Although summar Gata are not 
avadabie with the use af other estrogens. ot cannat be presumed that they would nol induce semiar changes An increased 
ase of congenital anomahes. imciuding heart detects and bmi defects. has been reported with the use of Sex hormones. 
including oral contraceptives. in pregnancy. One case control study has estimated a 4 /fold increase in risk of 
ambi reduchas detects in infants exposed i utera fo Sex hormones ioral contraceptives. hormonal withdrawal tests for 
pregnancy or allempted treatment far threatened abortion) Some of these exposures were very short and involved wdy a 
few days of treatment The data suggest that the nsk of limb reduction detects in exposed fetuses ss samewhal fess than 
one in 1006 ive births In the past. female sex hormones have Deen used dunng pregnancy in an attempt to treal 
theeatened or habitual abortion There is considerable evidence thai erogene are inetiestve for hese ondicatons, and 
there 1s na evidence tram weill-controlied studies that progestagens are effective for these uses There ss some evidence 
that tnpiory and possibly other types of polypiouly are increased among abo! tuses from women who become pregnant 
soon after ceasing ural contraceptives Embryos with these anqmaies are virtually diways aborted spontaneously 
Whether there is an overal! increase m Spontaneous abortion of pregnancies conceved soon afier stopping oral 
contraceptives is unknown fs tecommanded that for ary patient whe has missed fw canseculive penos, pregnancy 
shouid be ruled out before contininng the cantracephveregumen if ihe pakeni has not acheted to the prescnbed schediie, 
the passiity Gf pregnancy shouid be considered at the tme of the fst mussed pernd (or aftar 45 days from the last 
menstrual penodi! the progestoger-anly oral contraceptives are used). and further use of orai contraceptives should be 
withheld unti pregnancy bas been ruled out Hf pregnancy is contemed. the patent shouid be appnsed of the potental 
ngxs tg the teius and the adwisabidity of continuation of the pregnancy should be discussed in the kgh of these rises, Bis 
aiso recommended that wormen who disconiinue oral contraceptives wiih the infent of becoming pregnant use an 
alternate form af contraception for a penod of time before attempting to conceive Many chnicians recommend three 
months although no prense information is available on whch to base ims recommendanon The agmunstraton of 
grogestogen only of progestogen estrogen commnahons fo induce withdrawal bieeging shouid not be used as a lest of 
pregnancy 6 GALLBLADDER DISEASE Studies report an increased ssk af surgically confmed gaiibladder disease in 
users of ora! contracephves and estrogens in ane study. an iecreased nsk appeared after lwo years of use and doubled 
after tour of hive years of vse in one of the other studies, an increased msk was apparent between cx and iwelve months 
of use 7 CARBOHYDRATE ANG LIPID METABOLIC EFFECTS A decrease im giocose tolerance has been observed 27 2 
significant percentage of patents on orai contraceptives For this reason predabetic and Hapete patients should be 
caretuity observed while receiving ora! contraceptives. An increase in tigiycendes and total phospholipids has beer: 
observed in pahents recensng ora! contraceptwes The chrical significance of this finding remens to be defined 8 
ELEVATED BLOOD PRESSURE An imcreass in blood pressure has Deen reported in patients receiving ora! cantracestves 
in same women hype! tension may occur witen afew months af beginning orai contracepinve use in the fst year of use 
the prévaience of women with hypertension is low in users and may be oc higher than that of a camparable group of 
nonusers The prevalence in users increasas, however with longer exposure. and in the Of th year af use is two and a naif te 
three umes the reported prevalence m the fest year Age is alse strangly correlated wilh the development of nypertenswor 
im oral contraceptive users Women who previously have had hypertension during pregnancy may pe more hkeiy fc 
fevelop elevahan of blood pressure when given orai contracephives. Hypertension thal deveiags as a result of taking ara: 
contraceptives usually returns to normal after discontinuing the drug 9 HEADACHE The onset or exacerbation a' 
migrame or deyetogment of headache af a new Daltern which is recurrent, Persistent, Of Severe required discontinuation 
of oral contraceptives and evaluation of the cause 10 BLEEDING 'RREGULARITIES Breakthrough meeding spotting. ang 
amenornea are frequent reasons tor patents discontinumag orai contraceptives in breakthrough weeding as all cases 
af irregular Bleeding from the vagina. nonfunctional causes shouid be borne in rung In ungragnesed persistent oF 
recurrent abnormal bleeding fram the vagna adequate diaqgnoshe measures are indicated io rule gut aregnancy o 
malignancy if pathology nas been eachuded. bme or a change to another formulahon may salve the problem Changing ta 
ar oral contraceptive with a higher estrages content, while polenhally useful i minemging mensh ual eregulanty, shouid 
be done only if necessary since this may increase the rsk of thramhoermnbalic disease Wornen with a past history ot 
chgamenonrhed or secondary amenorrhea OF young women without regula cycles may Rave g tendency te reman 
anovulalary OF to became amenorhec atte: discontinuation of oral contraceptives Women wih these memasing 
problems should he advised of this possedlity and encouraged fo use other contraceptive methods Postuse anovulaton. 
possiny praianged. may aiso occur i women without previous ireguianties 11 ECTOPIC PREGNANCY Ectonit as well 
as intrauterme pregnancy May occur in contraceptive failures 12 BREAST FEEDING Orai contraceptives given in [he 
postal turn: period may mteriere with lactabon There may te a decrease inthe quantity and quality of the breast mak 
Furthermore a small frachon of the normonal agems r grai contraceptives Nas been dentihed n the ruik of mothers 
receiving these drugs The effects. if any. an the breast-fed culd have nol been determined jt feasible. the use of ora 
contraceptives should be deferred until the infant has been weaned. PRECAUTIONS: General: | A complete medical and 
famiy fstory should be taken pror to the maton of oral contraceplives The pretreatment and penade ghysical 
examunanans should include special reference to blood pressure breasts. abdomen and pelvic organs. melding 
Papanicolaou smear and relevant laboratory tests As a general ule, oral contraceptives should oot be prescribed tar 
longer than one year without! another physical examination beng performed. 2 Under the intivence of estragen-proges- 
Ingen prenarahons preexisting ulenne iegmyomata May mcrease in size 3 Patents with a history af psychic depression 
shouid be catéfully observed and the drug discashaued if depression recurs fo a Seraus degree Patents hecomung 
sgnihicanty depressed while taking oral Contraceptives should stop the medicalan and use an alternate method ot 
contraception :n an attempt to determine whether the symptom :s drug-related 4 Oral cantraceptives may cause some 
degree of fluid retention They shouid be presenbed with caution. and only with carefid morstonng. in pahents with 
conditions which might be aggravated by fu retenhar such as convulsive disorde-s. migraine syndrome. asthma, ce 
cardar of rena! insutfimency 5 Patients with a past history of jaundice during pregnancy Nave an increased ngk ci 
recurrence of aundice while receiving orai contraceptive therapy ff aundice develops in any patent recénang such drugs. 
the medication shoud be discantaued 6 Ste od hormones may be poorly metahohzed in patents with impaired liver 
funchon and should be administered with caution i Such patients 7 Oral contracephve users May Mave disturbances © 
normal tryptophan metabousm which may result m1 a relative pyndoxne deficiency The choeal sgndicance of this 15 yet 
to be determined 8 Serum folate ievels may be depressed By oral contraceptive therapy Since the pregnani wamian 4 
predisposed to the development of folate deficiency and the incidence of folate defiaency increases with increasing 
gestabon. itis passibie that if a woman becomes pregnant shorty after stopping ora! contraceptives. she may have a 
greater chance cf developing folate defhewncy and compications atinbuted to ts dehcency 9 The pathologist shouki 
be advised of oral contraceptive therapy when relevant specimens are submitted 10 Certan esdocrre and liver function 
tests and blood components may be affected by estrogen-contaming ora! contraceptwas a increased sulfobromo- 
phingiemn retention b Increased prothrombin and factors VI, VHL IX and X. decreased antenrormmn 7. increased 
Aorepnephrne induced platelet aggregabity c increased thyrod- binding globulin i TRG: leading to increased circuias. 
ing totat thyroid hormone. as measured by protein-bound odine (PBG, TA by column. ar T4 by radiammunoa ssay. Free T3 
resin uptake i$ decreased. reflecting the elevated TBG free T4 concentration ss unaltered d Decreased pregnanedia! 
excretion e Reduced response to metyrapone test INFORMATION FOR THE PATIENT: (See Patient Package insert). 
DRUG INTERACTIONS: Reduced efficacy and increasec modence of Breakthrough bleeding have been associated with 
concomitant use of rfampin A semuar agsociatian has been suggested with barbiturates. phenyloulazone, phenyton 
sodium. ampicdiin, gnsectulvin, and tetracycline. CARCINOGENESIS. PREGNANCY. NURSING MOTHERS: See CON- 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increased risk of the following senous adverse reactions 
has been associated with the use of oral contraceptives isee WARNINGS) Thromboohienns Pulmonary embalerm 
Coronary thrambosis Cerebral thrombosis Cerebral hemorrhage. Hypertension. Gallbladder disease Liver tumors 
Cangerntal anomalies. There is evidence of an association between the following conditons and the use of oral 
contraceptives, aithough additianal confirmatory Studies are needed: Mesentenc thrombosis Neuro ocula: lesions. Eg. 
retinal thrombosis anc optic neunte The following adverse reactions have Deen reported m patents recenang oral 
cootacephves and are Dekeved to be drug related Nausea usually the most cammor adverse reaction Yormung, occurs 
18 approximately 10% or less of patents dunng the hrst cycle Other reactions. as a genera: rule. are seen much iess 
frequently of only occasionally Gastromtestinal symptoms (such as abdomna! cramps and bigating. Breakthrough 
bleeding Spotting Change in menstrual How Dysmenorhea Amenorrhea during and after treatment. Temporary 
Mertidy after discontinuance of treaiment. Edema. Chioasma or melasma winch may persist Breast changes 
tenderness. enlargement, and secretion Change in weight (ncrease or decrease). Change on cervical erosion and cerca! 
secretion Possible dimimution in lactation when given immediately postpartum Cholestatic jaundice Migraine increase 
im gue of ulerme leromyormata Rash fallergic) Merta! depression Reduced toverance to carbohydrates Vagina! 
candihas:s Change in corneai curvature (steenening) intolerance to contact lenses The following adverse reactions 
have been reparted on users of oral contraceptives, and the association has been nether confirmed nor refuted. 
Premenstrual hke syndrome Cataracts Changes im hbdo Chorea Changes in appetite. Cysttis-ike syndrome 
Headache Nervousness Dizziness Hirsutism Loss of scaip har Erythema multorme Erythema nodosum. Hemer- 
rhage eruption Vagus Poronyna impared renai function Hemolytic uremia syndrome OVERDOSAGE: Senags i 
effects have not been reported following acute ingestion of large doses of oral cantracephives By young children 
Overdosage may Cause nausea. and withdrawal bleeding may occur in females 
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ISerioùs as well as minor side effects have been reported with the use of 
Grol contraceptives. The physician should remain alert to the earliest 


lanifestations of any symptoms of serious disease and discontinue oral . ORTHO eet oak CORPORATION 
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UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 


The unique TRI-NORINYL 
phasing achieves BTB 
control equivalent to a 1/35 
formulation, but with 29% 
less progestin per cycle. 
This is, in fact, the greatest 


progestin reduction of any < 


norethindrone-based 


multiphasic. TRI- NORINYL 


lowers progestin where 
requirements for endome- 
trial support are reduced— 
with no greater reported 
BTB than a 1/35 formulation? 


9 DAYS 10 MG 
NORE THINDRONE 


7 DAYS 0.5 MG 5 DAYS 0.5 MG 
NORE THINDRONE NORETHINDRONE 


21 DAYS 0.035 MG ETHINYL ESTRADIOL 
PILL DAYS 








SUPPLIED IN THE 
EXCLUSIVE SYNTEX 
WALLETTE™ PILL 
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Preferred by patients 3 to 1 
over other available packages 
for convenience, discreetness 
and compliance*™* 


THE NATURE OF 


“1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradiol. Data available from 


Syntex Laboratories, inc. 


**Based on a nationwide, independently conducted survey of prospective oral contraceptive patients. 


Data available from Syntex Laboratories, Inc. 


Serious as well as minor side effects have been reported following the use of all oral contraceptives. 
These include thromboembolic disease. Please see brief summary of full prescribing information 


on next page. 
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TRENORINYL? 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradio! 
TRI-NORINYE® 28-Day Tablets (7 blue tablets of norethin- 
= drone 05 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethiny! estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
0035 mg; 7 inert tablets) 
-ORAL CONTRACEPTIVE (0.C.) AGENTS 
indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
SOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism. it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy fate and patient acceptance. Start new users on OCs 
containing 0.05 mg or less of estrogen. 

| Contraindications 1. Known or suspected pregnancy (see Warning #5). 2. 
4 ipreneee jebitis or thromboembolic disorders. 3. Past history of deep vein 
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lebitis or thromboembolic disorders. 4. Undiagnosed abnormal genital 
ing. 5. OCs should not be used by women who have or have had any of the 
folowing: a cerebral vascular or coronary artery disease, including myocardial 
infarction. b ae or suspected carcnoma of the breast. c known or sus- 
_ Geveloped during use of OCs or 








The use of OCs is associated with increased risk of several serious conditions 
incising thromboembolism, stroke, myocardial infarction. liver tumor gall 
bladder disease, visual disturbances, fetal abnormalities, amd hypertension 
| Practitioners esa aay OGS should be familiar with the following informa- 


tion relating to these risi 
+. Thromboembolic Disorders and Other Vascular Problems: An increased risk ol 
thromboembolic and thrombotic disease associated with OC use is established. 
One study demonstrated an increased relative tisk for fatal venous thromboem- 
bolism and several studies demonstrated it for non-fatal venous thromboembol- 
ism. They estimate that OC users are 4-11 times more likely than nonusers to 
these diseases without evident cause, One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
far disease. Another British study showed a lower death rate in OC users than 
„controls, an increase in cardiovascular deaths was seen but was not statistically 
“significant. A US. prospective study failed to disclose increased mortality rates 
: from cardiovascular disorders, but a subset analyzed as a retrospective, case- 
-Control study showed significant Increases in venous thromboembolism CERE- 
SROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative tisk for stroke not shown in prior British studies. In an American study ot 
cerebrovascular disorders in women with and without predispasing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-95 times greater in users than nonusers, A British long- 
term follow-up study reported in 1976 a highly significant association between 
OG use and stroke. her study had an association in 1974, but the 
number of cases was too small to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents: smoking and pii use 
appear to increase risk mote than either alone. 
MYOCARDIAL INFARCTION (MI) increased relative risk of Mi associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (Cigarette smoking, hyperten- 
sion, terolemia, obesity diabetes, history of preeclamptic toxemia} 
the higher the risk of developing Mi. regardless of OC use. OCs were an 
additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi) are twice as likely to have a fatal Mi as nonsmoking nonusers. OC users whe 
are smokers have a 5-lold increased tisk of fatal infarction compared to son- 
smoking users, and a 10-12-fold increased risk compared te nonsmoking nen- 
users. number of cigarettes smoked is important. in determimng the 
importance of these relative risks. baseline rates for various age groups must be 
considered. (Estimates are based on British vital statistics which show acute Mi 
death rates 2-3 times tess than in the US so US. death rates could be higher) 
importance of other predisposing conditions in determining relative and absolute 
risks has not been quantified: other synergistic actions may exist. RISK OF 
DOSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism. inciuding coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 04 mg or 
more of est were associated with a gher risk of thromboembolism than 
those containing 0.05-0.08 mg but quantity of estrogen may not be the sole 
factor This was supported by a US study. A British study found a positive 
association between dose of progestogen or estrogen and certain thromboembel- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been done Thromboembolic 
disease has been reported in women ay these products, and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for Mi. another st sted the 
ge of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES A large British prospective study esti- 
mated mortality rate per 100.000 women per year trom circulatory system 
diseases for users and nonusers according to age, smoking habits, and 
duration of use. The overalt annual excess death rate for OC users was estimated 
to be 20100000 sore 15-34-5/100000; ages 35-44~33/100.000: ages 45- 
49-. 140/100,060). Risk is concentrated in long-term users and in smokers. and 
may persist after OC discontinuation Although the study showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, ali 
occurred in women 35 or older An update provided the following rates: ages 
15-34-- 1/6700 for nonsmokers and 1/2000 for smokers, ages 45 and over- 
1/2506 for nonsmokers and 500 for smokers. Risk appeared to increase 
with parity, but not with duration of use Until more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data trom a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
öf contraception. Estimates include combined risk of the contraceptive 
method (e.g, thromboembolic and thrombotic disease for OCs) pius risk 
attributable to ancy or abortion if the method fails (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pill only’ 
smokers for each age are for s as a Class. For “heavy” smokers (more 
than 15 cigarettes a day}, the rates would be about double, for “light” smokers 
Gess than 15), about haf.) The lowest mortatity is with the condom or 
diaphragm backed up by early abortion. The study also conciuded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 
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with age after 30 and for MI te hb nemesei by ayparan ioe 
mias, obesity, or preeciamptic toxemia, a 

smoking. The following chart oe a gross estimate of risk of Ceath fm 
circulatory disorders associated with OC use. 












SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—~-FISK ASSOCIATED WITH USE-OF OCs 


Age Below 30 30-39 + 

Heavy smokers E g A 
Light smokers p ¢ § 

{ ods ing conditions) p CD ç 

no predisposing conditions 
Nonsmokers 
__(Other predisposing conditions) C OB BA 
A~Lse associated with very high risk. 
§~Use associated with high risk. 
C—Use associated with moderate risk. 


D~tise associated with iow risk. 
Physician and patient shouid be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders {e.g thrombophlebitis, pulmorary embolism. cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis}. Should any of these occur or be suspected, discontinue OC 
immediately. A 4-6 foki increased risk 0f post-surgery thromboembolic compilica- 
tions has been reported in OC users. if feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or proianged 
immobilization. Before ee OC after major surgery or bedrest. balancë risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
Suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg. the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC i there is unexplained, sudden. or 
gradual, partial or complete toss of vision: onset of praptosis or diptapia. 
papiliedema: of retinal vascular lesions. and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma. Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain temors, benign 
Of malignant, such as breast, cervix, vagina, uterus, ovary. pituitary and fiver 
Certain synthetic progestogens, none currently in OCs, mergase the incidence of 
mammary nodules, benign and malignant, in dogs. Several retrospective case- 
control studies reported an increased relative risk (31-139 times) associating 
endometrial carcinoma with the A payee use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCS. Of the 
adenocarcinomas found in women without predisposing risk factors for adeng- 
carcinoma of the endometrium (e.g. iregular bleeding when OCs were first 
iven, polycystic ovaries}, nearly ali occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
suggesting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was suggested for OC users with documented benign 
breast disease and for long-term (2-4 years} users. Another study found a histary 
of breast cancer among grandmothers of aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
years than among nonusers with breast cancer. One other study indicated an 
increasing risk of breast cancer in women taxing menopausal estrogens. which 
Aie with duration of follow-up. One author suggests that extended lover & 
years} OC use prior to first tuli term pregnancy was associated with a significant 
relative risk of Breast cancer, and other studies suggested an increased risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. Qne study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
incteased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer ia situ in OC users compared to nonusers This became statistical 
significant after 3-4 years of use. Nonreversal of dysplasig within the first 
months of pill use was suggested to predict progression afer prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix (largely 
carcinoma én situ) in OC users under 40, particularly those who had used OCs 
over 4 years. Two other studies y ae an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. in summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of aii OC users is, nevertheless, 
essential. in all cases of undiagnosed persistent of recurrent abnormal vaginal 
bigeding. take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer o; who have breast 
nodules, fibrocystic disease or abnormal mammograms with particuiar care. 4. 
Liver Tumors: Sudden severs abdominal pain or shock may be due to rupture and 
hemorrhage of a fiver tumor There fave been reports associating benign oF 
malignant liver tumors with short-term and long-term OC use. One study 
reported use of GCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatoceiiular adenoma of 3-440G000. 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen’. The tumor may cause serious or fatal hemorrhage. Patients 
with liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses. while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may not be helpful. Liver 
scans may show a focal defect. Hepatic arteriography may be usetui in diagnos- 
ing primary fives neoplasm. 5. {se tn or slp ina) Preceding Pregnancy, Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of female sex 
hormones~estrogenic and progestational agenis—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethylstitbestroi. a 
nonsteroidal estrogen. have an increased risk of developing in later life a form of 
vaginal of cervical cancer that is ordinarily extremely rare This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
avidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care. A high percentage of 
women exposed to diethyistiibestro! (30-90%) have epithelial changes ot the 
vagina and cervix. Although these changes are histologically benign. itis not 
known whether they are a precursor ol vaginai ge bie Male children se 
exposed may develop urogenital tract abnormalities Although simdar data are 
not availatie on other estrogens, it cannot be presumed that they wouid not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and iimb defects, has been reported following use of sex hormones, inciuding 
OCs, in pregnancy. One case-control study estimated a 4 7-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs. 
hormonal withdrawal tests for pregnancy or attempted treatment for threatenad 
abortion). Some exposures involved only a few days of treatment. Data l 
risk of imb-reduction detects in exposed fetuses is somewhat less than V1000 
live births. ina sod id ppi study, cardiovascular defects in children born to 
women who received female hormones. epee OCs, during early pregnancy 
occurred at 18.271000 births, compared to 78/1000 for childrer: not so exposed in 
utero, These results are porga ee A Welsh study found a statisti- 
cally significant excess of neural tube defects among offspring of iste OC users 
{within 3 months) than among controis. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. in the 
past, femaie sex hormones were used during pregnancy i ar attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineftective. 
and there is no evidence from well controled studies that progestagens are 
effective for these uses. There is some evidence that tripiaidy and possibly other 
types of polypioidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown if 
the patient has not adhered to the prescribed schedule. consider possible preg- 
nancy at the first missed period (or 45 days from the last menstrual period f 
ogestogen-only OCs are used} and discontinue OC use unti pregnancy has 
been ruled out. For any patient who has missed two consecutive periods. rule 
out pregnancy before continuing the OC it pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of contmuing 
the pregnancy. Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time before attempting fe con- 
ceive. A 3-month penon is supported by a study suggesting increased frequency 
of neural tube detects in women impregnated during the first 3 months alter 
cessation of OC use. Do not use progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6. Gal! Bladder 





























Disease: Studies report-increased risk 
users. In oe Study. an increased risk: appear 
after 4-5 years. in another study. an.increased Tisk ú 
12 months. 7-Carbohydrate and Lipid Metabolic Effect 
eae tolerance has been observed in a significant: 
OCs, prediabetic and diabetic OC. users should: 
increase in triglycerides and total se eee 
but its clinical significance is unknown. 8. Elevated Blood. 
in blood pressure has been reported with OC use- Hyper 
within a tew months of beginning OCs in the first year: 
hypertension may be no higher in OC users than jn nonuser 
increases with exposure and in the fitth year of use 
first year. Age is sir foes with hypertension 
a history of elevated pressure {hypertension}... 
history of toxemia or elevated blood pressure during 
dency to hypertension or is consequences. or histo 
or fhad retention during the menstrual: cyce: may . 


nonfunchonal causes. in undiagnosed persistent-of reciten 


dence of practonie we of pituitary tumors (¢.9., adenomas) has been asso- 
ciated wit red with nonusers. One si 


show 
organs, includ 
OCs shoul not 


igiomyomata may enlarge. 3. Observe patients with a history of psychic depres. 
sion and discontinue OCs it ekin recurs to a serious degree. Patients 
wi 


related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring. in patients with conditions that might be aggravated by 
fiuid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic of renal insufficiency. 5. Patients with a past history of jaundice 
during Senny have an increased risk of recurrence while og OCs. Discon- 
tinue CC if jaundice develops. 6. Steroid hormones may be poorly metabolized — 
in patients with impaired fiver function and should be administered with caution 
in such patients, 7 CC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signit- 
icance is unknown. §. Serum folate levels may be depressed by OC use. Since 
the pregnant woman is predisposed to folate deficiency and incidence of tolate 
deficiency increases wath increasing gestation, if a woman becomes pregnant 
shortly alter stopping OCs, she may have a greater chance of developing folate 
deficiency and related complications. 9 Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine and fiver function tests 
and bicod components may be affected by estrogen-containing OCs. For exam- 
ied a. Increased sulfodromaophthalein retention, b. Increased prothrombin and — 
actors Vil, Vill, IX. and X; decreased antithrombin 3; increased norepineptrine- 
induced platelet aggregability. c. increased thyroid binding globulin {TBG} fead- 
ing to increased circulating totai thyroid hormone, as measured a 
protein-bound iodine (FBI) T4 by column, or T4 by radioimmunoassay. Free T 
resin uptake is decreasad. rellecting the elevated TBG, free T4 concentration is 
unaltered d Decreases pregnanediol excretion. e. Reduced response to metyra- 
pone test, f Increased phospholipids and triglycerides. g. Temporarily decreased 
glucose tolerance. 11. Contact lens wearers who deveien visual changes or 
changes in iens tolerance should be assessed by an Ap oneone am tempo- 
rary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough bleeding from 
interactions with rifampin, isoniazid. ampicillin, tetracychne, neomycin, penicillin 
V chioramphenicol, suffonamides, nitroturantoin, barbiturates, phenytoin, primii- 
done, anaigesics. tranquilizers. antimigraine preparations, antihistamines, and 
griseofulvin. OCs may alter effectiveness ot such other drugs as. oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants. antihypertensive agents (¢.¢., 
guanethidine}. vitamins, hypoglycemic agents. tranquilizers, hypnotic prepara- 
bons, theophylline, and beta blockers. Toxic fiver effects have been reported with 
a comtination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindigations and Warnings. 9° = 
NURSING MOTHERS See Warnings. Adverse ReactionsAn increased risk of fe. = 
following serious adverse reactions has been associated with OC use (see Warne 
ings}: thrombophlebitis, thrombosis, pulmonary embolism, coronary thrombosis, 
cerebra’ thrombosis, mesenteric thrombosis. liver tumors, cerebral hemorrhage, 
hypertension, gall bladder disease, congenital anorialies, neuro-Ocular fesions, | 
e.g. retinal thrombosis and optic neuritis, Raytiaud'’s disease, arterial throm- 
boembclism The following adverse reactions have been reported in QG users 
and are believed to be drug related: bleeding ieguiarities (breakthrough bleed- 
ing, spetting, missed menses during treatment. amenorrhea after treatment), 
gastrointestinal symptoms (nausea, vomiting, bioating, abdominal cramps, 
colitis}, dysmenorrhea. infertility after discontinuance of treatment, edema, . 
chioasma or melasma which may persist after drug is discontinued, breast. 
changes (tenderness, ealargement. and secretion), intolerance to contact lenses, 
changes in corneal curvature (steepening), ch in weight {increase or 
decrease}, change in cervical erosion and Cervical secretion, possible diminution 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in size of uterine leiomyomata, sash (allergic), mental. depression. 
reduced tolerance to carbohydrates, vaginal candidiasis, prolactin-secreting pitu- 
itary tumors, chilblains. The following adverse reactions have. been reported. in 
OC users ard the association has been neither confirmed nor refuted: premen- 
strual-like syndrome, cataracts. changes in jitide, chorea, changes in appetre, 
cystitis-tike syndrome, headache, nervaro Ao , hirsutism, loss of hair 
erythema muftiforme. erythema nodosum, hemorrhagic eruptions, vaginitis, 
porphyria, impaired renat function, malignant nephrosclerosis {hemolytic uremic 
syndrome), malignant nypertension, acute renal. failure. information fer the 
(See Patient Package insert). É 
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te WARNING 
HE SE OF PROGESTATIONAL AGENTS DURING THE FIRST 
S OF PREGNANCY IS NOT RECOMMENDED. 
Stational agents have been used beginning with the first 
ester of pregnancy in an attempt to prevent habitual abortion or 
yeatened abortion. There is no adequate evidence that such 
effective and there is evidence of potential harm to the fetus 
isch drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
~~ fo influence: In addition, the use of progestational agents, with their 
| uterine-relaxant properties, in patients with fertilized defective ova may 
_. . Cause a delay in spontaneous abortion. Therefore, the use of such 
~ drugs during the first four months of pregnancy is not recommended. 
< Several reports suggest an association between intrauterine expo- 
gure to female sex hormones and congenital anomalies including 
ngenital heart defects and limb reduction defects. One study 
mated a 4.7-fold increased risk of limb reduction defects in infants 
osed.in utero to sex hormones (oral contraceptives, hormone with- 
for pregnancy, or attempted treatment for threatened 
me of these exposures were very short and involved 
ays Of treatment. The data suggest that the risk of limb 
ts in. exposed fetuses is somewhat less than 1 in 1000. 
nt is exposed to PROVERA Tablets (medroxyproges- 
fate) during the first four months of pregnancy or if she 
: pregnant while taking this drug, she should be apprised of 
the e poleria! risks fo the fetus. 










INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
OT imbalance in the absence of organic pathology such as fibroids or 







CONTRAINDICATIONS: Thrombophlebitis, thromboembolic disorders, cere- 
apoplexy or patients with a past history of these conditions, Liver dysfunc- 
org aa Known or suspected malignancy of breast or genital organs. 
diagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
ogesterone acetate. As a diagnostic test to pregnancy. 
ARNINGS: 1. Immediately discontinue administration should any of the 
lowing thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
3rovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
< of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
~ treated animals were larger, more numerous, persistent, and there were some 
< breast malignancies with metastases. Their significance with respect to humans 
_ has not been established. 3. Discontinue medication pending examination if 
. there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
_. OF migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
< tion. 4. Detectable amounts of progestin have been identified in the milk of 
-mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
nree major studies in Great Britain and one in this country have shown a 
ly significant association between thrombophlebitis, pulmonary embo- 
prebral thrombosis and embolism and the use of oral contraceptives. It 
an estimated thal users are several times as likely to undergo thrombo- 
ic disease without evident cause as nonusers. The American study indi- 
d that the risk did not persist after discontinuation, and it was not enhanced 
fong-contipued administration. 
AUTIONS: A pretreatment physical exam should include special refer- 
j breast and pelvic organs and a Papanicolaou smear. This drug may 
id retention; therefore, carefully observe patients with conditions influ- 
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enced by fluid retention such as epilepsy, migraine, asthma, and cardiac. c 
renal dystunction. In irregular bleeding per vaginum, bear in mind nonfunc 
tional causes and perform adequate diagnostic measures. Advise pathologi 
of therapy when submitting relevant specimens. Carefully observe patients wit 
history of psychic depression and discontinue drug if serious depress 
recurs, Any possible influence of prolonged therapy on pituitary, ovarian, ad 
hepatic, or uterine function awaits further study. Decreased glucose toleranc 
has been observed in a small percentage of patients on estrogen-proge | 
combinations; therefore, carefully observe diabetic patients receiving progesti 
therapy. Age constitutes no absolute limiting factor, although onset of climacteri 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophiebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- : 
cular disorders) in patients taking estrogen-progestin combinations and sinc 
the mechanism is obscure, the physician should be alert fo the earliest ma 
testation of these disorders. (See Patient Information for complete ana a 
information.) : 
ADVERSE REACTIONS: Pregnancy: (see Warning box); Breast: tar 
reports of breast tenderness or galactorrhea: Skin: sensitivity reactions: includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 
The following adverse reactions have been observed in women taking 3 
progestins including medroxyprogesierone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight; — 
changes in cervical erosion and secretions; cholestatic jaundice; rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactord. 
reactions; pyrexia; insomnia; nausea and somnolence. 
A statistically significant association has been demonstrated between use of | 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 
Although available evidence is suggestive, a relationship has been neither: 
confirmed nor refuted for fhe association of the serious adverse reaction t 
neuro-ocular lesions, ¢.g., retinal thrombosis and optic neuritis, 
The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible bie: 
individuals; premenstrual-like syndrome; changes in libido; changes in ar p 
tite; cystitis-like syndrome; headache; nervousness; dizziness: fatigue; ba 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosurt 
hemorrhagic eruption; and itching.Therefore, observe patients on PE 
therapy carefully. s 
The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention.and- 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
Vil, VIH, IX and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de= ~ 
crease in T? uptake values). “4: 


Caution: Federal law prohibits dispensing without prescription. 
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Please see adjacent page for brief summary of prescribing information. 
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nly oral estrogen provides 


e Proven protection against 
osteoporosis 
e Decreased total cholesterol: 


‘increased HDL cholesterol: 
lowered LDL cholesterol 





- Unsurpassed long-term safety 


= PREMARIN | 


a Co mplete estrogen therapy 





Please see following page for brief summary of prescribing information 














The appearance of PREMARIN Tablets isa trademark of Ayerst Laboratories. 

‘BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMA- 
“TION, SEE PACKAGE CIRCULAR) — 

PREMARIN‘ Brand of conjugated estrogens tablets, USP 


4. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOME. 
~ TRIAL CARCINOMA. 
Three independent, case-controlled studies have reported an increased risk of endometrial 
: cancer in postmenopausal women exposed to exogenous estrogens for more than one 
r: This risk was independent of the other known risk factors for endometrial cancer. 
» These studies are further supported by the finding that incidence rates of endometrial 
cancer have increased sharply since 1969 in eight different areas of the United States with 
_population-based cancer reporting systems, an increase which may be related to the 
| rapidly expanding use of estrogens during the last decade. The three case-controlled 
-|. studies reported that the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. in view of these findings, when estrogens are used for the treatment 
4 of menopausal symptoms, the lowest dose that will control symptoms should be utilized 
and medication should be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a semi-annual basis to 
determine the need for continued therapy. Although the evidence must be considered 
| preliminary, one study suggests that cyclic administration of low doses of estrogen may 
carry fess risk than continuous administration: it therefore appears prudent to utilize such a 
regimen. Close clinical surveillance of all women taking estrogens is important. in all cases 
of undiagnosed persistent or recurring abnormal vaginal bleeding, adequate diagnostic 
measures should be undertaken to rule out malignancy. There is no evidence at present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi- 
estrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
The use of female sex hormones, both estrogens and progestogens, during early preg- 
nancy may seriously damage the offspring. it has been shown that females exposed in 
utero to diethylstitbestro!, a non-steroidal estrogen, have an increased risk of pak in 
-i Tater life, a form of vaginal or cervical cancer that is ordinarily extremely rare, This risk has 
_ been estimated as not greater than 4 per 1.000 exposures. Furthermore. a high percentage 
of such exposed women (from 30% to 90%) have been found to have vagina! adenosis. 
epithelial changes of the vagina and cervix. Although these changes are histologically 
benign, itis not known whether they are precursors of malignancy. Although similar data are 
not available with the use of other estrogens, it cannot be presumed they would not induce 
similar changes. Several reports suggest an association between intrauterine exposure to 
female sex hormones and congenital anomalies, including congenital heart defects and 
fimb-reduction defects. One case-controlied study estimated a 4.7-fold increased risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, 
hormone withdrawal tests for pregnancy, or attempted treatment for threatened abortion). 
Some of these exposures were very short and involved only a few days of treatment. The 
data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less 
than 1 per 1,000. in the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that 
estrogens are ineffective for these indications, and there is no evidence from well-controlled 
studies that progestogens are effective for these uses. If PREMARIN is used during 
“> | pregnancy, or if the patient becomes pregnant while taking this drug, she should be 
=i. apprised of the potential risks to the fetus, and the advisability of pregnancy continuation. 


“>. DESCRIPTION: PREMARIN (conjugated estrogens tablets. USP) for oral administration 
contains a mixture of estrogens, obtained exclusively from natural sources, biended to repre- 
‘gent the average composition of material derived from pregnant mares urine. it contains 
“estrone, equilin, and 17a-dihydro- 
--gquilin, together with smaller amounts 
of 17a-estradiol, equilenin, and 17a-di- 
= fydroequilenin as salts of their sulfate 
az. esters. Tablets are available in 0.3 mg, 
“) 0.9 mg, 1.25 mg, and 2.5 mg strengths 
— of conjugated estrogens. 
> INDICATIONS AND USAGE: Moder- 
-ate to severe vasomotor symptoms as- 
sociated with the menopause. {There is 
no evidence that estrogens are effec- 
tive for nervous symptoms or depres- 
sion without associated vasomotor 
symptoms and they should not be used 
to treat such conditions.) Osteoporosis 
(abnormally low bone mass). Atrophic vaginitis. Kraurosis vulvae. Female castration. 
3 PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING 
ae ahead AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
WARNING). 

Concent Progestin Use: The lowest effective dose appropriate for the specific indication 
‘should be utilized. Studies of the addition of a progestin for 7 or more days of a cycle of estrogen 
administration have reported a lowered incidence of endometrial hyperplasia. Morphological 
. and biochemical studies of the endometrium suggest that 10 to 13 days of progestin are needed 
“to provide maximal maturation of the endometrium and to eliminate any hyperplastic changes. 
. Whether this will provide protection from endometrial carcinoma has not been clearly estab- 
fished. There are possible additional risks which may be associated with the inclusion of 
-progestin in estrogen replacement regimens. (See PRECAUTIONS.) The choice of progestin 
. and dosage may be important; product labeling should be reviewed to minimize possible 
- adverse effects. 

CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the 
following conditions: 1. Known or suspected cancer of the breast except in appropriately 
salocied patients being treated for metastatic disease. 2. Known or suspected estrogen- 
dependent neoplasia. 3. Known or suspected pregnancy (see Boxed Warning). 4. Undiagnosed 
abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders. 6. A past 
history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use {except when used in treatment of breast or prostatic malignancy). 

WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see 
Boxed Warning). However, a recent large, case-controlied study indicated no increase in risk of 
- breast cancer in postmenopausal women. A recent study has reported a 2- to 3-foid increase in 
“the risk of surgically confirmed gallbladder disease in women receiving nopausal estrogens. 
Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used 
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should be considered a clear risk. 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain 
and tenderness, abdominal mass, or hypovolemic shock. Hepatocellular carcinoma has been 
reported in women taking estrogen-containing oral contraceptives. Increased biood pressure 
may occur with use of estrogens in the menopause and blood pressure should be monitored 
with estrogen use. A worsening of glucose tolerance has been observed in patients on 
estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
observed. Estrogens may lead to severe hypercalcemia in patients with breast cancer and bone 
metastases. 
PRECAUTIONS: Physical examination and a complete medical and family history should be 
taken prior to the initiation of any estrogen therapy with special reference to blood pressure, 
breasts. abdomen. and pelvic organs, and should include a Papanicolaou smear. As a general 
rule, estrogen should not be prescribed for longer than one year without another physical 
examination being performed. Conditions influenced by fluid retention. such as asthma, epi- 
lepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients 
may develop manifestations of excessive estrogenic stimulation, such as abnormal or exces- 
sive uterine bleeding, mastodynia, etc. Prolonged administration of unopposed estrogen 
therapy has been reported to increase the risk of endometrial hyperplasia in some patients. Oral 
contraceptives appear to be associated with an increased incidence of mental depression. 
Patients with a history of depression should be carefully observed. Pre-existing uterine 
lsiomyomata may increase in size during estrogen use. The pathologist should be advised of 
estrogen therapy when relevant specimens are submitted. If jaundice develops in any patient 
receiving estrogen. the medication should be discontinued while the cause is investigated. 
Estrogens should be used with care in patients with impaired liver function, renal insufficiency, 
metabolic bone diseases associated with hypercalcemia, or in young patients in whom bone 
growth is not yet complete. If concomitant progestin therapy is used, potential risks may include 
adverse effects on carbohydrate and lipid metabolism. 

The following changes may be expected with larger doses of estrogen: 

a. Increased suifobromophthalein retention. 

b. increased prothrombin and factors Vil, VHI IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced piatelet aggregability. 

c. Increased thyroid binding globulin (TBG) leading to increased circulating totai thyroid 
hormone, as measured by PBI, T, by cotumn, or T, by radioimmunoassay. Free T, resin uptake 
is decreased, reflecting the elevated TBG; free T, concentration is unaltered. 

d. impaired glucose tolerance. 

e. Decraased pregnanediol excretion. 

f. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration. 

As a general principle. the administration of any drug to nursing mothers should be done only 
when clearly necessary since many 
drugs are excreted in human milk. 

Long-term, continuous administra- 
tion of natural and synthetic estro- 
gens in certain animal species in- 
creases the frequency of carcinomas 
of the breast, cervix, vagina, and liver. 
However, in a recent, large case-con- 
trolled study. of postmenopausal 
women there was no increase-in risk — 
of breast cancer with use of conju- ~ 

ated estrogens. aes Bee 






DVERSE REACTIONS: The fol- 

lowing have been reported with es- 
trogenic therapy, including oral con- 
traceptives: breakthrough bleeding, spotting, change in menstrual flow; dysmenorrhea: pre- 
menstrual-like syndrome; amenorrhea during and after treatment; increase in size of uterine 
fibromyomata, vagina! candidiasis, change in cervical erosion and in degree of cervical secre- 
tion: cystitis-like syndrome: tenderness, enlargement, secretion (of breasts): nausea, vomiting, 
abdominal cramps, bloating; cholestatic jaundice; chloasma or melasma which may persist 
when drug is discontinued; erythema multiforme, erythema nodosum: hemorrhagic eruption: 
loss of scalp hair, hirsutism: steepening of corneal curvature; intolerance to contact lenses: 
headache, migraine, dizziness, mental depression, chorea. increase or decrease in weight, 
reduced carbohydrate tolerance; aggravation of porphyria; edema; changes in libido. 
ACUTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females. 
DOSAGE AND ADMINISTRATION: 1. Given cyclically for short-term use only. For treatment 
of moderate-to-severe vasomotor symptoms, atrophic vaginitis, or kraurasis vulvae associated 
with the menopause (0.3 mg to 1.25 mg or more gany 

The lowest dose that wiii contro! symptoms shouid be chosen and medication should be 
discontinued as promptly as possible, 

Administration should be cyclic (eg, three weeks on and one week off}. 

Attempts to discontinue or taper medication shouid be made at three- to six-month intervals. 

2. Given cyclically: Osteoporosis. Female castration. . 

i Tagua ~~-0.625 mg daily. Administration shouid be cyclic (eg, three weeks on and one 
week off). . 

Female castration—-1.25 mg daily, cyclically. Adjust upward or downward according to re- 
sponse of the patient. For maintenance. adjust dosage to lowest level that will provide effective 
control. 

Patients with an intact uterus should be monitored for signs of endometrial cancer and 
appropriate measures taken to rule out malignancy in the event of persistent or recurring 
abnormal vaginal bieeding. 
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EVLEN” 2 


"(Levonorgestrel 0.15 mg and ethinyl estradiol 0.03 mg tablets) 









Each:Levien tablet contains 0.15 mg of levonorgestrel (d (-}-13 beta-ethyl-17-alpha-ethinyt-17-beta-hydroxygon-4-en-3-one), a 
totally synthetic progestogen, and 0.03 mg of ethinyl estradiol (19-nor-17 a-pregna-i.3.5 (10)-trien-20-yne-3.17-diol) (7 pink inert 
tablets are included in Levlen 28). 

oe ant Usage—Levien is indicated for the prevention of pregnancy in women who elect to use OCs as a method ot 
contraception. 

Contraindications—OCs should sot be used in women with any of the following conditions. 1. Thrombophiebitis or thromboembolic 
‘disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. $. Undiagnosed 
‘abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5) 8. Bemgn or malignant liver tumor which 
‘developed during the use of OCs or other estrogen-containing products. 


Cigarette smoking increases the risk of serious cardiovascular side affects from eral contraceptive use. This risk increases with age and 
‘with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women whe use oral 

should be strongly advised not te smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 

stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 

traceptives should be familiar with the following information relating to these risks. 


i. Thramboembelic Disorders and Other Vascular Problems: An increased isk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke. both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to H times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—%in a collaborative American study of cerebrovascular disorders in women with and without 
___ predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
_.” thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
“MYOCARDIAL INFARCTION-An increased risk of myocardial infarction associated with the use of OCs has been reported. confirming a 
previously suspected association. These studies, conducted in the United Kingdom. found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia), the higher the risk of developing myocardial infarction, regardiess of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. in terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers whe de not smoke. OC users who are also smokers have about a 5-fold increased risk of fata! 
infarction compared to users who do not smoke. but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore. the amount of smoking is also an important factor in determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
_.. Bist, but perhags to a lesser extent. l 
>. RISK OF DOSE—in an analysis of data derived from several national adverse reachon reporting systems. British investigators 
‘concluded that the risk of thromboembolism, including coronary thrombosis, ts directly related to the dese of estrogen used m OCs. 
_ Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
'- 50-80 meg of estrogen. Their analysis did suggest. however, that the quantity af estrogen may not be the sole factor involved, This 
°° finding has been confirmed in the United States. Careful epidemiologica! studies to determine the degree of thromboembolic risk 
-o associated with progestogen-only OCs have nat bean performed. Cases of thromboembolic disease have been reported in women using 
~ these products, and they should not be presumed to be free of excess Tish. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES-—A large prospective study carried out in the U-K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age. 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 tages 15-34 5/100,000: ages 35-44.—33/100,000; ages 45-45. 140/100,000), the risk bemg concentrated in 
„older women, in those with a long duration of use and in Cigarette smokers. it was not possible, however, to examine the 
interrelationships of age, smoking and duration of use, nor to compare the effects of continuous vs. intermittent use. Although the 
. study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of these deaths occurred in women 
- 35 or older, Unti? larger numbers of women under 35 with continuous use for 5 or more years are available, it is not passible to assess 
- the magnitude of the relative risk for this younger age group. The available data from a variety of sources have been analyzed to 
= ‘astimate the risk of death associated with various methods af contraception. The estimates of risk of death for each method include 
-fhe combined risk of the contraceative method ieg., thromboembolic and thrombotic disease in the case of OCs) plus the ask 
_ attributable to pregnancy of abortion in the event of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with ali methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. {The rates given for Pill only/smokers for each age group ate for 
smokers as a class. for “heavy” smokers [more than 15 cigarettes a day], the rates given would be about double; for “light” smokers 
-7 fless than 15 cigarettes a day], about 50 percent.} The lowest mortality is associated with the condom or diaphragm backed up by early 
abortion, The risk of thromboembolic and thrombotic disease associated with OCs increases with age after approximately age 30 and, 
. for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or history of preeclamptic 
toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g.. thrombophlebitis. pulmonary embolism, cerebrovascular insufficiency, coronary 
occlusion, retinal thrombosis and mesenteric thrombosis) Should any of these occur or be suspected. the drug should be discontinued 
immediately A four-to six-fold increased risk of postsurgery thromboembolic complications has been reported in OC users. If feasibie. 
7 -OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk of thromboembolism or 


o$ immobilization. 

: PERSISTENCE OF RISK OF VASCULAR DISORDERS —Findings from one study in Great Britain involving cerebrovascular disease and 

. - another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 

io persists after discontinuation of the OC. in the British study, the risk of cerebrovascular disease remained elevated in former OC users 
tor at least six years after discontinuation. in the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 

~. women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 

are inconsistent with other published information. 

= 2 Ocular Lesions: There have been reports of neuro-ocutar lesions such as optic neuritis of retinal thrombosis associated with the use 

“.. @f OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis or 

>o diplopia; papiliedema or retinal-vascular lesions. and institute appropriate diagnostic and therapeutic measures. 


















. 3. Carcinoma: Long-term continuous administration of either natura! or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestagens, none currently contained in OCs, have 
‘Seen noted to increase the incidence of mammary nodules, benign and malignant. in dogs. in humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (e.g. irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
‘women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
‘increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found ne 
tease in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
neer in- women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
uced occurrence of benign breast tumors in users of OCs has been well-documented. in summary, there is at present no confirmed 


evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
























nevertheless, essential. In al! cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules. 
fibrocysti¢ disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 
4: Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal patency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs. the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a sare lesion, it should be considered in women presenting abdominal pain arid tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 
5. Use in or immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones——-beth estrogenic and progestational agents —during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later lifeta 
form of vaginal or cervical cancer that is ordinasily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type af 
‘malignancy, such patients should be monitored with particy'!ar care if they elect to use OCs instead of other methods of contraception. 
Furthermore, a high percentage of such exposed women (,...n 30 to 90%) have been found to have epithelial changes of the vagina 
and cervix. Although these changes arè histologically benign, it is not known whether this condition is a precursor of vaginal 
“~~ malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are not available with 
‘the use of other estrogens, it cannot be presumed that they would not induce simitar changes. An increased risk of congenital 
> anomalies, including heart defects and limb defects, has been reported with the use of sex hormones, including OCs, in pregnancy. 
< One case-control study has estimated a 4.7-fold increase in risk of fimb-reduction defects in infants exposed in utero to sex hormones 
(OCs, hormonal withdrawal tests for pregnancy or attempted treatment for threatened abortion). Some of these exposures were very 
short and involved oniy a few days of treatment. The data suggest that the risk of limb-reduction defects in exposed fetuses is 
C somewhat jess than one in 1,000 live births. in the past, female sex hormones have been used during pregnancy in an attempt to treat 
<.. threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these medications. and there ts no 
‘evidence from well-controlled studies that progestogens are effective for these uses. There is some evidence that triptoidy and 
possibly ather types af polyploidy are increased among abortuses from women who become pregnant soon after ceasing OCs. Embryos 
with these anomalies are virtually always aborted spontaneously. Whether there is an overall increase in spontaneous abortion of 









pregnancies conceived soon after stopping OCs is unknown. It is recommended that, for any patient who has missed two consecutive 
periods, pregnancy should be ruled out before continuing the contraceptive regimen. I the patient has not adhered to the prescribed 
schedule, the possibility of pregnancy should be considered at the time of the first missed period {or after 46 days from the jast 
menstrual period if the progestogen-oniy OCs are used), and further use of OCs should be withheld unti! pregnancy has been ruled gut. 
If pregnancy is confirmed. the patient should be apprised of the potential nsks to the fetus, and the advisability of continuation of the 
pregnancy should be discussed in the light of these risks. It is also recommended that women who discontinue OCs with the intent af 
becoming pregnant use ar alternate form of contraception for a period of time betore attempting to conceive. Many ciimcans 
recommend 3 months, although no precise information is available on which to base this recommendation, The administration of 
progestogen-only or progestogen-estrogen combinations to induce withdrawal blesding should not be used as a test of pregnancy. 
6. Gatibladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. in 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies. an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients. should be carefully observed while receiving OCs. An increase in 
ti aap and total phospholipids has been observed in patients receiving OCs. The chnicai significance of these findings remains 
to be defined. 
& Elevated Biood Pressure: An increase in blood pressure has been reported in patients recening OCs. in some women, hypertension 
may occur within a few months of beginning OC use. in the first year of use. the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure. 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year Age is also strongly correlated with 
the development of hypertension in OC users. Women whe previously have had hypertension dunng pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as 2 result of taking OCs usually returns to normal 
after discontinuing the drug. l 
9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. in 
breakthrough bleeding, as in all cases of iregular bleeding from the vagina, nonfunctional causes should be bome in mind. in 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated te rule out 
pregnancy of malignancy if pathology has been exchided, time or 3 change to another formulation may selve the problem. Changing to 
an OC with a higher estrogen content, while. potentially useful in manmizing menstrual wregutanty, should be dene only if necessary. 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems shouic be advised of this possibility and encouraged to use ather contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 
1h. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. However, in progestogen-only OC 
failures, the ratio of ectopic to intrautersne pregnancies is higher than in women who are not receiving OCs, since the drugs are more 
effective in preventing intrauterine than ectopic pregnancies. 
12. Breast-feeding- OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore. a smajt fraction of the hoemenal agents in GCs has been identified in the mitk ot mothers 
receiving these drugs. The effects, if any on the breast-fed child have not been determined. H feasible, the use of OCs shouid be 
deferred until the infant has been weaned. 
Precautions~—~-GENERAL—~1. A complete medical end family history should be taken prior te initiation of OCs. The pretreatment 
and periodic physical examinations should include speciai reference to blood pressure, breasts. abdemen and pelvic organs. 
including Papanicolaou smear and relevant laboratory tests. As a general rule. OCs should not be prescribed for longer than 1 year 
without another physical examination being performed. i 
2. Under the infiuence of estrogen-progestogen preparations, preexisting uterine leinmyomata may increase in size. 3. Patients with a 
history of psychic depression should be carefully observed and the drug discontinued if depression recurs to a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the medication and use an alternate method of contraception in an 
attempt to determine whether the symptom is drug-related. 4. OCs may cause some degree of fluid retention. They should be 
prescribed with caution, and only with careful monitoring, in patients with conditions which might be aggravated by fluid retention, 
such as convulsive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency, 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence of jaundice while receiving OC therapy. if jaundice develops in any patien? 
receiving such drugs, the medication should be discontinued. 6. Steroid hormones may be poorly metabolized in patients with 
impaired fiver function and should be administered wih caution in such patients. 7. OC users may have disturbances in normal 
tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance of this is yet to be determined. 8. 
Serum folate levels may be depressed by OC therapy Since the pregnant woman is predisposed to the development of folate deficiency 
and the incidence of folate deficiency increases with increasing gestation, it is possible that if a woman becomes pregnant shortly 
atter stopping OCs, she may have a greater chance of developing folate deficiency and complications attributed to this deficiency 
information for the Fatient-—See patient package labeling. 
Laboratory Tests—1. The pathologist should be advised of OC therapy when relevant specimens ate submitted. 
2. Certain endocrine- and fiver-function tests and blood components may be affected by estrogen-containing OCs: 
a. increased sulfobromaphthalein retention. b. increased prothrombin and factors Vil, Vill, IX and X: decreased antithrombin 3: 
increased norepinephrine-induced platetet aggregability c. increased thyroid-binding globulin (TRG) leading to increased circulating 
total-thryoid hormone, as measured by protein-bound iodine (PBI), T4 by column or 14 by radioimmunoassay. Free T3 resin uptake 1s 
decreased, i the elevated TBG: tree T4 concentration is unaftered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 
interactions Reduced efficacy anc increased incidence of breakthrough bleeding have been associated with concomitant use af 

rifampin, A similar association has been suggested with barbiturates. phenyibutazone. phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis, Mutagenesis, of Fertifity—See “Warnings” section #3, 4 and 5 for information on carcinogenesis, 
mutagenesis and impairment of fertility. 
Pregnancy——~Pregnancy Category K. See “Contraindications’ and “Warnings.” 

athers—See “Warnings.” Because of the potential for adverse reactions in nursing infants from OC tablets, a decision 
should be made whether to discontinue the drug, taking into account the importance of the drug to the mother 
Adverse Reactions—An increased risk of the tollowing serious adverse reactions has been associated with the use of OCs (see 
“Warnings” }. thrombophlebitis; pulmonary embolism; coronary thrombosis; cerebral thrombosis; cerebral hemorrhage: hypertension. 
gallbladder disease; benign hepatomas. congenital anomalies. 
There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed. mesenteric thrombosis, seuro-ccular lesions. eg., retinal Lhrambosis and optic neuritis. 
The following adverse reactions have been reported in patients recening OCs and are believed to be drug-related. Nausea and/or 
vomiting, usually the most common adverse reactions, occur in appraximately 10 percent or less of patients during the first cycle, Other 
reactions, as a general rule, are seen much fess frequently or only occasionally; gastrointestinal symptoms (such as abdominal cramps 
and bloating). breakthrough bleeding. spotting; change in menstrual flow. dysmenorrhea; amenorrhea during and after treatment: 
temporary infertility after discontinuance of treatment: edema; chlozsma or melasma which may persist: breast changes: tenderness. 
enlargement and secretion: change in weight (increase or decrease), change in cervical erosion and cervical secretion; possible 
diminution in lactation when given immediately postpartum, cholestatic jaundice; migraine; increase in size of uterine leiomyomata: 
rash (allergic); mental depression: reduced tolerance to carbohydrates, vaginal candidiasis: change in corneal curvature {steepening}: 
intolerance to comtact lenses. l 
The follwing adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted: 
ptemenstrual-tke syndrome; cataracts: changes in libido: chores, changes in appetite: cystitis-like syndrome, headache. ner- 
wousness; dizziness: hirsutism: loss of scalp hair: erythema multiforme, erythema nodosum. hemorrhagic eruption: vaginitis; 
porphyria: hemolytic uremic syndrome. 
Acute Overdese— Serious iff effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Sosage and Administration—To achieve manmum contraceptive effectiveness, Levien must be taken exactly as directed and at mtervals 
not exceeding 24 hours. l 
Any time the patient misses | of 2 light-orange tabiets, she should also use another method of contraception until she has taken a 
light-orange tablet daity for 7 consecutive days. l 
For full detaiis on dosage and administration, see prescribing information in package insert. 


References 1. Data submitted to FDA. 2. Fotherby K. Contraception 1985:31:367-394. 
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It is assumed by the Editors that articles emanating 
from a particular institution are submitted with the 
approval of the requisite authority. Articles dealing with 
human experimentation that require local institutional 
approval must have this approval prior to submission of the 
article for publication and it should be so indicated in the 
Methods section. Reports of experiments on animals must 
indicate which guidelines for the care and use of the 
animals were followed. 

Statements and opinions expressed in articles and com- 
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liability for such material. Neither Editor(s) nor Publisher 
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only on 22 by 28 cm (8 1/2 by 11 inch) white bond paper 
with | inch margins at top, bottom, and sides. Number 
pages consecutively in the upper right-hand corner in the 
following order: title page, abstract, body of text, refer- 
ences, legends, and tables. 
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title (concise and suitable for indexing purposes); author 
line with first name, middle initial, and last name of all 
authors and their highest academic degree (both M.D. and 
Ph.D. are acceptable); city(ies), state(s) in which the study 
was conducted; divisional, or departmental, and institu- 
tional affiliations at the time the study was performed; 
acknowledgement of source(s) of support; presented line, if 
applicable; disclaimers, if any; name and address of author 
to whom requests for reprints should be addressed (if 
reprints will not be available, it should be so stated); and 
name and address of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Abstract page and key words/phrases. On manuscript 
page two is the abstract, also typed double spaced with the 
required margins and headed by the title of the article and 
author(s) name(s). Abstracts for regular articles, Current 
Investigation, Clinical Opinion, and Current Development 
may not exceed 150 words. Abstracts for case reports and 
brief communications may not exceed 50 words. Below the 
abstract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations since the emphasis is on the “action” rather 
than the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it is 
a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
name of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
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rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations to those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgements. Acknowledge only persons who 
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References. Limit of 16 references, except for case 
reports and brief communications, limited to 2, and Cur- 
rent Development, for which there is no limit. Number 
references consecutively in the order in which they are 
mentioned in the text. Use the format of the “Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals.” Journal titles should conform to abbreviations 
used in Cumulated Index Medicus. 

Illustrations and tables. A reasonable number of half- 
tone and line illustrations will be reproduced without 
charge, but special arrangements must be made with the 
Editors for color reproduction. For color photographs, 
submit original transparencies and two sets of unmounted 
prints on glossy paper with good color balance. For black 
and white illustrations, submit three sets of 3 by 4 inch 
(minimum) to 5 by 7 inch (maximum) unmounted glossy 
photographic prints. Figures must be cited consecutively in 
the text in Arabic numerals and identified thusly on the 
back of the print (gummed label with author(s) name(s), 
title of article, number, and top marked clearly). Do not 
use paper clips. Legends must accompany all figures; type 
double spaced on a single sheet of paper if possible and 
number with manuscript in sequence after the references. 
Titles should be included in the legend, not on the print. 

All lettering must be done with commercially available 
paste-on letters (or numbers) or by a professional; typed or 
freehand lettering is not acceptable. All lettering must be 
in proportion to the drawing, graph, or photograph. Origi- 
nal drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted as 
glossy photographic prints with good black and white 
contrast. Consistency in size within the article is strongly 
preferred. Any special instructions regarding sizing should 
be clearly noted. Illustrations will be returned only on the 
author’s request. 

Tables should be typed on separate sheets of paper and 
included at the end of the text, one to a page. They should 
be numbered in Roman numerals. Each table must be cited 


Estimating length of manuscript 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200 word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7 page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double spaced with the required | inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 typed words in manuscript. Thus if a 
greater number of illustrations and tables are used, the length of the text should be adjusted 
accordingly. 


in sequence at an appropriate point in the text. Captions 
should be brief yet indicate clearly the purpose or content 
of each table and each column precisely defined by 
headings. Abbreviations and special designations should be 
explained in a footnote to the table. Special arrangements 
must be made with the Editors for elaborate tables because 
of space limitations. 

Illustrations and tables should supplement, not dupli- 
cate, the text; presentation in either one or the other will 
suffice. 

Permissions and photographic consent. Previously pub- 
lished tables and figures must be correctly referenced and 
written permission from the copyright holder included with 
the manuscript. Photographs of identifiable persons must 
be accompanied by signed releases or else all recognizable 
features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for a regu- 
lar article. 

Clinical Opinion. Limit of 3000 words, 16 references. 
Include abstract of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. As space for 
letters is limited, only a selection of letters submitted may 
be published. (2) A brief case presentation or a short report 
of a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double spaced. Letters should be sent to 
Dr. Zuspan. 
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Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. and the fee 
must accompany the request to publish. Information will 
be limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C. V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints. Reprints of articles must be obtained from the 
author. The corresponding author will receive a price 
schedule and order form at the time of publication. 
Reprints in quantities must be ordered from the Publisher 
with the author’s consent. 

Business communications. Communications of a busi- 
ness nature and all advertising communications should be 
addressed to: Journal Publisher, The C. V. Mosby Compa- 
ny, 11830 Westline Industrial Drive, St. Louis, Missouri 
63146, or call Journal Advertising Production Manager 
(314) 872-8370. 
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rate and patient acceptance. It is recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg. or less of estrogen. 
Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1} Thrombophiebitis or thromboembolic disorders. 2} A past history of deep vein 
thrombophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease 
4) Known or suspected carcinoma of the breast. 5) Known or suspected estrogen dependent 
neoplasia, 6) Undiagnosed abnormal genital bleeding. 7} Known or suspected pregnancy. 8} Benign 
or malignant liver tumor which developed during the use of oral contraceptives or other estrogen- 
_ €antaining products. 
Warnings: 





_ Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be strongly advised nat to smoke. 
|. Use of oral contraceptives is associated with increased risk of several serious conditions, 
4 ineluding thromboembolism, stroke, myocardial infarction, hepatic adenoma. gallbladder 
| disease, hypertension. Practitioners prescribing ora! contraceptives should be familiar with the 
- follawing information relating to these risks. 







1} Thramboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic and 
thrombotic disease associated with use of oral contraceptives is well established. Three principal 
Studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
nonfatal venous thromboembolism and stroke, both pee and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
-.. diseases without evident cause. in a study of cerebrovascular disorders in women with and without 
_ Predisposing causes. it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
. flonusers andthe risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
- infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
= United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia. obesity, diabetes. history of 
preeciamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether 
- the patient wasan oral contraceptive user or not. Oral contraceptives, however, were found to be a 
_ Clear additional risk factor. in terms of relative risk, it has been estimated that oral contraceptive 
= users who do not smoke (smoking considered a major predisposing condition to myocardial 
- infarction) are about twice as likely to have a fatal myocardial infarction compared to nonusers who 
-. 46 not smoke. Oral contraceptive users who smoke have about a 5-fold increased risk of fatal 
-- infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to 
-honusers who do not smoke. The amount of smoking is a very important factor. British investigators 
‘conciuded that the risk of thromboembolism including coronary thrombosis is directly related to the 
-dose of estrogen used in oral contraceptives; preparations containing 100 mcg. or more of estrogen 
were associated with a higher risk of thromboembolism than those containing 50-80 mcg. of 
estrogen. The relative risk of thromboembolic disease associated with progestin-only ora! 
. Contraceptives has not been determined. Cases of thremboembolic disease have been reported in 
_.  weornen using progestin-only products, and they should not be presumed to be risk-free. The overall 
>. excess mortality rate annually from circulatory diseases for oral contraceptive users was estimated 
.  tobe20 per 100,000 (ages 15-34, 5/100, 000: ages 35-44. 33/100.000: ages 45-49. 140/100 000), 
-the risk being concentrated in older women. in those with a long duration of use, and in cigarette 
- “smokers. The highest risk was found in heavy cigarette smokers (15 or more cigarettes per day} who 
used oral contraceptives and were aged 40 or older. Women who smoke should be advised not to use 
` oral contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with all of the methods of birth contra! is low compared to 
‘the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with ora! contraceptives increases with 
‘age after approximately age 30 and for myocardial infarction is further increased by hypertension. 
hypercholesterolemia, obesity, diabetes. or history of preeclamptic toxemia, and especially by 
- cigarette smoking. The physician and the patient shouid be alert to the earliest manifestations of 
= thromboembolic and thrombotic disorders (e.g.. thrombophlebitis. pulmonary embolism, 
cerebrovascular insufficiency. coronary occlusion, retinal thrombosis and mesenteric thrombosis) 
Should any of these occur or be suspected, the drug should be discontinued immediately. If feasible, 
oral contraceptives should be discontinued at least 4 weeks before sa tae of a type associated with 
af increased risk af thromboembolism or prolonged immobilization. 2} Ocular Lesions, There have 
sen reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
se of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete joss of viston: sudden onset of proptosis or diplopia. papilledema: or retina! 
vascular lesions. and institute appropriate diagnostic and therapeutic measures. 3} Carcinoma 
Long term administration of either naturdi or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast. cervix, vagina and liver. In humans. one study investigated 
the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease. nearly ali occurred in 
. women who had used a sequential orai contraceptive. No evidence has been reported suggesting an 
«increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
‘contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
oral contraceptives with documented benign breast disease. There is at present no confirmed 
avidence from human studies of an increased risk of cancer associated with oral contraceptives. 
Close clinical surveillance of ail women taking oral contraceptives is essential. In all cases of 
undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules. fibrocystic disease or abnormal mammograms should be monitored with 
particular care if they elect to use oral contraceptives. 4) Hepatic Adenoma. Benign hepatic adenomas 
have been found to be associated with the use of oral contraceptives. One study reported a higher risk 
associated with oral contraceptive formulations with high hormonal potency. Although benign and 
rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as jong term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use. the risk being much greater after 4 or more years ot 
oral contraceptive use. While hepatic adenoma is a rare lesion. it should be considered in women 
presenting abdominal pain and tenderness. abdominal mass. or shock. À tew cases of hepatocellular 
carcinoma have beer reported in women taking oral contraceptives. The relationship of these drugs 
to.this type of malignancy is not known at this time. 5) Use sa Pregnancy. Birth Defects in Offspring 
and Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken pragestogens and/or estrogens during pregnancy. it has been shown that 
females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen. have an increased risk of 
developing in tater life a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90°) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of limb 
reduction detects in exposed fetuses is somewhat less than 1 in 1000 live births. in the past. female 


























estrogens are ineffective for these 


abortion. There is considerable evidence that. e inelfective 
there is no evidence from well-controlled studies that progestins are effecti 
Increases in chromosomal aberrations have been reported in women who becom 3 
after ceasing oral contraceptive therapy. Embryos with these anomalies are virtually: 
spontaneously aborted. Whether there is an overall increase in spontaneous abortion of pregn 
conceived socn after stopping oral contraceptives is unknown. itisrecommended that for any] 
who has missed two consecutive periods, pregnancy Should be ruled out before continui 
contraceptive regimen. if the patient has not adhered to the prescribed schedule, the possib 
pregnancy should be considered at the time of the first missed period and further use | 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirm 
patient should be apprised of the potential risks to the fetus and the advisability of prec 
continuation should be discussed in light of these risks. it is also recommended that wame 
discontinue oral contraceptives with the istent of becoming pregnant use an alternate fi 
contraception for a period of time before attempting to conceive. Many clinicians recommen 
months Administration of progestin-only or progestin-estrogen combinations to induce with 
bleeding should not be used as a test for pregnancy. 6) Gall Bladder Disease. Studies have repor 
increased risk Wf surgically confirmed gallbladder disease appearing after one year c 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate anc 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percent 
patients on orai contraceptives. -or this reason, prediabetic and diabetic patients should be ca 
observed while receiving oral contraceptives. Increased serum levels of triglycerides ani 
phospholipids have been observed in oral contraceptive users. The clinical significance i 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressu 
been reported in women receiving oral contraceptives. The prevalence of hypertension i 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive u 
increases with longer exposure and in the fifth year of use is two and one-half to three tim 
reported prevalence in the first year. Women who previously had hypertension during pregnanc 
be more likely to develop elevation of biocd pressure when given oral contraceptives. 9) Head, 
The onset or exacerbation of migraine or development of headache of a new pattern wh 
recurrent. persistent or severe, requires discontinuation of oral contraceptives and investiga’ 
the cause. 10) Bleeding Irregularities, Breakthrough bleeding, spotting and amenorrhea are fre 
reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all ca 
irreguiar bleeding from the vagina, nonfunctional causes should be borne in mind. In undiag 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measur 
indicated to rule out pregnancy or malignancy, It pathology has been excluded. time or chai 
another formulation may solve the problem. Changing to an oral contraceptive with a higher est 
content. while potentially useful in minimezing menstrual irregularity, should be done c 
necessary since this may increase the risk of thromboembolic disease. Women with a past hist 
oligomenorrhea of secondary amenorrhea or young women without regular cycles may r 
tendency to remain anovulatory or to become amenorrheic after discontinuation ol 
contraceptives. Women with these preexisting problems should be advised of this possibili 
encouraged to use other contraceptive methods. 11) Ectopic Pregnancy Ectopic as w 
intrauterine pregnancy may occur in contraceptive failures. However, in oral contraceptive fai 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral contrace) 
since the drugs are more effective in preventing intrauterine rather than ectopic pregnanc: 
higher ectopic-intrauterine ratio has beer reported with both combination products and prog 
only oral contraceptives. 12) Breast Feeding. A small fraction of the hormona! agents H 
contraceptives has been identified in the milk of mothers receiving these drugs. The tong- 
effect to the nursing infant cannot be determined at this time. 

Precautions: t} A complete medical and family history should be taken prior to the initiation ¢ 
contraceptives. Examination should include special reference to blood pressure, breasts, abd 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a genera 
oral contraceptives should not be prescribed for longer than 1 year without another ph 
examination being performed. 2) Under the influence of estrogen-progestogen prepara 
preexisting uterine leiomyomata may increase in size. 3) Patients with a history of p! 
depression should be carefully observed and the drug discontinued if depression recurs to a si 
degree 4) Because oral contraceptives may cause some degree of fluid retention, conditions 
might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, carc 
renal insufficiency or asthma require careful observation 5} Patients with a past history of jau 
during pregnancy have an increased risk cf recurrence of jaundice while receiving oral contrac 
therapy. If jaundice develops in any patient receiving such drugs. the medication shou 
discontinued. 6) Steroid hormenes may be poorly metabolized in patients with impaired 
function and should be administered with caution in such patients. 7) bral contraceptive user: 
have disturbances in normal tryptophan metabolism which may result in a relative pyrid 
deficiency. The-clinical significance of this is yet to be determined. 8} Serum folate levels m 
depressed by oral contraceptive therapy This may complicate subsequent pregnancy with reg. 
folate deficiency. 9) The pathologist should be advised of oral contraceptive therapy when rel 
specimens are submitted. 10) Certain.encocrine and liver tunction tests and blood component: 
be affected by estrogen-centaining oral contraceptives a. increased sulfobromophthatein reter 
b. increased prothrombin and factors Vil. Vill, IX. and X, decreased antithrombin 3: incr: 
norepinephring-induced platelet aggregability. c. Increased thyroid binding globulin (TBG) le 
to increased circulating total thyroid hormone. as measured by protein-bound iodine (PBI), 
column, or Te by radioimmunoassay. Free T: resin uptake is decreased, reflecting the ele 
TBG. free T: concentration is unaltered. d Decreased pregnanediol excretion. e, Reduced res; 
to metyrapone test. 11) The active yellow tablets and the inert green tablets in Ovcon-5G (21a 
day regimens) and the inert green tablets in the 28 day regimen of Ovcon-35 contain FD&C Yello 
5 {tartrazine} which may cause allergic-type reactions (including bronchial asthma) in e 
susceptible individuais. Although the overall incidence of FD&C Yellow No. 5 (tartrazine} sens 
in the general population is low, it is frequently seen in patients who also have a: 
hypersensitivity 

information for the Patient: Detaied Patient Labeling has been prepared for use by the patient an 
been made available for distribution by the pharmacist. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding have 
associated with concomitant use of rifampin. A similar association has been suggested 
barbiturates. phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 

Adverse Reactions: An increased risk of the following serious adverse reactions has been assoc 
with the use of oral contraceptives (see Warnings}: Thrombophiebitis. pulmonary embo 
coronary thrombosis, cerebral thrombosis. cerebral hemorrhage. hypertension. gall bk 
disease. congenital anomalies. There is evidence of an association between the following condi 
and the use of pral contraceptives. although additional confirmatory studies are needed: Mesei 
thrombosis, benign hepatomas, neuro-ocular lesions. e.g.. retinal thrombosis and optic neu 
The following adverse reactions have been reported in patients receiving oral contraceptives ar 
believed to be drug related: Nausea and/or vomiting, esually the most common adverse react 
occur if approximately 10% or less of patients during the first cycle (other reactions, as a ge 
rule, are seen much tess frequently or only occasionally), gastrointestinal symptoms {Sut 
abdominal cramps and bloating): breakthrough bleeding: spotting: change in menstrual 
dysmenorrhea: amenorrhea during and after treatment, temporary infertility after discontinuar 
lreatment, edema, chioasma or melasma which may persist: breast changes (tender: 
enlargement. and secretion}; change in weight (increase or decrease}: change in cervicalerosio 
cervical secretion: possible diminution in jactation when given immediately postpartum: chole: 
jaundice. migraine: increase in size of uterine leiomyomata: rash (allergic). mental depres 
reduced tolerance to carbohydrates: vaginal candidiasis. changes in corneal curvature (steeper 
intolerance to contact lenses. The following adverse reactions have been reported in users ò 
contraceptives. and the association has been neither confirmed nor reluted: Premenstrua 
syndrome, cataracts. changes in libido, chorea. changes in appetite. cystitis-like syndr 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme. eryt! 
nodosum., hemorrhagic eruption, vaginitis, porphyria. 

Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large c 
of oral contraceptives by young children. Overdosage may cause nausea. and withdrawal bier 
may occur in females. 
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Summary of analysis of published articles 


September 1, 1985, through August 31, 1986 


Each year a retrospective analysis of the articles published in the JOURNAL is presented 
to the readers and also to the Editorial Board and the Advisory Committee on Policy. Over 
the past seventeen years we have compiled data on the classification, category, and type 
of articles accepted and published. A comparison of the data for the last two years is 
presented in Table I. A comparison of publication time in the AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY of regular articles (excluding society articles) for 1981-1982 
through 1985-1986 is shown graphically in Fig. 1, on page 526. Readers and authors 
should note the time from acceptance to publication was 3.64 months for the period 
analyzed in 1986.* The circle graphs on page 526 show the articles and page utilization 
for 1986 by classification (Fig. 2A) and by category (Fig. 2B). 


*Publication time of regular articles from time of acceptance to publication: 1982, 4.72 months; 
1983, 4.95 months; 1984, 5.60 months; 1985, 4.90 months; 1986, 3.64 months. 


Table I. Comparison of data on classification, category, and type of articles published in 1985 and 1986 


` No. of Average length No. of Average length 
articles Pages per article articles Pages per article 





Classification of article: 


Clinical 273 1175 363 1478 

Clinical Investigation 206 1059 117 631 

Basic Research 115 619 88 512 
Total 594 2853 568 2621 

Category of articles: 

Obstetrics 230 1080 216 872 

Gynecology 188 948 172 896 

Fetus, Placenta, Newborn 175 819 167 793 

Education l 6 13 60 
Total 594 2853 568 2621 

Composition of JOURNAL based on 

type of article: 

Regular 317 1653 52 286 1423 5.0 

Society 145 862 6.0 140 825 5.9 

Brief Communication/Case 103 169 1.6 115 193 1.7 
Report 

Current Development 6 64 10.7 8 89 11.1 

Current Investigation 8 25 3.1 2 9 4.5 

Clinical Opinion 15 80 9:3 17 82 4.8 
Total 594 2853 568 2621 
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Fig. 1. Five-year comparison of publication time of regular articles (excluding society articles) in the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY. 
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Fig. 2A. Articles and page utilization for 1986 by classification. 
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Fig. 2B. Articles and page utilization for 1986 by category. 


CLINICAL SECTION 





Clinical Opinion 


The use and misuse of the fetal biophysical profile 


Anthony M. Vintzileos, M.D., Winston A. Campbell, M.D., David J. Nochimson, M.D., and 


Paul J. Weinbaum, M.D. 


Farmington, Connecticut 


The value of the fatal biophysical profile in determining fetal well-being has been well documented. The 
increasing clinical use of the fetal biophysical profile, however, has led to the recognition of frequent errors 
in the interpretation and application of this modality. These errors may result in unnecessary interventions 
or acverse perinaial outcome. The most frequent errors in the interpretation and application of the fetal 
biophysical profile are described; in an attempt to minimize the misuse of the fetal biophysical profile, an 
alternative protocol of antepartum fetal evaluation is suggested based upon the information obtained from 
the biophysical monitoring of the fetus. (Am J Osstet GYNECOL 1987;156:527-33.) 


Key words: Fetal biophysical profile, antepartum fetal evaluation 


The fetal biophysical profile (nonstress test, fetal 
movements, fetal breathing movements, fetal tone, 
amniotic fluid volume, placental grading) has been 
shown to be more accurate in the identification of the 
compromised fetus than any other single test during 
the antepartum period.’ Its predictive value in an- 
tepartum fetal surveillance has been very well docu- 
mented for patients with intact as well as ruptured 
membranes." In high-risk patients with intact mem- 
branes it has been shown to be more accurate than the 
contraction stress test? and the nonstress test.” The 
method used for determination of the fetal biophysical 
profile has been previously reported.'’ Fetal biophys- 
ical variables have been assigned an arbitrary score of 
2 when normal and 0 when abnormal.” In our insti- 
tuticn the fetal biophysical variables, including placen- 
tal grading, have been assigned an arbitrary score of 
2, 1. or 0 (modified from the biophysical scoring of 
Manning et al.'®). Regardless of the differences in the 
scoring criteria, in all reported studies a fetal biophys- 
ical profile score of 8 or more has been considered 
reassuring of fetal well-being and a score of 7 or less 
nonreassuring.''? In the past, management proto- 


cols were suggested based on the biophysical profile _ 


scoring.'** 
The purpose of this communication is to discuss the 
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physiology and pathophysiology of the fetal biophysical 
activities so that the clinician understands what the 
presence or absence of a given biophysical activity 
means, to describe the most frequent errors in the in- 
terpretation and clinical application of the fetal bio- 
physical profile, and to present a simple approach of 
antepartum determination of fetal well-being using the 
information obtained from the biophysical monitoring 
of the fetus. 


Physiology and pathophysiology of fetal 
biophysical activities 


Dynamic biophysical activities are not random events 
but rather are initiated and regulated by complex in- 
tegrated mechanisms of the fetal central nervous sys- 
tem. The presence of a normal biophysical activity is 
indirect evidence that a given portion of the central 
nervous system that controls the activity is intact and 
functioning and therefore nonhypoxemic. The ab- 
sence of a given fetal biophysical activity, however, is 
much more difficult to interpret, since it may reflect 
either pathologic depression or normal periodicity. 
The periodicity in the biophysical activities has been 
shown’ '* to be short term (20 to 40 minutes) or long 
term, similar to circadian (diurnal) rhythms seen in 
extrauterine life. 

Factors that cause fetal central nervous system 
depression may reduce or abolish fetal biophysical ac- 
tivities. Fetal hypoxemia produces a dramatic decrease 
of fetal heart rate reactivity and fetal breathing move- 
ments and, when severe, will result tn reduced or absent 
fetal movements and fetal tone. Central nervous sys- 
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tem depressants such as analgesics (morphine, meper- 
idine), sedatives (barbiturates, diazepam), and anes- 
thetics (halothane) reduce or inhibit fetal biophysical 
activities. In contrast, central nervous system stimulants 
such as hyperglycemia and catecholamines may result 
in increased biophysical activities. 

The nervous impulses that initiate fetal biophysical 
activities arise from different anatomic sites within the 
brain.* >" The sensitivity of these areas to hypoxemia 
is unknown, but it has been strongly suggested that 
variations in sensitivity exist.*” During the fetal neu- 
rodevelopment, a higher oxygen level is required for 
newly developing central nervous system centers and 
for reflex biophysical activities. The biophysical activ- 
ities that become active first in fetal development are 
the last to disappear when asphyxia arrests all bio- 
physical activities.“ For example, the fetal tone center 
(cortex-subcortical area) is the earliest to function dur- 
ing intrauterine life (7.5 to 8.5 weeks)" and is the last 
to disappear during asphyxia. The fetal movement cen- 
ter (cortex-nuclei) starts functioning at approximately 
9 weeks,’ and accordingly, it is more sensitive to hy- 
poxia than the fetal tone center. Although isolated fetal 
breathing movements have been documented as early 
as 13 to 14 weeks, diaphragmatic contraction and reg- 
ular fetal breathing do not occur until 20 to 21 weeks,” 
when the fetal breathing movement center (ventral sur- 
face of the fourth ventricle) is fully developed and func- 
tioning. The fetal heart rate reactivity center (posterior 
hypothalamus, medulla), which starts operating by the 
end of the second trimester or early third trimester, is 
therefore the most sensitive to hypoxia. In the ante- 
partum fetal evaluation the presence or absence of the 
acute markers of the fetal condition (nonstress test, fetal 
breathing movements, fetal movements, and fetal tone) 
will determine the level of fetal compromise at the time 
of testing.’ The fetus with suboptimal oxygenation will 
usually present with nonreactive nonstress testing and 
absence of fetal breathing at the initial stages of hy- 
poxia; if hypoxia becomes worse, the fetal body move- 
ments and fetal tone will be abolished (gradual hypoxia 
concept). In our reported experience*’ all hypoxic fe- 
tuses—-as determined by umbilical cord pH measure- 
ments—had nonreactive nonstress tests and in no cases 
was fetal breathing present. These hypoxic fetuses had 
perinatal death rate of 0 when fetal movements were 
normal. When the fetal movements were decreased or 
absent, the perinatal death rate ranged from 20% to 
75%. When the fetal tone also was poor, the perinatal 
mortality was 100%. This correlation between the grad- 
ual hypoxia concept and perinatal otucome has been 
further confirmed by our subsequent experience with 
a total of 6543 fetal biophysical profiles. 

Amniotic fluid volume, unlike the other biophysical 
variables, is not acutely influenced by alterations in 
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fetal central nervous system function. It is included 
in the fetal biophysical profile because of the high 
correlation between decreased amniotic fluid volume 
and increased incidence of abnormal pregnancy out- 
come.**'* It is a chronic marker of the fetal condition. 
The mechanism by which chronic fetal asphyxia results 
in oligohydramnios is not fully elucidated but may in- 
volve hypoxia-induced reflex redistribution of cardiac 
output with preferential shunting of blood away from 
the lung and kidney, the two major sources of fluid 
production in later pregnancy.” Fetuses with decreased 
amniotic fluid volume are at high risk for cord compres- 
sion and in utero death.**”'* In our institution pla- 
cental grading is also included in the fetal biophysical 
profile, since cases with grade III placentas have been 
found to be associated with increased incidence of ab- 
normal fetal heart rate patterns and abruptio placentae 
during labor.*” The value of including placental grad- 
ing is to alert the physician during the intrapartum 
period in the presence of a grade III placenta. 


Misuse of the fetal biophysical profile 


The most common errors that clinicians make when 
they use the fetal biophysical profile as a means of an- 
tepartum fetal evaluation are outlined below: 

Management decisions based on the score alone. 
This is the most frequent error among clinicians who 
use the fetal biophysical profile for fetal surveillance. 
This error may lead to unnecessary interventions or 
preventable adverse perinatal outcome. Although it has 
been repeatedly stated *” that management should be 
based not solely on the score but also on the score 
components, this principle has not been emphasized 
strongly enough in the literature; the end result is that 
clinicians tend to base their decisions on the score alone. 
Based on our experience (6543 fetal biophysical pro- 
files over a 4-year period), the correct interpretation of 
the information obtained from the fetal biophysical 
monitoring should primarily rest on the individual bio- 
physical components rather than on the score. This 
approach of considering the components rather than 
the overall score 1s an absolute necessity in order to 
decrease both false positive and false negative exami- 
nations. An example of a false positive examination (if 
the score is to be used for management) is the fetus 
with the biophysical profile score of 4 as determined 
by the presence of reactive nonstress test and normal 
amount of amniotic fluid. This fetus has a nonreassur- 
ing score; however, the presence of reactive nonstress 
test rules out fetal hypoxia, and the fact that the other 
biophysical components (fetal breathing movements, 
fetal movements) are not cbserved during the real-time 
scanning is due to normal periodicity. The low bio- 
physical score in this case cannot be the result of fetal 
compromise because the nonstress test is reactive, and 
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based on the gradual hypoxia concept," ” '* one of the 
first manifestations of fetal compromise should be non- 
reactive nonstress testing. In this case the overall low 
biophysical score should not alarm the physician, and 
the decision on repeat testing or delivery should be 
decided on the basis of a normal test result. An example 
of what may turn out to be a false negative examination 
(if the score is to be used for management) is the case 
of the fetus with a biophysical score of 8 or more and 
oligohydramnios. This fetus may be well oxygenated 
in the presence of normal acute markers (reactive non- 
stress test and/or fetal breathing present); however, 
cord accident is a possibility because of oligohydram- 
nios and a vulnerable cord. If the pregnancy is at or 
near term this fetus should be delivered* "5 regardless 
of the reassuring score because there is a high incidence 
of cord accident and in utero death in spite of the 
evidence of good fetal condition at the time of testing, 
as evidenced by the presence of the other biophysical 
components. Although previous investigators have sug- 
gested a management protocol based on the score, the 
presence of oligohydramnios has been considered as 
an indication for delivery regardless of the overall 
score. In viable preterm gestations, frequent testing or 
delivery has been advocated depending on the individ- 
ual case.*’ 

Management based on the biophysical profile re- 
sults without considering the overall clinical context 
of each case. Disregarding the overall clinical context 
of a given case and deciding for management on the 
biophysical profile results alone has been a common 
error among physicians who utilize the fetal biophysical 
profile. Since there is no perfect test which, when nor- 
mal, guarantees good outcome in 100% of the cases, 
the plan of management should consider the circum- 
stances of each case. In our opinion, even in the pres- 
ence of a normal biophysical profile result, delivery is 
indicated in the presence of a growth-retarded fetus 
with confirmed pulmonary maturity; regardless of the 
biophysical profile results, delivery is also indicated in 
postdate pregnancies with a favorable cervix or in the 
presence of overriding medical complications (for in- 
stance, deteriorating pregnancy-induced hyperten- 
sion). The clinician should realize that the information 
obtained from the fetal biophysical monitoring is only 
a part of the entire clinical picture and should be viewed 
as such in the decision-making process. 

Interval between testing when the previous test re- 
sult is normal, equivocal, or abnormal. The interval 
between normal test results has in general been 1 week. 
As a practical rule this frequency of testing may be 
appropriate in certain cases. However, there are certain 
high-risk cases (postdate pregnancies, insulin-depen- 
dent diabetes mellitus) that are in need of more fre- 
quent testing (twice a week); this has been already rec- 
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ognized and suggested by some investigators.” In the. 
series of Manning et al.,° which involved 12,620 high- 
risk patients managed with fetal biophysical profile as- 
sessment as the means of antepartuum fetal evaluation, 
there were eight perinatal deaths of structurally normal 
fetuses within 7 days after a reassuring biophysical as- 
sessment. Seven of these eight fetuses had test-to-death 
interval between 5 and 7 davs, and only one had a test- 
to-death interval of 3 days. It is reasonable to expect 
that increased frequency of testing (for instance, 
twice a week) might have prevented some of these 
deaths. Based on published data™ as well as our ex- 
perience,*'° the only means to reduce the false negative 
rate is to further increase the frequency of testing. It 
is our opinion that the interval between normal tests 
should be individualized according to the circumstances 
of each case. 

In cases with an equivocal or abnormal previous test 
result, some investigators have advocated repeat testing 
within 24 hours.’ Many clinicians will test in 24 hours. 
We belive that retesting in 24 hours after an equivocal 
or abnormal test is unreasonable. A delay of 24 hours 
in cases of a nonreassuring fetal evaluation test has 
occasionally resulted in intrauterine death. This is a 
completely preventable castastrophe with no reason- 
able excuse, given the fact that the previous test was 
not indicative of fetal well-being. Delaying 24 hours 
makes no sense if the fetus is really in jeopardy; on the 
other hand, if the nonreassuring biophysical monitor- 
ing is the result of normal periodicity, then a repeat 
nonreassuring testing 24 hours later may still be the 
result of absent fetal activities because of normal pe- 
riodicity. In our opinion there is no room for uncer- 
tainty between tests; a definite judgment about fetal 
condition should be made before the patient is dis- 
charged home. Repeat testing within 24 hours, after 
an equivocal or abnormal test result, is to be avoided; 
in such cases we would advocate extended testing im- 
mediately following the initial nonreassuring test result 
in order to differentiate the sleeping from the as- 
phyxiated fetus and to avoid in utero deaths that may 
occur in the interim. 

Procrastination or reluctance to act promptly on the 
abnormal test result. In certain situations, such as ges- 
tations with an unfavorable cervix or preterm gesta- 
tions, there is a natural reluctance from many clinicians 
to act and pursue appropriately an abnormal test result. 
The clinician is frequently hesitant to induce labor in 
a patient with an unfavorable cervix because of the 
increased risk of failed induction and therefore cesar- 
ean section. However, since the clinician chooses to ap- 
ply fetal evaluation even in patients with unfavorable 
cervix, he or she is obliged to pursue the abnormal test 
result rather than procrastinating because of cervical 
unripeness. In preterm gestations clinicians justify their 
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procrastination on the assumption that the biophysical 
activities of the fetus are not known during early ges- 
tational ages; in these preterm gestations, however, the 
clinician should take advantage of the fact that the 
sleeping cycles of the fetus are much shorter compared 
to those at term and therefore the incidence of false 
positive biophysical profile examinations is extremely 
low. For instance, a fetus at <30 weeks’ gestation who 
does not exhibit any biophysical activities in a 30-minute 
observation period under real-time scanning is appar- 
ently asphyxiated and not sleeping. As the gestational 
age advances, the sleeping cycles become longer (40 to 
60 minutes), and only then may an abnormal biophys- 
ical profile result be due to normal periodicity or fetal 
compromise. It is our opinion that an abnormal fetal 
biophysical result in a very preterm gestation should 
be pursued aggressively because it is rarely false posi- 
tive. The normal fetal biophysical profile and activities 
in preterm gestations, as well as throughout gestation, 
have been recently defined by our group.’ 

Assessment of the ultrasound-monitored biophys- 
ical variables without including the nonstress test. Al- 
though it has been suggested that the addition of the 
nonstress test does not improve the discriminative ac- 
curacy when all ultrasound-monitored variables are 
normal,’ we would not advocate this approach. In our 
opinion the nonstress test should be an integral part of 
the fetal biophysical monitoring because not only is it 
a sensitive indicator of fetal condition, but also, if vari- 
able decelerations are present, it may select those fe- 
tuses who are candidates for a cord accident. Since 
spontaneous variable decelerations can escape detec- 
tion when only real-time scanning is used, it is possible 
to miss the occasional fetus who is a candidate for a 
cord accident in spite of the presence of normal am- 
niotic fluid. The variable decelerations in these cases 
may be the result of a cord abnormality (short cord, 
true knot, etc.) or abnormal cord position (for example, 
tight nuchal cord). Since certain fetuses who are can- 
didates for a cord accident will manifest spontaneous 
variable decelerations in the presence of normal am- 
niotic fluid volume, we still continue to use the nonstress 
test as an integral part of the fetal biophysical profile 
assessment. 

Inexperience of the operator and faulty technique. 
One of the most frequent errors occurs in the quali- 
tative assessment of the amniotic fluid volume. By def- 
inition, measured pockets of amniotic fluid should be 
free of umbilical cord. It is imperative therefore for 
the operator to make sure that he does not include cord 


loops in his measurements. Inclusion of cord loops in 


the qualitative amniotic fluid assessment will as a result 
cause a false sense of security that it is a normal amount 
of amniotic fluid, whereas it may be decreased and the 
fetus be in jeopardy. Another area that also needs fur- 
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ther clarification is the definition of the “normality” of 
the observed biophysical activities. For the purpose of 
antepartum fetal surveillance, fetal breathing is consid- 
ered to be present only if it is continuous (breath-to- 
breath intervals of <6 seconds). Isolated breathing 
movements sepa: ated by 26 seconds should not be con- 
sidered to be fetal breathing present. Similarly, fetal 
body movements are considered to be present only if 
rolling trunk movements are observed (three or more 
within 30 minutes). Isolated limb movements should 
not be considered to be fetal movements present. Re- 
garding the ultrasound technique used for assessment 
of the fetal biophysical variables, it is reasonable to rec- 
ommend that the operator use the technique with 
which he is most familiar. The technique that we use 
for the most part consists of a transverse abdominal 
scan with simultaneous visualization of the fetal ab- 
domen, fetal limbs, and amniotic fluid. In this plane 
we measure the largest amniotic fluid pocket and also 
are able to simultaneously observe any breathing activ- 
ity (by observing the expansion of the fetal abdominal 
wall), fetal body movements (as evidenced by rolling 
circular motion of the spine), and fetal tone (as evi- 
denced by extension of the extremities and return to 
the position of flexion); very frequently the placenta is 
also visualized in this plane. 


Proposed protocol of antepartum fetal evaluation 
based on information obtained from the fetal 
biophysical assessment 


It is clear from the aforementioned discussion that 
the fetal biophysical profile is designed to assist the 
clinician to ascertain the following: (1) The fetal con- 
dition at the time of testing. This judgment should be 
based on the presence or absence of the acute markers 
of the fetal condition, namely, the nonstress test, fetal 
breathing movements, fetal movements, and fetal tone. 
(2) The degree of fetal compromise. This judgment is 
based on the presence or absence of the acute markers 
of the fetal condition interpreted according to the grad- 
ual hypoxia concept. (3) The possibility of chronic fetal 
stress or compromise. This judgment should be made 
on the basis of the amniotic fuid volume. (4) The pos- 
sibility of in utero death because of cord accident. This 
judgment should be made based on the presence or 
absence of oligohydramnios and/or variable decelera- 
tions during nonstress testing. (5) Increased risk for 
intrapartum abnormal fetal heart rate patterns and 
abruptio placentae. This judgment should be based on 
the presence of a grade III placenta. It should also be 
emphasized that the fetal biophysical profile is designed 
to detect the presence of anomalous fetuses,'**’ and 
this information may modify further management. The 
fetal biophysical profile was not designed to predict the 
presence or absence of other abnormal outcomes such 
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Fig. 1. Protocol of antepartum fetal evaluation for pregnancies with intact membranes. NST = 
Nonstress test, U/S = ultrasound, AFV = amniotic fluid volume, FBM = fetal breathing, FM = 
fetal movements, FT = fetal tone, PL = placental grading, ® = present/normal, and © = ab- 
sent/abnormal. *In the presence of variable decelerations and oligohydramnios censider delivery; 
in the presence of variable decelerations and normal AFV consider extended (120 minutes) or repeat 


NST within 24 hours. 


as intrauterine growth retardation, postdatism, ability 
of the fetus to tolerate labor, meconium aspiration, pre- 
mature labor, and abruptio placentae. 

Considering the physiology and pathophysiology of 
the fetal biophysical activities as well as the erroneous 
judgments that could result from using the score alone 
and not the score components, we recommend an al- 
ternative scheme of antepartum fetal evaluation. We 
have applied this scheme in 6543 fetuses over a 4-year 
period, and we have encountered only one in utero 
death, which occurred 2⁄2 weeks after a reassuring fetal 
biophysical assessment. When evaluating the fetus of a 
high-risk pregnancy, we ask three questions and the 
pregnancy is continued only if the fetus qualifies for 
normality by all three questions: 

I. Is the fetus compromised at the time of testing? 
We recommend that a reactive nonstress test (two or 
more fetal heart rate accelerations in a 10-minute 
period) or presence of fetal breathing for >30 sec- 
onds*’ (even in the presence of a nonreactive nonstress 


test) indicate fetal well-being at the time of testing. A 
word of caution should be addressed at this point re- 
garding the presence of fetal breathing as a sign of 
well-being in fetuses of diabetic mothers. We have en- 
countered two hypoxic fetuses of diabetic mothers who 
had fetal breathing just before delivery by cesarean 
section, but in both cases maternal hyperglycemia was 
present when breathing was observed. Since maternal 
hyperglycemia increases fetal breathing, we would rec- 
ommend that fetal breathing should be regarded as a 
sign of well-being only in the presence of maternal 
normoglycemia at the time of testing. 

In the presence of a nonreactive nonstress test, real- 
time scanning is performed for a maximum 30-minute 
observation period. If fetal breathing is detected (last- 
ing >30 seconds, the examination is terminated and 
further management is based on the amniotic fluid vol- 
ume assessment. If all acute markers (fetal breathing, 
fetal movements, fetal tone) are absent or compromised 
after 30 minutes of continuous observation, prompt 
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delivery is undertaken. This action is based on the fact 
that these fetuses almost never improve their biophys- 
ical assessment on repeat testing because they are se- 
verely compromised.*° If the fetus has a nonreactive 
nonstress test and there is absence of fetal breathing 
but movements and tone are present, we would rec- 
ommend extended nonstress testing to differentiate 
sleeping state from asphyxia. The nonstress testing is 
continued until a reactive pattern is observed or 120 
minutes of continuous fetal heart monitoring have 
elapsed. At the end of the 120-minute period if the 
nonstress test is still nonreactive, the ultrasound-mon- 
itored variables (fetal breathing, fetal movements, and 
fetal tone) are reassessed. This is helpful in determing 
the degree of fetal compromise according to the grad- 
ual hypoxia concept. If after this extended testing the 
nonstress test remains nonreactive and no fetal breath- 
ing is observed, then delivery is considered. If the fetus 
is not compromised at the time of testing as evidenced 
by the presence of a reactive nonstress test and/or fetal 
breathing, the clinician should proceed with the fol- 
lowing question. 

2. Is the fetus a candidate for a cord accident? This 
clinical judgment is based on the presence or absence 
of oligohydramnios and/or variable decelerations dur- 
ing nonstress testing. If there are no variable deceler- 
ations and a normal amount of amniotic fluid, then 
testing is repeated after individualizing for each case. 
The presence of oligohydramnios (largest pocket, <2 
cm)* at a term or near term gestation with intact 
membranes is considered an indication for delivery re- 
gardless of the normality of the other fetal biophysical 
components because these fetuses are at high risk for 
cord accident and in utero death. The combination of 
oligohydramnios and variable decelerations during 
nonstress testing is an indication for delivery in viable 
fetuses regardless of gestational age. In a preterm ges- 
tation with intact membranes in which fetus seems to 
be a candidate for a cord accident (as evidenced by 
decreased amount of amniotic fluid or variable decel- 
erations), individualization is recommended, and if de- 
livery is not undertaken, testing (every 24 hours) is the 
plan of management. The frequency of testing should 
be dictated by the amount of amniotic fluid volume. In 
cases in which the amniotic fluid volume seems subjec- 
tively diminished but the largest amniotic fluid pocket 
measures >2 cm, we would recommend increased fre- 
quency of testing (twice a week). If the fetus does not 
seem to be a candidate for a cord accident, as evidenced 
by normal amniotic fluid volume and no variable de- 
celerations, then the clinician should proceed with the 
following question. 

3. Is the fetus growing normally? This question 
mainly pertains to cases of suspected intrauterine 
growth retardation. In our unit these fetuses are fol- 
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lowed by serial ultrasound growth parameters every 2 
weeks in addition to the fetal biophysical monitoring. 
If there is normal rate of growth and normal biophys- 
ical assessment, the pregnancy is allowed to continue. 
However, if there is suboptimal or arrested rate of 
growth at term or near term, delivery is undertaken. 
If delayed growth rate is diagnosed in a preterm ges- 
tation, frequent biophysical monitoring is indicated. 
The protocol of antepartum fetal surveillance for 
pregnancies with intact membranes, used at the au- 
thors’ institution, is illustrated in Fig. 1. We believe that 
this alternative protocol of antepartum fetal surveil- 
lance, without including the scoring of the biophysical 
variables, will eliminate most of the problems encoun- 
tered in the clinical interpretation and application of 
fetal biophysical monitoring. The understanding of the 
physiology, pathophysiology, and the gradual hypoxia 
concept of the fetal biophysical activities, as well as the 
significance of oligohydramnios, is imperative for the 
proper clinical application of this tool and therefore 
for the improvement of the quality of perinatal care. 
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Maternal serum a-fetoprotein screening 


II. Pitfalls in low-volume decentralized laboratory performance 


James N. Macri, Ph.D., Ramana V. Kasturi, B.E., M.S., David A. Krantz, B.S., and 
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Assays of maternal serum a-fetoprotein are subject to the phenomenon of assay drift, which may be 
defined as incorrect increase or decrease of a-fetoprotein values from their true values. Low maternal . 
serum a-fetoprotein weekly volume (for example, fewer than 500 specimens per week) will result in a 
>47% probability that 10% assay drift will not be recognized. Further, laboratory reports to clinicians may 
lead to either misdirecting 43% more pregnant women (with positive drift) into further (possibly invasive) 
diagnostic procedures or the offer of further diagnostic services to 32% fewer gravidas at increased risk 
(with negative drift) than should be so managed. We address the problem outlined above and present the 
reasons for establishment of regional maternal serum a-fetoprotein screening programs operating at 
sufficient volume to permit the identification and control of assay drift. (AM J OBSTET GYNECOL 


1987;156:533-5.) 


Key words: Maternal serum a-fetoprotein, assay drift, low volume 


Maternal serum a-fetoprotein screening for the pre- 
natal detection of fetal malformations and genetic 
anomalies. is increasingly used in the United States. Be- 
cause of the.structure of health care delivery and the 
number of clinical laboratories it is possible that this 
unprecedented, population-based screening process 
will be provided in a decentralized fashion. 

Strong influence to decentralize maternal serum 
a-fetoprotein screening may be exerted by laboratories 
situated in hospitals and medical centers. Decentral- 
ized, low-volume maternal serum a-fetoprotein screen- 
ing should be of considerable concern to obstetricians 
and geneticists. We set forth the reasons for concern 
and recommend that regional, joint programs be es- 
tablished for safe and effective maternal serum «a-feto- 
protein screening. 

Since it is unlikely that most hospitals or medea 
centers will care for >3000 obstetric patients per 
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year, small, decentralized maternal serum a-fetopro- 
tein screening programs will be evaluating approxi- 
mately 12 or fewer patients per day. At such levels of 
screening, laboratories will be required to use more 
reagents for standards and controls than for patient 
specimens. The unfavorable cost effects are obvious. It 
is inevitable that economic pressure will lead to batching 
of specimens, increased turnaround time, delayed in- 
formation flow to physicians and patients, and detri- 
ment to the purpose and objectives of maternal serum 
a-fetoprotein screening. 

Few clinical laboratories in the United States have 


maternal serum a-fetoprotein screening experience, 


However, many laboratories are permitted to proceed 
without first having developed their own, independent, 
normative data and while performing maternal serum 
a-fetoprotein assays on a low-volume basis.' Under such 
conditions the likelihood of assay imprecision will be 
great. For example, the report of a workshop sponsored 
by the National Institute of Child Health and Human 
Development? implies that laboratories evaluating 50 
patient specimens per week would require recurring 
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Table IA. Probability (expressed as percent) that a given positive assay drift will be undetected at various 


assay sizes* 


No, of patients 


_ Positive assay drift (%) 


- per assay 
30 42.07 
50 22.96 52.64 46.04 
100 4.27 9.18 17.88 
150 0.68 2.28 6.55 
200 <0.1 0.51 2.22 
250 <0.1 0.11 0.73 
300 <0.] <0.1 0.23 
350 <0.1 <0.1 <0.1 
400 <Q. 1 <0.1 <0.1 
450 <0.1 <0.1 <Q. 1 
500 <0.1 <0.1 <0.1 
550 <0.1 <0.) <0.) 
600 <0.1 <0.1 <0.1 
1000 <0.1 <0.1 <0.1 


31.21 48.01 = om 
16.11 39.98 er om 
7.78 91.19 43.64 = 
3.67 13.35 34.46 i5 
1.66 8.23 27.09 oe 
0.73 5.05 91.19 T 
0.32 3.07 16.35 48.01 
0.13 1.79 12.5] 43.64 
<0.1 1.04 9.51 39.36 
<0.] 0.60 7.08 35,20 
<0.] 0.35 5.37 31.56 
<0] <0.] 0.45 12.30 


*Based on type if error associated with hypothesis testing at a level of sencance of 0.05. 


TDesignated percent of assay drift falls within acceptable limits. 


Table IB. Probability (expressed as percent) that a given negative assay drift will be undetected at various 


assay sizes* 


No. of patients 


. Negative ¢ assay drift (%) 


per assay 

30 38.21 

“50 13.35 26. i 49. 07 
100 0.49 2.94 10.75 
150 <0.1 0.22 2.07 
200 <0. ] <0.1 0.34 
250 <0.1 <0.1 <0. 1 
300 <0.1 <0. 1 <0.1 
350 - <0.1 <0.1 <0.1 
400 <0.1 <0.1 <Q. 1 
450 <0.1 <0.1 <0.1 
500 <0.1 <0.1 <0.1 
550 <0.1 <0.1] <0. 
600 <0. <0.I © <0.] 
1000 <0.1 <0.1 <0.] 


96.43 47.61 gee we 


10.03 28.77 — ans 
3.44 16.35 42.47 mme 
1.07 8.69 32.28 a 
0.31 4.55 23.89 Si 

<0.1 2.28 17.62 —_ 

<0. 1 L.10 12.7] 48.01 
<0.1 0.52 9.01 42.86 
<0.] 0.24 6.30 38.2) 
<Q. G.I -4.36 33.72 
<O.] <0] 3.01 29.81 
<0.1 <0] ` 0.12 10.03 


*Based « on type I] error associated with hypothesis testing at a level of significance of 0.05. 


+Designated percent of assay drift falls within acceptable limits. 


blocks of time (3 months) and recurring levels of patient 
volume (600 patients) to be able to assess the quality of 
assays performed during the 3-month period. These 
conditions and time lag are incompatible with the best 
interests of clinicians and patients, who will have al- 
ready passed critical points of decision-making. 

At low-volume levels the intrinsic problems of assay 
drift could be difficult, if not impossible, to monitor in 
a timely fashion (before physician receipt of report). 
The private and public proficiency testing programs 
that are appearing are not likely to solve for clini- 
cians the inherent potential for I inaccuracy which we 
describe. 

Information from proficiency testing programs in- 


dicates that even experienced maternal serum a-feto- 
protein laboratories will experience assay drift.* Un- 
recognized assay drift will lead to a significant problem 
manifesting itself in at least two ways: (1) wide differ- 
ences in the number of patients (among maternal se- 
rum a-fetoprotein screening programs) falling into 
risk categories warranting further evaluation as well as 
(2) unexplained differences in detection efficiencies be- 
tween maternal serum a-fetoprotein screening pro- 
grams. The problem will have negative clinical impli- 
cations. 
Assay drift may be monitored by taking advantage 
of the central limit theorem, which states that for large 
volumes of specimens, the mean of the sample is nor- 
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Table II. Effect of assay drift on number of pregnant women receiving further evaluation* 











above cut-off 


With no drift 44 
With positive drift of (%) 
5 53 
7.5 58 
10 63 
12.5 69 
15 ' 76 
17.5 85 
20 93 
With negative drift of (%) 
5 36 
7.5 33 
10 30 
12.5 27 
15 25 
17.5 23 
20 2] 


No. of pregnant women 






No. of pregnani women 
inappropriately above 
or below cut-off 





% of change 


0 0 
9 20 
l4 32 
19 43 
25 57 
32 73 
41 93 
49 111 

8 = 16 
1} = 25 
14 Oe 
17 = 39 
19 — 43 
21 ~48 
25 Te 


*Hypothetical program using 2.5 multiples of the median cut-off in screening 1000 patients. 


mally distributed about the population mean. By cal- 
culating the mean multiple of the median* for all sam- 
pies on an individual assay and accepting or rejecting 
the assay based on whether this mean multiple of the 
median is within or outside an established range (95% 
confidence interval), laboratories will be capable of de- 
tecting and correcting for assay drift. When an assay is 
accepted and results are subsequently reported to phy- 
sicians, there remains the concern that assay drift may 
have occurred, notwithstanding the fact that the mean 
multiple of the median for that assay is within the es- 
tablished limits for accepting the individual assay. 

Tables IA and IB represent such probabilities based 
on data established by us from experience in the eval- 
uation of a-fetoprotein from approximately a quar- 
ter million pregnancy samples. At an assay volume of 
50 specimens the probability of erroneously accepting 
an assay with a positive 15% drift is in the range of 
46%. In this same 50-specimen assay 12.5% drift falls 
within acceptable limits. 

Table II illustrates that, with positive assay drift, 
more than the accurate number of pregnancies will fall 
above specified cut-off levels and would unnecessarily 
receive further, possibly invasive testing. A 5% positive 
drift would result in 20% of additional pregnant 
women (53 compared to 44) falling above specified cut- 


*We note that use of multiples of the median as statistical 
parameters of measurement are appropriate, but they should 
not be used for reporting to clinicians or patients. 


off levels. A 20% positive drift will result in 111% ad- 
ditional pregnant women (93 compared to 44) falling 
above specified cut-offs. Similarly, negative assay drift 
will result in erroneously assuring some pregnant 
women that no further evaluation is necessary. 

Unrecognized, positive assay drift resulting in the 
misdirection of (added numbers) pregnant women to 
potentially invasive procedures will have a calculable 
effect on fetal harm. Similarly, unrecognized negative 
assay drift will result in sharp differences among ma- 
ternal serum a-fetoprotein screening programs in de- 
tection efficiencies for neural tube defects. Highly vari- 
able levels of accuracy in maternal serum a-fetoprotein 
screening will result (and be made available to physi- 
cians) from the failure to develop independent nor- 
mative data and the failure to perform high volume 
and adequately monitored assays. 
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Prevention of preterm birth by ambulatory assessment of 
uterine activity: A randomized study 


John C. Morrison, M.D., James N. Martin, Jr., M.D., Rick W. Martin, M.D., 
Kathy S. Gookin, R.N., M.S.N., and Winfred L. Wiser, M.D. 


Jackson, Mississippi 


Tocodynamometry, used on an ambulatory basis, has been shown to detect uterine activity. The objective 
of this study was to assess the effectiveness of ambulatory tocodynamometry in the early identification of 
preterm labor. In this investigation 67 women at risk for preterm labor were randomly divided into two 
groups: 34 received a uterine activity monitor while 33 patients used palpation. Approximately two thirds of 
the study sample developed preterm labor. Upon diagnosis of preterm labor, parturients in the control 
group had cervical dilatation of <3 cm (p < 0.001) and effacement of >50% more often than the 
monitored group (p < 0.01). As a result there was a significant decrease in the number of patients who 
responded to tocolytic therapy in the unmonitored group. Among those with preterm lator the time gained 
in utero was greater in the monitored group (8.2 + 2.7 weeks) compared to the contro] group (4.2 + 2.9 
weeks) {p < 0.05). Subsequently 29 of 34 monitored patients attained term (86 completed gestational 
weeks) versus only 18 of the 33 patients in the unmonitored group (p < 0.01). Although the sample size is 
relatively small, uterine activity monitoring in these very high risk patients resulted in an increased number 
of suitable candidates for tocolysis and allowed a significantly greater percentage of women to reach term. 
(Am J OsBsTeT GYNECOL 1987;156:536-43.) 


Key words: Preterm, ambulatory detection, uterine activity 


Although there has been tremendous improvement 
in perinatal morbidity and mortality in the past 20 
years, the percent of parturients delivering preterm 
infants in the United States has remained largely un- 
changed.' In addition, approximately 75% of neonatal 
mortality is related to respiratory problems that are 
causally associated with prematurity. Methods of pre- 
venting preterm birth have been impaired because the 
exact etiology of preterm labor has not been deline- 
ated.” Tocolytic agents are effective in delaying preterm 
births in selected cases, but in many patients therapy is 
not salutary because labor is not detected before ad- 
vanced dilatation of the cervix.’ Recently, Herron et al." 
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have developed a method of addressing preterm birth 
that involves identification of high-risk patients as well 
as educational intervention toward prevention of early 
delivery. This schema purports to allow earlier iden- 
tification of labor and thus more timely medical treat- 
ment. Unfortunately, many times uterine activity 1s not 
perceived by the patient.’ Also, other studies using the 
technique of intensive risk assessment and patient ed- 
ucation in a socioeconomically disadvantaged popula- 
tion did not find this technique successful in preventing 
preterm birth.° 

Bell’ has demonstrated that increased uterine activity 
as measured by tocodynamometry can be accurately 
detected in the preterm parturient. More recently, Katz 
and Gilf have shown that the use of a uterine activity 
monitoring device in ambulatory patients at home 
could accurately detect uterine activity. Previous studies 
involving this device have been successful in predicting 
uterine activity and preterm labor.*” The objective of 
this investigation was to determine in a randomized 
study whether ambulatory assessment of uterine activ- 
ity with use of the Term Guard system (Tokos Medical 
Corp., Santa Ana, California) would aid in the diagnosis 
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of preterm labor at an earlier time when tocolytic agents 


might be more effective in prolonging gestations to 
term. 


Material and methods 


Over a 9-month period women in the University of 
Mississippi Medical Center Obstetric Clinic were as- 
sessed for factors placing them at high risk for preterm 
delivery. These factors included multifetal gestations, 
uterine abnormalities, and the history of two or more 
previous preterm deliveries. Patients with historic 
events associated with a definite but lower risk of pre- 
term labor (such as uterine irritability, second-trimester 
abortion, cervical incompetence, diethylstilbestrol ex- 
posure) were not candidates for this study. Seventy-five 
women >14 and <24 weeks’ gestation were identified 
for the prospective randomized trial. All patients at- 
tended the High Risk Preterm Labor Clinic and were 
managed by house officers who received supervision 
from attending staff. Of the 75 women, six refused to 
enroll in the study because of the requirement of ran- 
domization. After an informed consent form was 
signed, the 69 remaining patients were randomized 
into one of two groups based on the last digit of their 
hospital number: those with odd numbers received the 
monitor and ones with even numbers were monitored 
by self-palpation. Two patients who enrolled were re- 
moved from the study; one aborted before the twen- 
tieth week and one moved from the area and was not 
available for study. This left 67 patients in the sample: 
34 in the monitored group and 33 in the control group. 

Subjects in both groups were given instruction re- 
garding early signs and symptoms of preterm labor and 
were taught techniques of self-monitoring of uterine 
activity.’ Patients were told to come to the hospital if 
they developed any symptoms of preterm labor (pelvic 
heaviness, increased vaginal discharge, back pain, rup- 
ture of the membranes, or palpable uterine contrac- 
tions). All parturients were given a toll-free telephone 
number in the obstetric unit that was answered 24 hours 
each day and told to call if any questions regarding 
preterm labor or other aspects of pregnancy occurred. 
Subjects in the nonmonitored group were contacted by 
phone at least twice per week to assess uterine activity 
by palpation and patient well-being. None of the pa- 
tients were told to avoid intercourse or limit their daily 
activities. In both groups the subjects were assessed by 
a gentle cervicovaginal examination every 2 weeks. 

Those in the monitored group received a tocodyna- 
mometry device (Term Guard) developed for moni- 
toring and storage of uterine activity data in the am- 
bulatory patient. Each patient in the monitored group 
was instructed concerning the operation of the device 
and was told to monitor for 1 hour each evening and 
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l hour in the morning. After monitoring the stored 
data were transmitted (usually in the morning) via tele- 
phone to a receiving tocograph in the center. If other 
symptoms (as outlined above for the control group) 
occurred, the patients were told to monitor for | hour 
and contact the study nurse. This device allowed am- 
bulation during monitoring and has previously been 
shown to be reliable in recording even mild contractions 
that occur during the period of early labor.’ 

Each transmission time was approximately 6 minutes 
for the 120 minutes of stored data. After transmission 
a baseline of uterine act-vity was established, which usu- 
ally averaged zero to three contractions per hour in 
each patient. If four or more contractions per hour, 
each lasting =40 seconds, were noted, the patient was 
asked to assume the recumbent position (left side), take 
hydration orally, and temonitor for an hour. If the 
excess uterine activity remained unabated, she was in- 
structed to come to the hospital obstetric receiving area 
where a cervical examination and assessment for labor 
was performed. 

In both groups if preterm labor was suspected, pa- 
tients were admitted to the hospital receiving area and 
were observed by staff members unaware of the sub- 
jects’ involvement in tke study. If uterine activity was 
accompanied by progressive cervical change, a paren- 
teral tocolytic agent was administered. These objective 
criteria for tocolytic therapy followed those of Zahn!” 
and were applied to patients in both groups. In no 
subjects were uterine relaxants administered prophy- 
lactically or without cervical change. The tocolytic agent 
used was most often magnesium sulfate; in a few pa- 
tients, ritodrine hydrochloride was employed. How- 
ever, the frequency of use for either drug was equally 
distributed in both groups of patients. 

If tocolysis was successful, patients were discharged 
on oral agents, bed rest (except for meals and bathroom 
privileges), and more frequent prenatal visits. The dos- 
age of tocolytic drugs was adjusted to attain three or 
less contractions per hcur in the monitored group and 
to abolish perceived contractions in control patients. 
Oral tocolysis and uterme activity monitoring were dis- 
continued at 36 completed weeks’ gestational age. 
Other parameters of care (particularly monitoring or 
nonmonitoring) remained the same as before treat- 
ment. For the purposes of this study, 36 completed 
gestational weeks were considered term. Pregnancies 
terminated before that time for reasons other than pre- 
term labor were defined as medically indicated deliv- 
eries. Gestational age assessment was based on men- 
strual data, ultrasonog-aphy, and neonatal evaluation. 

Statistical analysis was carried out by the use of x? 
analysis and the Student / test. A value of p < 0.05 was 
used to designate statistical significance. Data were ex- 
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Table I. Patient population 


Control Monitored 
group group 


Risk factor 
Previous preterm birth (n) 22 20 
Multifetal gestation (n) 8 10 
Uterine abnormality (n) 3 4 
Total 33 34 


Table IL, Demographic characteristics 


Control Monitored 
group group 


23:2. 2 3.9 22.9 + 4.1 


Maternal factors 


Maternal age (yr) 
Ethnic group 
Black (n) 25 
White (n) 7 
American Indian (n) ] 
Parity 2.8% 
Weeks’ gestation at 18.4 + 
initial contact 


pressed as the mean + the standard error of the 
mean. 


Results 


The distribution of risk factors for preterm birth was 
similar between the two groups (Table I). 

As shown in Table II, there was no statistically sig- 
nificant differences in maternal age, ethnicity, or parity 
between the control or the monitored group. In ad- 
dition, at the initial prenatal contact the patients in both 
groups were at a similar stage of gestation. 

Of the 33 patients in the control group 22 (67%) had 
documented preterm labor. Of these, 15 (68%) had 
advanced cervical dilatation (3 cm or more) and 14 
(64%) were more than 50% effaced at the ume of di- 
agnosis (Table III). In contradistinction, of the 24 
(71%) patients who had preterm labor in the monitored 
group, only two (8%) had a cervical dilatation of 23 
cm, and six (25%) had cervical effacement of >50% at 
diagnosis of preterm labor. The differences between 
the monitored and nonmonitored patients in cervical 
dilatation (p < 0.001) and effacement (p < 0.01) were 
statistically significant. In addition, the frequency of 
contractions among monitored patients who developed 
preterm labor was significantly increased during the 
last 24 hours before admission when compared to uter- 
ine activity in those who did not have preterm labor. 
Likewise, there were five of 22 (23%) patients in the 
control group who had ruptured membranes as com- 
pared to one of 24 (4%) in the monitored group. 

With use of the Baumgarten Tocolytic Index'' upon 
admission for preterm labor, 10 of 22 (45%) in the 
control group compared to 22 of 24 (92%) in the mon- 
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Table III. Maternal factors at diagnosis of 
preterm labor 


Control | Monitored 
. Factor group group p 


Preterm labor (n) l 22 24 

Cervical dilation (n) 
<2 7 22 <0.001 
23 15 2 

Cervical effacement (n) 
<50% 8 18 <0.01 
>50% l4 6 

Rupture of membranes (n) 5 l <0.06 


itored group were considered to be good candidates 
for long-term tocolysis (p < 9.001) (Table IV). Al- 
though all subjects in both groups with preterm labor 
were treated with tocolytic agents, of those thought to 
have unfavorable conditions for long-term tocolysis 
(cervix 23 cm and >50% effaced), 10 unmonitored 
patients and one monitored patient delivered within 96 
hours of admission, thus validating this method of se- 
lecting patients for tocolysis.' ©? Among subjects 
thought to be suitable for long-term tocolysis (cervix 
<2 cm and <50% effaced) in both groups, three of 10 
controls and one of 22 monitored patients delivered 
within 1 week in spite of tocolytic therapy. Also the 
number of medically indicated deliveries was equal in 
each group (Table IV). Finally, among all patients only 
slightly more than half with documented preterm labor 
perceived their contractions. 

Monitoring in the patients with use of the tocody- 
namometer began at an average of 25.9 + 2.8 weeks’ 
gestation (Table V). This monitoring continued for 9.5 
weeks (+ 4.1 weeks). The gestational age at which di- 
agnosis of preterm labor was made was earlier in the 
monitored group (27.9 + 2.4 weeks) versus the control 
group (29.4 + 2.7 weeks). These results are not statis- 
tically different because of small sample size but ap- 
proached significance {p < 0.08). Only 18 of the 33 
(55%) patients reached 36 completed gestational weeks 
in the control group compared to 29 of 34 (85%) in 
the monitored patients (p < 0.01). The time gained 
In utero from the point of diagnosis of preterm labor 
was also greater in the monitored group, being 8.2 + 
2.7 weeks when compared to the control group of 
4,2 + 2.9 weeks (p < 0.05). 


Comment 


Neonatologists in their care of the low birth weight 
neonate have decreased morbidity and mortality but 
are ultimately limited by the immaturity of the infant.’ 
Therefore the most critical area of concentration for 
perinatologists is the reduction in frequency of preterm 
birth. One of the most notable advances in the preven- 
tion of preterm birth has been the identification of 
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Table IV. Outcome data 


Control Monitored 
group group 


Suitable tocolysis candidate* = 10/22 92/24 
Failed tocolysist 3/10 ` 22 
Indicated deliveries (n) 2 2 
Perceived contractions (n) 12 13 


*Cervix <2 cm, <50% effaced; all patients in both groups 
received tocolysis. 


TDelivered within 1 week si being suitable tocolytic 
candidate. 


patients at risk for this problem.** One of the diff- 
culties, however, associated with risk assessment for 
preterm birth is its poor sensitivity whereby a significant 
percentage of the preterm births occur in those without 
identifiable risk factors. Also, parturients do not always 
appreciate subtle uterine activity: even after education 
about signs and symptoms of preterm labor.’ There- 
fore, regardless of the education and frequent cervical 
examinations, many women do not perceive contrac- 
tions cr prodromal labor signs®" and are likely to pres- 
ent as unsuitable candidates for long-term tocolysis. 

Often the provider.cannot inhibit labor with tocolytic 
agents because the cervix is already too dilated and 
effaced for tocolysis to be- effective.* It has been 
pointed out that if the cervix is =3 cm dilated and 
<1 cm long, there is a 50% reduction -in efficacy of 
tocolytic agents in postponing delivery.'' Likewise, the 
incidence of rupture of the membranes increases as the 
cervix dilates.*ë The current study confirms that early 
detection of preterm labor offers better candidates for 
tocolysis. A significantly larger proportion of. women 
in the monitored group were treated earlier (in terms 
of cervical dilatation, effacement, and rupture of the 
membranes) when compared to the control group, al- 
though the incidence of preterm labor was similar in 
both groups. In addition, there was similarity in that 
only half of the women with preterm labor in both 
groups appreciated that they were having uterine 
activity. This probably accounts for the significant 
decrease in the number of women benefiting from 
long-term tocolysis in the control group when com- 
pared to the monitored women who were referred for 
treatment earlier even though miey did not feel the 
contractions. : 

The outcome data in both groups also revealed a 
significant increase in the number of pregnancies car- 
ried to term when ambulatory uterine activity moni- 
toring was used. In addition, the time gained in utero 
was nearly doubled for monitored patients when com- 
pared to unmonitored ones (Table V). The value of 
uterine activity monitoring in providing more reason- 
able tocolytic candidates appears to be the major factor 
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Table V. Outcome data 


Contral Monitored 
group group 


Gestational age (wk) - 


Start of monitoring — 25.9 + 2.8 
Weeks monitored —_— 9.5 + 4.1 
Gestational age at di- 29.4 + 2.7 27.9224 
agnosis (wk) aii l 
Delivered =37 wk 18 - 29 
Time gained in utero (wk)* 4.2 + 2.9 8.2 + 2.7 


*From time of diagnosis of preterm labor. 


in the increased number of patients reaching 36 com- 
pleted gestational weeks. We are aware that daily phone 
contact anid subsequent reassurance in the monitored 
patients could have contributed to the number reaching 
term. Those in the unmonitored group were also 
contacted but only twice each week. The variability 
of phone contact (daily versus biweekly) could be a 
confounding variable because increases in uterine 
activity should precede clinical symptoms by 24 to 48 
hours.* * Nevertheless, since there is poor sensitivity 
by palpation and because the control patients were in- 
structed to call the center if early signs of labor ensued, 
we feel it is unlikely that the more frequent nurse- 
patient phone contact alone greatly influenced the out- 
come of this study. Likewise, the enrollment criteria 
were very strict:in this study. Undoubtably this con- 
tributed to the high incidence of preterm labor in our 
patients. This finding underscores the need for strin- 
gent selection criteria for those using this detection mo- 
dality so that the greatest impact on preterm birth can 
be attained while using this device only in appropriate 
patients. l 

In summary, although the numbers are relatively 
small, the data in this study would point out that greater 
time in utero, a greater number of suitable candidates 
for tocolysis, and most importantly, a reduction of pre- 
term deliveries Were noted in the monitored group. 
This is particularly important because the patients were 
randomized and were comparable for the high-risk fac- 
tors for preterm birth as well as for demographic sta- 
tistics. It would appear that the Term Guard system is 
an effective method to detect preterm labor and pre- 
vent pie every: 
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Discussion 


Dr. FEDERICO G., MARIONA, Detroit, Michigan. It is 
generally accepted that there are solid data to provide 
evidence that perinatal outcome has improved in the 
last 20 years. However, the frequency with which pre- 
term birth occurs in this country continues unabated 
at a rate of nearly 8%. Delivery before 37 completed 
gestational weeks is tantamount to a manyfold risk for 
neonatal death. 

Dr. Morrison and his associates attempted to dem- 
onstrate that it is possible to identify uterine hyperac- 
tivity in the ambulatory pregnant patient who carries 
an increased risk for preterm labor. This identification 
would lead to early treatment and reduction of preterm 
births. Indeed it is a simple and straightforward plan. 
One must rapidly realize, however, that the sequence 
that stimulates the initiation of labor in the woman ts 
still poorly understood and uterine hyperactivity rep- 
resents only one prime mover. 

One of the frequent variables that alters the clini- 
-cian’s ability to effectively assess the patient's risk is the 
timing of entering into prenatal care. The population 
studied began care early in pregnancy (approximately 
20 weeks’ gestation), demonstr ating that there was a 
clear effort to reduce the barriers to prenatal care, one 
important factor in effective risk assessment that must 
r be overlooked. 

I suggest that the study is EE PT by an at- 
tempt to define endocervical bacteriology in the pop- 
ulation at risk. In this manner another penne source 
of risk can be studied. 
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Some aspects of the study are loosely described; such 
as, what were the sensitivity and the specificity of the 
methods used in the diagnosis of preterm labor? How 
many visits to the obstetric unit were necessary after 
the program was initiated until the actual diagnosis was 
made? 

It is interesting that a team participating in the eval- 
uation of these patients used “intensive physical as- 
sessment” with “gentle” pelvic examinations every 2 
weeks initially and more frequent visits once the pa- 
tients needed tocolytic therapy. Can the authors com- 
ment on the patient’s acceptance of such examinations 
and perhaps on the potential vagaries of using anum- 
ber of house officers in the cervical evaluation, unless 
they were able to avoid the usual “July crisis”? 

The use of bed rest, with ambulation allowed for 
meals and bathroom privileges, appears to be a variable 
that may merit future consideration. Ambulatory mon- 
itoring may not mean staying home in bed, but, if so, 
its effects may need separate consideration, including 
the therny issue of patient compliance. 

Conversely, this bed rest may be offset by more fre- 
quent visits and perhaps more vaginal examinations. 
The authors noted tha: in patients who were clinically 
diagnosed as candidates for long-term tocolysis, 30% 
of the control group'and 4.5% of the monitored group 
were delivered before term in spite of similar clinical 
conditions and therapy. Are there any thoughts a as to 
why this was so? 

The patient’s inability to detect the presence of con- 
tractions in more than 50% of the cases is again em- 
phasized. Perhaps the process of education should be 
partially modified to place a greater index of suspicion 
on low pelvic pressure, ‘back pain, changes in vaginal 
discharge, etc., as these have been found in our own 
experience, as opposed to placing a heavy emphasis on 
“contractions.” 

The authors also emphasized that intercourse was 
allowed to continue unrestricted. Was this advice 
changed after long-term tocolysis was initiated? No ad- 
olescents were entered in the study. This may reflect 
the characteristics of the authors’ population or an ef- 
fort to avoid this particular group. Indeed in our ex- 
perience they represent a very special patient popula- 
tion who generate a number of preterm births. I will 
certainly expect to see some of them included in the 
next report. 

The authors PESEE E their stated goal. Uterine 
hyperactivity was detected earlier in the monitored 
group, yielding earlier access to effective tocolytic ther- 
apy and ultimately a better outcome represented by a 
significant difference in prolongation of gestation. 

In this era of diagnosis-related groups and cost-ef- 
fectiveness studies, this work represents an ideal ex- 
ample for a comparison of the cost of home uterine 
activity monitoring, including the sporadic hospitaliza- 
tions, long-term therapy, missed workdays, and even- 
tually extra help inthe house versus the investment of 
short- and long-term caring for preterm infants. I am 
convinced that a relevant issue can be raised to dem- 
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onstrate the clear advantage of this program. Serious 
social implications are involved and it may even be pos- 
sible to obtain the politician’s attention to this issue. 

If perinatologists are to make a significant change in 
the present rate of preterm’ birth and the associated 
perinatal loss, postponing delivery and maintaining the 
fetus in a safe environment until ‘the thirty-seventh 
completed gestational week are the ultimate goals. We 
owe this effort to the next generation. 

Dr. WASHINGTON C. Hitt, Omaha, Nebraska. Dr. 
Morrison and his colleagues have reported the first 
prospective and randomized study on the prevention 
of preterm birth by ambulatory assessment of uterine 
activity. Although home tokodynamometry has been 
shown in a controlled study to be of benefit, these ini- 
vestigators are the first to show in a prospective and 
randomized manner that patients who are at increased 
risk for preterm labor and are using ambulatory mon- 
itoring were more suitable candidates for tocolysis, had 
their pregnancies maintained longer, had a decreased 
number of preterm births, and required a fewer num- 
ber of maternal and neonatal hospitalization days. Why 
is this important? As pointed out by Dr. Morrison, the 
most significant problem we as obstetricians have yet 
to conquér in perinatal medicine is the detection of 
preterm labor and prevention of preterm birth. The 
results of studies are controversial as to whether this 
can be done alone by the techniques of intensive risk 
assessment and patient education. The authors have 
taken, for the most part, a socioeconomically disadvan- 
taged group and randomized them into those who used 
home tokodynamometry and those who did not. Both 
groups had close contact with a nurse and patient ed- 
ucation. The monitoring of uterine activity to detect 
preterm labor is nothing new. What is new is the use 
of this device tc monitor uterine activity while the pa- 
tient is ambulatory and at home. Their results are im- 
pressive. I have some questions, however, for Dr. Mor- 
rison. The first question is in regards to cost. Does he 
have any data comparing the cost of using the ambu- 
latory monitor versus the expense eliminated in the 
intensive care nursery by providing a longer time for 
the fetus in utero? Table III of the article showed that 
23% of ‘patients in the control group had ruptured 
membranes as compared with 4% in the monitored 
group. Does he feel that this is attributed to earlier 
detection of increased uterine activity in the monitored 
group? Table III also indicates that 67% (22/33) of 
patients in the control group and 71% (24/34) of pa- 
tients in the monitored group developed preterm labor. 
Although thesé patients were at very high risk, this 
appears high. Is it a result of overdiagnosis? In Ta- 
ble IV of the article, 10 of 22 patients in the control 
group were. suitable for long-term tocolysis at the time 
of presentation in preterm labor. This is a high per- 
centage compared with that of most studies where it is 
approximately 20% to 25%. Is this a result of patient 
education and the daily telephone calls? Table IV also 
indicates that 12 of 22 and 13 of 24 patients in the 
control and monitored groups, respectively, perceived 
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contractions. What does this mean? Studies to date and 
our own experience would suggest that patients per- 
ceive much less of their own uterine activity and the 
fact that patients do not perceive contractions should 
not be reassuring. Do Dr. Morrison’and his colleagues 
consider this monitor an effective tool for all preterm 
labor patients who have risk factors? -If not, just how 
do they decide who should use this device? Newman 
et al. have also studied home ambulatory monitoring. 
They observed that normal multifetal gestations that 
reach term have inherently more uterine activity than 
a similar singleton gestation. Did Dr. Morrison observe 
this finding? There is little information on neonatal 
outcome, and ultimately all of these things are done 
for neonatal well- -being. Could Dr. Morrison indicate 
whether he saw any improvement in neonatal morbid- 
ity in terms of respiratory distress syndrome, ‘birth 
weight, days on the ventilator, days in the intensive care 
nursery, intracranial hemorrhage, etc., in the moni- 
tored group? This study may be too small to show any 
change in these data but do the authors nase any in- 
formation for us? 

Dr. Morrison and his tolep are to be congrat- 
ulated on attempting to define the role of home am- 
bulatory monitoring in'the prevention of preterm birth. 
Although larger numbers and data from other centers 
will be helpful, studies to date show that home ambu- 
latory monitoring is an effective way to detect preterm 
labor and prevent preterm delivery by increasing the 
number of candidates for effective tocolysis. 


REFERENCE 


1. Newman RB, Gill PJ, Katz M. Uterine activity during preg- 
nancy in ambulatory patients: comparison of singleton and 
twin gestations. AM J OBSTET GYNECOL 1986;154:530. 


Dr. EDUARD EICHNER, Cleveland, Ohio. I want to 
make some comments and commend the group that 
presented this paper with some data going back some 
30 or 40 years ago when we first started monitoring. 
At that time we would not have been able to use any- 
thing like this because our procedure involved place- 
ment of electrodes into the myometrium, into the vas- 
cular tree, and into the endometrial cavity, so that part 
of patient cooperation was not necessary. 

The other thing is that bed rest for our group with 
membranes that ruptured after they went home failed 
and labor started agairi in almost every patient within 
a day or two of being at home when she was allowed 
to be active. 

As to the question of prolonged tocolysis, we had 
100% success in those days with intravenous Relaxin, 
but its use was discontinued because it was too costly. 
Some patients had up to 7 cm of dilatation with the 
fetus at the +2 station. We would put the bed in a steep 
Trendelenburg position, and the fetus would go back 
into’ the uterine cavity and thé cervix would close. 

Dr. L. RUSSELL MALINAkK, Houston, Texas. I would 
like to ask Dr: Morrison, if the patients were truly ran- 
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domized, how can he account for the equal distribution 
of pathologic processes in his report? 

Dr. Morrison (Closing). Dr. Mariona asked about 
the diagnosis of preterm labor and how many visits it 
took to arrive at this diagnosis. In other words, how 
many false negative results and how many false positive 
ones would be the equally important questions. 

We had no false negative results. By that I mean that 
there were no women who had no uterine activity in 
this relatively small group of patients that were moni- 
tored that then came in with significant cervical dila- 
tation. We found that an average of two patient visits 
was required for the diagnosis of preterm labor. Some 
of these cases were diagnosed, of course, on the first 
visit into the obstetric emergency room and some on 
the third or fourth visit, but about two visits was the 
average. So we had about a 20% rate of false positive 
diagnoses where the patients would have contractions 
and then would come in at some time and be told, “No, 
you are not.in preterm labor.” That includes the ones 
that went into labor and the ones that did not. | 

I think we cannot overemphasize Dr. Mariona’s point 
about a cervicovaginal examination and its contribution 
to: the prevention of preterm birth. | 7 

` It is well known that the flora of the vagina, if one 
strips the membranes and invades the cervix, can aci 
tually cause labor. I do not have to tell many of you in 
this room about that system, which does work. So what 
we are talking about. here is simply an assessment of 
the lower uterine segment and in general how effaced 
and dilated the cervix is without invading the cervix. I 
think that needs to be underscored. 

Of course ‘we did ‘not do any cer vical Hora analysis 
in-this study. l 

The other question related to sae three of 10 
women, who essentially were good candidates for to- 
colysis in the palpation group, went into preterm labor, 


had labor stopped, but were delivered before term.. 


Two of those three women came back at 7 and 10 days 
after discharge on a regimen of oral tocolytics and ex- 
perienced resumption of preterm labor. Of course they 
were assessing their contractions by palpation and on 
réadmission were not good candidates for tocolysis. In 
other words, the cervix was more significantly dilated. 
Although they were again treated with intravenous to- 
colytics, they were delivered within a week of the second 
treatment. 

Intercourse and bed rest were mentioned. Was in- 
tercourse interdicted after the patients went into pre- 
term labor? The ‘answer is yes, but we individualized 
that variable. In other words, if they were at home for 
2 or 3 weeks and had no recurrence of contractions, 
then we gr adually allowed ambulation and eventually 
intercourse. The patients were allowed to resume fairly 
normal activity if they were not having excess uterine 
activity while on a regimen of tocolytics. 

Dr. Hill mentioned two interesting points. One was 
about expense and the other was about significant neo- 
natal complications. Both the first and last point he 
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derived were, I think, two of the more important points 
mentioned. 

The expense data and the neonatal complication data 
will be presented at a separate time, but basically it was 
mich more expensive to have those babies in the neo- 
natal intensive care unit for a longer period of time. 
They were not being kept just for the good of the 
mother or anyone else. They had significant compli- 
cations such as respiratory distress syndrome and nec- 
rotizing enterocolitis. In the monitored group the ba- 
bies were mostly delivered at term and went to the 
normal newborn nursery, so they did not have many 
of those significant complications. Therefore we think 


that both a es and Sale are significantly 


reduced. 

Dr. Hill mentioned that 38% were good candidates 
for tocolysis in the control group, and he felt this was 
a relatively high figure. I think it depends on which 
literature you read. Some of the literature, such as the 
data of Papiernik et al.' from France, would indicate 
there could be even a higher percentage than that. I 
think that this reflects the intensive education and close 
follow-up by pelvic examinations these patients were 
given, and that is why they actually presented that often 
as good candidates for tocolysis. 

Clearly only the patients with risk factors for preterm 
labor should be monitored. I think the greatest danger 
of this technique, like most new technologies, is that it 
will be over-utilized or utilized in the wrong group of 
patients. 

There is no question in my mind that if this device 
is used for those who do not have high-risk factors for 
preterm labor, some of the “soft” indications, if: you 
will, then it is not going to be cost effective or health 
effective. The message that I would leave you with on 
that-score is that you must make sure that the patient 
is at high risk-for preterm delivery before prescribing 
this device or it will be inadequately used. 

I think this reflects, since’ we required two or more 
previous preterm deliveries in our group of patients, 
why our rates of detection of preterm labor were so 
high, 71% and 67%, respectively. 

Also I would like to underscore Dr. Hill’s comments 
on maternal perception of uterine activity. We did not 
mean to suggest that the fact that patients could feel 
50% of their contractions was indicative that this was a 
good method of detection of uterine activity leading to 
preterm labor. We meant it the other way around, that 
is, that 50% of the patients could not significantly detect 
preterm labor. Half of a patient population or, by the 
study of Newman et al., approximately 80% of those 
in true preterm labor will be missed on accurate pal- 
pation to determine uterine ‘activity that would in fact 
lead to preterm labor. So we do not think these signs 
or the percentages of women who perceive contractions 


are reassuring. 
We agree with Newman et al.* that twins are associ- 


ated with more uterine activity. In the patients with 
twin gestations we individualized the uterine activity 
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monitor. In other words, twins produced more activity, 
and sometimes we would have to raise the baseline from 
three contractions to five or six contractions per hour. 
If patients came in with four contractions an hour and 
did not have any cervical change in two or three as- 
sessments, we would simply raise the baseline because 
even twins who are delivered at term will produce more 
uterine activity than singleton gestations. 

Dr. Eichner raised the possibility of Relaxin, and it 
is possibly going to enjoy a comeback. A group in 
St. Louis and a group in, I think, Minnesota are work- 
ing with that compound now, so we may see it on the 
horizon as a therapeutic agent for those in preterm 
labor. 

Finally Dr. Malinak raised the question of random- 
ization. I really cannot say why the distribution was so 
equal except to say that we accepted patients on a first- 
come, first-served basis and randomized them. That is 
the way the data turned out. 
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We particularly looked at the six patients that refused 
randomization, and they were similar to our study pop- 
ulation. I thought perhaps some of those might have 
skewed the data. We did have a few more twins in the 
monitored group when compared with: the palpation 
group, so the groups were approximately but not ex- 
actly equal. 
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Braxton Hicks’ contractions and motor behavior in the 


near-term human fetus 
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Groningen, The Netherlands 


The transient relationship between Braxton Hicks’ contractions and fetal motor behavior was studied in 14 
healthy nulliparous women near term. Two-hour recordings of fetal heart rate and uterine contractions and 
of real-time scanning for fetal body movements, breathing, and eye movements were made. The 
recordings were divided into state 1F and non-state 1F. Braxton Hicks’ contractions were not influenced 
by fetal behavioral states and state changes were not related to these contractions. Fetal body movements 
did not stimulate contractions, but contractions ‘coincided with a specific clustering of body movements 
during the ascending part of contractions. Breathing was clustered during the descending part of 
short-lasting contractions but decreased gradually during the long-lasting ones. Heart rate variation was 
increased during contractions. (AM J Osstet GYNECOL 1987;156:543-9.) 


Key words: Braxton Hicks’ contractions; fetal behavioral states, fetal body movements, fetal 


breathing movements, fetal heart rate accelerations 


More than a hundred years ago, J. Braxton Hicks' 
described the existence of periods of spontaneous an- 
tepartum uterine activity in the human. During late 
pregnancy the rhythmicity of these so-called Braxton 
Hicks’ contractions constitutes a remarkably regular 
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feature of the fetal environment in every pregnant 
woman. Clinically, these contractions have become im- 
portant for fetal heart rate monitoring, and presence 
or absence of late decelerations after Braxton Hicks’ 
contractions is considered to be an important indicator 
of the fetal condition. Little is known, however, as to 
the reaction of the normal fetus to these contractions 
or if the fetus itself influences the recurrence rate of 
these contractions by its movements. 

In sheep, fetal behavioral states may be influenced 
by prolonged low-amplitude prelabor uterine contrac- 
tions (“contractures”), often changing rapid eye move- 
ment sleep to a sleep state in which eye movements are 


544 Mulder and Visser 


March 1987 
Am J] Obstet Gynecol 


Contractions POY AREER: Cees | eae, | CR ee | ene ee NEAS a 


Body 
Movements A NSSS i! IDOI i N AT OTNI N E i l O a E AR 


Eye M UAL A aa A L Lama A a a gu ALIN 
Movements : 
Breathing Ld Lit We UE E |g LL tm j Lt 


Movements 


l> state 1F «|_ 


non-State iF 


— 


aaa aa 


0 


60 120 
MINUTES 


Fig. 1. Example of a 2-hour recording, showing, from above downward, the fetal heart rate tracing 
and the occurrence of uterine contractions and body, eye, and breathing movements. The presence 


of the two distinct behavioral! states is indicated. 


absent.” These contractures were not initiated or mod- 
ified by fetal body movements.” 

The near-term human fetus exhibits four distinct 
behavioral states,t which resemble those found in the 
neonate.” Because it is possible that in the human these 
frequently occurring periods of myometrial activity in- 
fluence fetal behavior, we studied the temporal rela- 
tionship between Braxton Hicks’ contractions and mo- 
tor behavior in the near-term human fetus, taking into 
account the fetal behavioral states. In this study we also 
investigated the role of fetal body movements as a pos- 
sible controlling factor of myometrial activity. 


Subjects and methods 


Fourteen healthy nulliparous women were invited to 
participate in a study that combined real-time ultra- 
sound scanning, monitoring of fetal heart rate (FHR), 
and recording of uterine activity. All women were out- 
patients with normal singleton pregnancies of 38 to 40 
weeks’ gestation. Subsequent delivery and outcome 
were uneventful; all infants were appropriate for dates 
(birth weight 3501 + 465 gm, mean + SD) and did 
well at and after birth. 

Continuous on-line recordings lasting 22 hours were 
made between 3:00 and 6:00 pm with the women in a 
semirecumbent position, slightly tilted to the left. Fetal 
pulse (R-R) intervals were derived from abdominal 
electrocardiographic electrodes; they were recorded on 
a cardiotocograph strip chart (Hewlett Packard Model 


8030 A) as beats per minute end, after having been 
preprocessed by means of a microprocessor, they were 
stored on a minicassette. These data were analyzed with 
the use of a computer program, of which a detailed 
description has been published,° yielding information 
on variations around the basal heart rate (accelera- 
tions and decelerations, expressed as the root mean 
square value). FHR was also recorded on an event re- 
corder (Hewlett Packard Model 7754 A) at a paper 
speed of 1 mm/sec and stored on a magnetic-tape re- 
corder (Philips, Analog-7). 

Records of uterine activity were obtained with the 
external tocotransducer of the same cardiotocograph 
and written on its strip chart. The tocographic signal 
was, after amplification, also recorded on the event re- 
corder and stored on magnetic tape. 

Fetal activity was identified by means of two linear- 
array real-time scanners (Model SSD-256, Aloka Co., 
Tokyo, Japan, and Imager 2300, Siemens AG, Erlan- 
gen, Federal Republic of Germany). Both probes were 
3.5 MHz. One observer recorded fetal eye movements; 
another one, fetal body and breathing movements. All 
types of fetal movements were recorded by means of 
handheld pushbuttons on the event recorder, together 
with the FHR and tocographic signal, and were also 
stored on magnetic tape. An example of a compressed 
2-hour record is shown in Fig. 1. Body movements 
(excluding isolated limb movements, startles, and iso- 
lated movements of the head) occurring within 5 sec- 
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Table I. Overall incidence of uterine contractions, state IF, and fetal body and breathing movements per fetus 













Contractions 


















Recording recording Body Breathing 
time (min) No./hr Mean + SEM time movements movements 


i 60 23.0 70.2 + 6.7 45-163 52.8 25.2 10.9 11.0 

2 158 14.1 105.5 + 9.2 46-278 41.2 13.3 15.7 26.6 

3 137 5.7 147.7 = 23.0 75-409 23.3 31.5 21.9 2.3 

4 120 16.5 119.1 + 7.2 68-258 54.0 17.8 16.8 0.2 

5 128 4.2 201.0 + 70.4 66-728 23.5 31.1] 13.7 18.5 

6 120 22.0 85.1 + 4.2 45-161 51.5 27.9 7.3 0 

x 134 17.0 97.1 + 7.0 46-236 45.9 16.0 26.6 6.6 

8 120 4.0 162.8 + 26.7 68-328 18.1 15.8 10.8 16.2 

9 124 4.4 223.6 + 75.8 58-840 28.5. 10.6 15.6 34.4 
10 120 3.0 130.8 + 19.4 93-233 10.9 21.8 15.9 5.5 
i= 130 2.8 290.5 + 28.9 194-395 22.3 10.8 29.3 30.3 
2 120 16.5 98.2 + 9.6 45-332 46.3 17.9 14.0 15.6 

3 50 15.0 97.9 + 17.3 46-334 40.9 38.9 4.7 2.1 
l4 140 8.6 116.8 + 10.8 45-281 27.7 20.0 31.0 52.3 
Mean © 119 11.2 113.8 34.8 21.3 16.7 15.8 
SEM 7 1.9 4.8 3.7 2.2 2.0 4.2 


If not stated otherwise the incidence is expressed as the percentage of recording time. 


onds of each other were considered to be a single move- 
ment. Their incidence was expressed as a percentage 
of recording time. For breathing movements apnea was 
defined as a pause between two breaths of 26 seconds. 
The incidence was expressed as a percentage of re- 
cording time or as the number of breaths per time unit. 

Fetal behavioral states, states 1F through 4F (the suf- 
fix F indicates fetal), were identified according to the 
criteria of Nijhuis et al.* However, since states 3F and 
4F are scarce, we divided the recordings only into state 
IF (“quiet” sleep: stable FHR with low heart rate vari- 
ability, body movements absent or incidental, and eye 
movements absent) and non-state IF. 

External tocography provided information on the 
apprcximate duration of the uterine contractions. 
Only contractions lasting 245 seconds were included 
(n = 294). These represented 81% of all observed con- 
tractions. The incidence of contractions was expressed 
as the percentage of recording time (total or per sleep 
state). 

Statistical analysis was performed with the Wilcoxon 
signed-rank test, unless stated otherwise. The signifi- 
cance levels given are for two-sided tests. 


Results 


A total of 29 hours of observation was obtained from 
the 14 women. One hour (3.5% of total recording time) 
had to be excluded from the analysis of contractions 
because of incorrect placing of the tocotransducer. For 
two cases detailed analysis of FHR could not be per- 
formed because of poor quality of the signal (failure 
time >50%). 

Details on the incidence of contractions, fetal move- 


ments, and occurrence of state 1F in the individual cases 
are shown in Table I. On average 11 contractions oc- 
curred per hour (35% of total recording time). The 
mean duration of the contractions was 114 seconds; 
71% lasted <120 seconds; 25% from 120 to 300 sec- 
onds; and nearly 4% >300 seconds (Fig. 2). 

All 14 fetuses showed at least one episode of state 
IF. In total 19 of these episodes were observed, of which 
16 were enclosed periods (mean duration 17.6 minutes, 
range 6 to 26 minutes). The fetuses spent on average 
21% of recording time in state IF. The mean incidences 
of body and breathing movements were 16.7% and 
16%, respectively. During non-state 1F the mean du- 
ration of a single bout of body movements was 13.0 
seconds (range of means among the individual fetuses 
from 4.4 to 24.0 seconds). 

For none of the three parameters taken for compar- 
ison was a significant difference found in the incidence 
of uterine activity between state 1F and non-state 1F 
(Table I). 

During the 5 minutes preceding and following each 


' change into and/or out of state IF, the percentage of 


contraction time was calculated. The mean incidence 
of uterine contractions in each of the four distinct 5- 
minute periods did not deviate largely from the mean ` 
incidence observed for the entire recording time 
(~35%, Table 1). Neither for the changes from state 
IF to non-state IF (n = 19) nor for the changes from 
non-state 1F to state 1F (n = 16) was the incidence of 
contractions before the state change found to be sig- 
nificantly different from that after the change; the 
mean values were 33% as compared with 41% and 39% 
as compared with 34% of time, respectively. Moreover, 
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Fig. 2. Distribution of the duration of 294 uterine contrac- 
tions, lasting >45 seconds. The mean duration (114 seconds) 
is indicated by the arrow. 
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Fig. 3. Incidence of body movements before, during, and 
after (a) short-lasting (n = 123) and (6) long-lasting (n = 37) 
Braxton Hicks’ contractions, occurring during non-state 1F 
(mean + SEM). Both the ascending and descending parts of 
the contractions were subdivided into two sections of equal 
duration. 


the incidence of long-lasting Braxton Hicks’ contrac- 
tions (duration between 120 and 300 seconds) and pro- 
longed contractions (lasting more than 300 seconds) 
was not increased around the time of these state 
changes. However, the longest contraction we observed 
(840 seconds) was associated with a FHR deceleration, 
and during this contraction a change from non-state 
IF to state 1F occurred. 

The incidence of body and breathing movements 
during contractions did not differ significantly from 
that found between the contractions; this held both for 
state IF and for non-state 1F (Table IH). During the 
contractions, however, a specific patterning of body and 
breathing movements was found (Figs. 3 and 4). Body 
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Fig. 4. Incidence of breathing movements (number per 30 
seconds) before, during, and after (a) short-lasting (n = 53) 
and (b) long-lasting (n = 23) Braxton Hicks’ contractions 
(mean + SEM). 





Table II. Incidence of uterine contractions 
during state IF and non-state IF 


Parameter 


No. of contractions/hr 9.7 + 1.9 113-418 
(mean + SEM) 

% of contraction time 31.2 + 5.6 33.1 + 4.92 
(mean + SEM) 

Duration of contractions 114.7 + 9.2 107.6 + 6:3 


(mean + SEM) 


None of the differences was statistically significant. 


movements showed a clustering in the ascending part 
of the contraction, followed by a significant decrease 
during the descending part (p < 0.01, as compared 
with the ascending part). This distribution was found 
for both categories of contractions (Fig. 3, a and b), but 
the increase during the ascending part was only sig- 
nificant for the long-lasting Braxton Hicks’ contractions 
(p < 0.02, as compared with the control period). 

The number of breathing movements per 30-second 
epoch decreased significantly (p < 0.05) during the as- 
cending part of the short-lasting Braxton Hicks’ con- 
tractions but increased again as uterine activity. de- 
creased (Fig. 4, a). For the long-lasting contractions 
such a troughlike pattern was not found, but instead 
there was a pattern with a more or less gradual decrease 
in the course of the contraction, which continued there- 
after (Fig. 4, b). 

For this detailed analysis the incidence of body move- 
ments in the course of the contractions was studied only 
during non-state IF (“active” sleep), whereas breathing 
movements were studied if they occurred during a con- 
traction or in the 90 seconds preceding or following 
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Fig. 5. Body movements and breathing movements before, during, and after (a) short-lasting 


(n = 36) and (b) long-lasting (n = 


19) Braxton Hicks’ contractions. Selected were those contractions, 


occurring during non-state 1F, where in the period of analysis both body and breathing movements 


occurred. 


Table III. Incidence of body and breathing movements during and in the absence of contractions, for 


both behavioral states 


State LF 





{% of ime, mean + SEM) 


During Between During 
contractions contractions contractions 


“10° 2-0.6 19.8 + 2.8 


Body movements I. 
Breathing movements 1] 


that contraction. For those contractions that met both 
criteria (n = 55), a specific distribution of these move- 
ments was found (Fig. 5). An inverse relationship be- 
tween the clusters of body and breathing movements 
was demonstrated for the short- -lasting contractions 
(Fig. 5, a). The distribution patterns of body and 
breathing movements in the course of the long-lasting 
contractions (Fig. 5, b) were akin to those presented in 
Figs. 3, b, and 4, b, respectively. 

Fetal heart rate accelerations (215 bpm; 215 sec- 
onds) occurred almost exclusively during non-state LF. 
In the 12 fetuses in which this was studied only 2% of 
the accelerations occurred during state IF. Ninety- 
seven of the 331 accelerations observed during non— 
state 1F (29.3%) started during a contraction. This ap- 
proximates the percentage of time during which con- 
tractions are present in non-state IF (33.1%, Table I); 
accelerations are therefore not induced by contr actions. 


16.3 + 5.0 


Non—state IF 
(% of time, mean + SEM) 


Between 
contractions 


19.3 + 2.5 
16.6 + 4.3 15.2 + 4.0 


The mean duration of the accelerations that occurred 
during a contraction was, however, significantly longer 
than that of accelerations not associated with contrac- 
tions (58.2 + 3.4 and 50.3 + 3.1 seconds, respectively, 
mean + SEM; p < 0.01). Heart rate variation during 
contractions and in the first minute thereafter was sig- 
nificantly higher (p < 0.05) than during the 3 minutes 
preceding the contractions (Fig. 6). The percentage of 
accelerations that were associated with body movements 
was equally high during and between contractions (92.4 
and 93.1, respectively; binomial test NS).. ” 


Comment 


In the human, periods of antepartum myometrial 
activity were described by J. Braxton Hicks! as early as 
1872. He was convinced of “the fact that the uterus 
possesses the power and habit of spontaneously con- 
tracting and relaxing from a very early period of preg- 
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Fig. 6. Heart rate variation, expressed as the root mean square 
(RMS) value, before, during, and after short-lasting Braxton 
Hicks’ contractions (n = 31), occurring during non-state IF. 
Only those contractions that were not preceded or followed 
by another contraction within 3 minutes were selected for this 
analysis. Given are the medians and interquartile ranges. 


nancy (third month).” He detected the contractions 
manually through the vagina and observed that they 
occurred every 5 or 10 minutes, sometimes even twice 
in 5 minutes. The duration of each contraction was 
eres not long; ordinarily each pastes from 2 to 5 
minutes. | , 

The occurrence of antepartum uterine contractions 
was confirmed by Caldeyro-Barcia and Poseiro,’ who 
studied intrauterine pressure by means of abdominally 
inserted open-tip catheters, in more than 500 women. 
On average, two to. three contractions appeared tò oc- 
cur per 10-minute interval near term. This corresponds 
well with the incidence of nearly two per. 10 minutes 
as found with external tocography in the present study. 
When placed correctly, the transducers detect contrac- 
tions fairly reliably, although no information is ob- 
tained on their intensity.* At present, little information 
is available about the influences of Braxton Hicks’ con- 
tractions on fetal behavior or vice versa. 

In the human fetus behavioral states develop be- 
tween 36 and 38 weeks of gestation. These states are 
distinct and mutually exclusive modes of neural activity, 
reflected by | clusters of phenomena, which are stable 
over time and récur repeatedly.’ — 

The period of staté 1F, which is defined as a period 
without or almost without fetal body movements, pro- 
vides us with an “in-built” control. period, as we can 
compare periods with and without body movements in 
relationship to contractions in the’ same individual. 
Consequently the possible role of fetal body movements 
in the initiation of uterine contractions, for instance, 
by physical stimulation or irritation of the myometrium, 
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could be analyzed by this study design. In turn, the 
possible influences of contractions on fetal activity and 
fetal behavioral states could also be investigated. 

During statė 1F the incidence of uterine contractions 
was the same as that during non-state 1F. This means 
that the occurrence of contractions (frequency, dura- 
tidn) is not Influenced by the presence of either be- 
havioral state. Since state 1F includes no or very few 
body movements, this implies also that it is very unlikely 
that fetal movements induce or modify contractions. 

The present study shows that in the human, as in the 
sheep,” prolonged contractions (lasting more than 5 
minutes) do occur. On average one per 2 to 3 hours 
was observed. However, we could not find any influence 
of these prolonged contractions or of Braxton Hicks’ 
contractions on behavioral states, as their incidences 
were not altered near state changes. Prolonged con- 
tractions associated with heart rate decelerations, how- 
ever, change the fetal heart rate pattern from high to 
low variability, and in the few cases in which eye and 
body movements were observed, these movements also 
appeared to arrest temporarily.” Consequently it seems, 
in the human, that only in situations of supposed fetal 
hypoxemia do prolonged contractions change fetal be- 
havioral states from rapid eye movement sleep to non— 
rapid eyé movement sleep. ; 

In this study we found that in both sleep states the 
overall incidence of body and breathing movements 
during contractions was the same as in between con- 
tractions. This indicates that contractions do not alter 
the overall incidence of these movements. There was, 
however, a specific patterning of both types of move- 
ments during the contractions. The decline of breath- 
ing in the first half of the contraction, followed by an 
increase during the descending part, was also found by 
Wilkinson and Robinson.’ They suggested that this 
patterning might be due to distortion of the fetus, 
changing sensory input from chest wall and lung af- 
ferents, as was also reported in sheep.” On the other 
hand, it might well be a consequence of the patterning 
of body movements, as it is known that fetal breathing 
decreases during body movements.'’ * The gradual 
decline of breathing, which continued after the long- 
lasting contractions, might be related to a decreased 
fetoplacental exchange. The increase of body move- 
ments during the ascending part of contractions sug- 
gests a stimulation of these movements by contractions. 
That this does not occur during state IF (“quiet” sleep) 
is in accordance with an earlier study that showed that 
neither body movements nor heart rate accelerations 
are induced by external physical stimulation of the fetus 
through the maternal abdominal wall and with the 
fact that neonates are difficult to arouse during quiet 
sleep. In the fetus bursts of movements occur at more 
or less regular intervals of about 1 minute." It is there- 
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fore understandable that an increase of movements 
during the first half of the contraction is followed by a 
decrease afterward, resulting in an equal overall inci- 
dence of body movements during and between con- 
tractions. oe . 

The relationship between heart rate accelerations 
and body movements found in this study, is in agree- 
ment with reports in the literature." '* Heart rate ac- 
celerations are often followed by transient decelera- 
tions.'' The patterning of body movements during the 
contractions might therefore explain the transient in- 


crease in heart rate variation. The longer duration of 


the accelerations during contractions suggests, how- 
ever, that other mechanisms might also play a role. One 
may think in terms of qualitative changes in body move- 
ments (more forceful) or of compensatory heart rate 
changes induced by the transient reduction in fetopla- 
cental exchange during the contractions. 

_ It is concluded that in the near-term human fetus: 
(D) Braxton Hicks’ contractions are not influenced by 
behavioral states, and state changes are not related to 
these contractions; (2) body movements do not stimu- 
late contractions; (3) cont cractions coincide with a spe- 
cific clustering of body movements and breathing 
movements. 


We thank K. T. Meijer for his expert technical help. 
Our thanks are also due to Dr. A. Boogert for the 
critical reading or the manuscript and to Y. Lems for 
the illustrations. 
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(Sub)Specialization in obstetrics and gynecology: Results of a 
survey by The American Board of Obstetrics and Gynecology 


James A. Merrill, M.D. 
Seatile, Washington 


Survey of department chairmen (n = 113) ahd forrner fellows (n = 599) revealed that from 1974 to 1984 
the mean number of full-time faculty doubled and the increase was in. subspecialists (5.1 per department). 
More than 60% of departments report trained subspecialists in.three areas and 92.9% in one cr more 
areas. Twenty-two chairmen report zero laboratory research funding. Of former fellows, 82% are certified 
in obstetri¢s and gynecology; 44% are certified in a subspecialty; 86. 3% have passed the subspecialty 
written examination. Employment ìs full-time faculty for 60.8% and full-time private practice for 16.1%. 
They devote 49.1% of professional time to the subspecialty and 15.9% to research, most of which is 
clinical; 56.6% spend no time in laboratory research. While 40.3% have submitted no research grant 
applications since completion of fellowship, of all grants submitted to the federal government, 63.5% were 
approved and 34.5% were funded. The mean number of papers published since fellowship is 7.8. The 
number of fellows graduating may meet estimated need. The initial objectives of this new certification are 


being achieved. (AM J Osstet GYNEcoL 1987;156:550-7.) 


Key words: Subspecialization, specialization, obstetrics and gynecology, survey 


' The American’ Board of Obstétrics and Gynecology 
was incorporated in 1930 and the first specialists in 
obstetrics and gynecology certified: The board contin- 
ues to be interested in the nature of physicians who 
enter obstetrics and gynecology, the quality of educa- 
tion they receive, and the impact of the evaluation pro- 
cesses of the board. In 1969 the board convened a 
conference on specialization, attended by represénta- 
tives of national societies in obstetrics and gynecology. 
The purpose of the conference was to improve the 
health care of women by. elevating standards of edu- 
cation. The conference was followed by thorough study 
of the impact of advanced training ‘in obstetrics and 
gynecology. An outgrowth of this was the formation, 
in 1972, of three specialty divisions of The American 
Board of Obstetrics and Gynecology for (1) gynecologic 
oncology, (2) reproductive endocrinology, and (3) ma- 
ternal-fetal medicine. 

The general objective of the specialty divisions was 
to improve the health care of women with special prob- 
lems by: (1) elevating standards of education, (2) en- 
hancing the recruitment of qualified physicians, (3) im- 
proving the organization and distribution of patierit 
care, and (4) increasing basic knowledge. Although not 
specifically stated, many assumed that “increasing basic 
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knowledge” would result from increased research ac- 
tivities of specialists certified for special qualification. 

Criteria and mechanisms were established’ for ap- 
proval of specialty fellowships. Each is periodically re- 
viewed by the Board. By 1985 there were 161 approved 
fellowship programs (29 in gynecologic oncology, 50 in 
reproductive endocrinology, and 82 in maternal-fetal 
medicine). In 1974 the first examinations were given 
and certificates of special qualification were issued. By 
the end of 1985 there were 896 diplomates who had 
been awarded certificates of special qualification in one 
of the three specialty areas (364 in maternal-fetal med- 
icine, 294 in gynecologic oncology, and 238 in repro- 
ductive endocrinology). 

' At 10 years after the first certificates of special qual- 
ification were granted, the Board was interested in 
studying the results of this new specialty certification. 
Many of the original objectives seemed to have been 
accomplished. However, concern had been expressed 
that research in obstetrics and gynecology may have 
been.diminished by substitution of clinically oriented 
specialty training programs for the laboratory training 
that otherwise might have been pursued by those en- 
tering academic careers. Therefore three studies were 
conducted by the board addressing these concerns. One 
was of the scholastic ability of residents in obstetrics 
and gynecology completing their training in 1983 and 
1984. Reported here are analyses of a questionnaire 
sent to all who had ever been enrolled in a board- 
approved specialty fellowship and a questionnaire sent 
to all chairmen of medical school departments of ob- 
stetrics and gynecology. 
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Method 


In 1984 the two questionnaires were sent out. A ques- 
tionnaire designed to obtain information regarding lab- 
oratory research activity in medical school departments 
of obstetrics and gynecology and the impact of specialty 
fellowship training was sent to 144 chairmen of de- 
partments of obstetrics and gynecology in the United 
States and Canada. The second questionnaire designed 
to identify activity profile, with emphasis on laboratory 
research, was sent to the 869 individuals who had 
started a Board-approved fellowship prior to 1982, 
thus to those presumably who had completed fellow- 
ship prior to 1984. (In fact, seven respondents indicated 
they started their fellowship in 1982 and two respon- 
dents indicated that they started in 1983.) The data 
were compiled, analyzed, and made available by the 
Division of Research in Medical Education, University 
of Washington, School of Medicine, Seattle, Wash- 
ington. 


Response 


The response was good. The questionnaire was 
completed and returned by 116 department chair- 
men (80.6%). The questionnaires from 113 chairmen 
(78.5%) including 108 from the United States were 
used in the analysis. Questionnaires were received from 
614 former fellows (70.7%). The responses from 599 
(69.2%) former fellows were used in the analysis. The 
only questionnaires excluded from the analyses were 
those received after computations had been initiated. 
There were a few questions with no responses in one 
or more instances and some completed the question- 
naire but did not identify their specialty area. 


Findings and results 


Chairman questionnaire. Between 1974 and 1984 
the number of full-time faculty in departments of ob- 
stetrics and gynecology nearly doubled (Table I). Al- 
though 17.9% of departments in 1974 had no M.D. 
full-time faculty, in 1984 the mean number per de- 
partment was 12.6. The increase in full-time faculty 
has resulted from appointment of individuals with spe- 
cial qualification in the specialty areas of obstetrics and 
gynecology (Table II). The mean number of trained 
subspecialists per department is: reproductive endo- 
crinology, 1.4; gynecologic/oncology, 1.4; maternal-fe- 
tal medicine, 2.3. There are about half again as many 
individuals in departments with subspecialty interest 
who have not completed approved specialty fellow- 
ships. Table III shows that only 7% of departments do 
not have any faculty member who has completed a 
specialty fellowship. More than 60% of departments 
report fellowship-trained specialists in all three areas; 
23.9% in two areas; and almost 9% in one area only. 
The proportion and number of fellowship-trained spe- 
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Table I. Number of full-time faculty (mean 
per department) 


M.D. and 
M.D. Ph.D. Ph.D. 


In 1974 6.6* 0.4 1.1 
In 1984 12.6 0.7 2.3 


*17.9% of departments had none. 


clalists in medical school departments of obstetrics and 
gynecology are increasing. 

Analysis of the questionnaire suggests that laboratory 
research activity in departments of obstetrics and gy- 
necology is not flourishing. Almost one third of chair- 
men (29%) indicated they could not allocate research 
laboratory space to a new faculty member and 40.4% 
of the chairmen indicated that no one had been trained 
in laboratory research in the department during the 
previous 10 years. As expected, laboratory research 
support, in order of dollar amount, decreases from 
federal government to foundations, practice revenues, 
industry, and university. For each of these categories 
of funding, more than 25% of the schools indicate no 
laboratory research funding. There were 22 depart- 
ment chairmen who reported zero laboratory research 
funding from all sources combined. The chairmen 
were asked if they plan, within the next 5 years, to 
recruit new faculty who will devote more than 50% of 
their time to laboratory research. Table IV demon- 
strates that 53.6% of the responding chairmen do not 
plan to recruit an M.D. to do laboratory research. The 
data indicate that Ph.D.’s are being recruited for re- 
search more often than M.D.’s. The mean number of 
new faculty being recruited for research in the next 10 
years is two per school. 

The response from chairmen suggests satisfaction 
with the current number of trainees in obstetrics and 
gynecology. Table V indicates that slightly more than 
half of the chairmen recommend that the number of 
trainees in fellowships and residencies remain stable. 
Of the respondents, 32.5% recommend an increase in 
maternal-fetal medicine fellows and 41.5% recommend 
a decrease in the number of residents. 

The chairmen indicated their opinion that the most 
frequent factors with negative impact on a young 
faculty member pursuing a career in laboratory re- 
search were personal preference and volume of clinical 
practice. 

Fellows questionnaire. Table VI records the spe- 
clalty area of the 599 respondents whose data were used 
in the analysis. All of the respondents began a fellow- 
ship, but not all of them completed it. Table VIL, which 
displays the date training was completed, shows the 
growth of fellowship programs, which began in 1973 
and increased erratically through the years covered by 
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Table II. Number of full-time faculty in each subspecialty (mean per department) 





No fellowship l1 
Complete fellowship 20 
3.4 


Total 


Table HI. Number of departments with 
full-time faculty who completed 
approved fellowships 


z 


None 8 Tal 

Al three 68 60.2 

Maternal-fetal medicine and gynecologic 12 10.6 
oncology 

Maternal-fetal medicine and reproduc- 8 7.1 
tive endocrinology 

Gynecologic oncology and reproductive 7 6.2 
endocrinology 

Maternal-fetal medicine only 7 6.2 

Gynecologic oncology only 2 1.8 

Reproductive endocrinology only J 0.9 


Table IV. Recruitment plans: “In the next 

5 years how many new faculty do you plan to 
recruit who will devote more than 50% of 
their time to laboratory research?” 


Percent of schools 
recruiting none 


M.D. 0.7 53.6 
Ph.D. 1.0 39.6 
M.D. and Ph.D. 0.3 80.7 


Table V. Recommended change in the total 
number of fellows and residents (percent 


of chairmen) 
Increase | Decrease | Remain stable 
(%) (%) (%) 


Maternal-fetal medicine 32.4 13.9 53.7 
Gynecologic oncology 18.3 23.9 57.8 
Reproductive endocrinology 23.1 19.4 57.4 
Residents 13.2 41.5 45.3 


Nonrespondents were maternal-fetal medicine, five; gyne- 
cologic oncology, four; reproductive endocrinology, five; res- 
idents, seven. 


the survey. There has been no increase in number of 
programs or number of fellows in recent years. On the 
basis of the number of fellows who have recently grad- 
uated and those currently enrolled in fellowship there 
appears to be a plateau in the number of physicians 
completing fellowship at the current rate of 12.8% of 
the annual graduates from obstetrics and gynecology 
residencies. 


Maternal-fetal Gynecologic Reproductive 
medicine oncolagy endocrinoiogy 


0.6 0.7 1.0 
1.4 1.4 0.2 
19 22 


Table VI. Specialty area of 599 respondents 


z 


Maternal-fetal medicine 245 41.4 
Reproductive endocrinology 192 32.4 
Gynecologic oncology 155 26.2 
Not recorded 7 


Table VII. Date fellowship training completed 


x 


1970 ] 0.2 
1974 9 1.6 
1975 18 i 
1976 34 6.1 
1977 37 6.6 
1978 56 10.0 
1979 54 9.7 
1980 86 15.4 
198] 9] 16.3 
1982 72 12.9 
1983 95 17.0 
1984 6 1] 
Nonrespondents 4] 


Table VIII reveals that 82% of those responding to 
the question were certified diplomates in obstetrics and 
gynecology with almost 85% of gynecologic oncologists 
certified. If itis assumed that those who did not respond 
to this question are not certified, then 79.6 of the total 
respondents are certified. The percent certified in ob- 
stetrics and gynecology is no less than the number es- 
timated to be eligible for certification, on the basis of 
the dates when fellowship was completed. In fact, only 
76.3% of respondents indicated that they completed 
fellowship prior to 1983. Certainly some of those who 
did not complete fellowship have gone on to be certified 
in obstetrics and gynecology. 

Tables IX and X display the success of the respon- 
dents in the specialty certifying process. It seems rea- 
sonable to assume that successful candidates were more 
likely to return the questionnaire than were unsuc- 
cessful candidates. This would have a enhancing affect 
on the results. Those respondents who completed fel- 
lowship in 1981 or before could have been eligible for 
certification of special qualification in one of the three 
specialties at the time of the survey, and 64% of the 
respondents were in this category. The survey reveals 
that only 44% of the respondents have been certified 
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Table VIII. Certified in obstetrics and gynecology 


Percent of respondents 
n Certified to this question 


Maternal-fetal medicine 237 
Reproductive endocrinology 186 
Gynecologic oncology 152 
Total 582* 
Nonrespondents 17 


*Includes those not indicating subspecialty (n = 7). 


for special qualification (Table IX). The percent cer- 
tified in gynecologic oncology exceeds that for the other 
two specialties. There are a number cf individuals who 
have passed the written examination and are no longer 
eligible to take the oral examination. Table X indicates 
that 86% of those who answered the question indicated 
that they had passed the written examination in the 
specialty. If we assume that those who did not respond 
to this question have not passed the written examina- 
tion, then the figure drops to 80%. On the basis of the 
date of completing fellowship, it could be estimated that 
92% were eligible to have passed the written. 

The majority of individuals who eniered a fellowship 
are now full-time faculty members (Table XI). Overall, 
60.8% of 595 respondents indicate that their current 
employment is as a full-time faculty member (slightly 
less for gynecologic oncologists). Approximately 16% 
are employed full-time by a hospital other than the 
medical school and an equal number are in full-time 
private practice. For those completing fellowship dur- 
ing recent years, the percent in private practice is some- 
what lower and the percents in full-time medical school 
and full-time hospital are both slightly greater. How- 
ever, there is no great difference between those com- 
pleting fellowship in 1976 and those completing in 
1983. 

Those who have taken fellowship training indicate 
that almost one half of their professional time is de- 
voted to the clinical area of their specialty (Table XIF). 
Gynecologic oncologists devote 60% of their time to 
oncology, whereas those in the other two specialties 
devote slightly less than half of their time to the spe- 
cialty. Thus some portion of time is devoted to the 
breadth of the specialty by individuals with fellowship 
training. 

The mean for the percent of time devoted to research 
is 15.9% while the mode and median time devoted to 
research is 10%. Those in reproductive endocrinology 
devote the greatest amount of time and those in gy- 
necologic oncology the least amount of time to research. 
Most research appears to be clinical research. This is 
most apparent for those in gynecologic oncology. The 
percent of research time devoted to laboratory research 
is 13.3% for gynecologic oncology; 19.0% for maternal- 


192 
15] 
129 


477 
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Percent of 
total respondents 
81 78.4 
81.2 78.6 
84.9 83.2 
82.0 79.6 


Table IX. Certified in subspecialty 


O [oa] 


Maternal-fetal medicine 245 96 39.2 
Reproductive endocrinology 192 78 40.6 
Gynecologic oncology 155 85 54.8 
Total 599* 261 43.6 


*Includes those not indicating subspecialty (n = 3). 


fetal medicine and 29.1% for reproductive endocri- 
nology, according to the response to this question. From 
this, it is possible to conclude that the percent of total 
professional time devoted to laboratory research is 
1.4% for oncology; 3.0% for maternal-fetal medicine; 
and 6.0% for reproductive endocrinology. The re- 
sponse indicates that 56.6% spend no time in laboratory 
research. 

One measure of research productivity is the number 
of research grants submitted. Experience with research 
grant applications is displayed in Tables XIII to XVII. 
The survey revealed that 32.8% of individuals have 
submitted research grants to the federal government 
and slightly fewer have submitted research grants to 
each of the other sources of funding (Table XIII). Thus 
a significant number of former fellows answered that 
they had not submitted a research grant application. 
Approximately 40% of the respondents indicated that 
they had filed no research grant applications since com- 
pletion of training, and 85.8% have not had a research 
grant funded by the federal government. Specialists in 
reproductive endocrinology most frequently and spe- 
cialists in gynecologic oncology least often have sub- 
mitted research grant applications. Table XIV reveals 
that the 599 respondents have submitted 1478 research 
grant applications. The mean number of grants sub- 
mitted per respondent is <1 to each of the five funding 
sources listed and 2.5 to all sources combined. However, 
the mean number of grants submitted, for the individ- 
uals submitting any grants, ranges from 2.29 for the 
federal government to 1.72 for the university (Table 
XV). Those who submit grants have submitted multiple 
grants over the years (mean 4.1). 

The success of submitted research grants is quite re- 
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Table X. Passed written examination in subspecialty 





Percent respondents to Percent of 
Yes this question total resbondents Ì 


Maternal-fetal medicine 184 81.1 
Reproductive endocrinology 161 - 91.5 
Gynecologic oncology 129 89.0 
Total 479* 86.3 
Nonrespondents 20 


*Includes those who did not indicate subspecialty (n = 7). 


Table XI. Current employment of subspecialists 






Full-time medical school 362 60.8 
Full-time hospitalf 7 16.3 
Full-time private practice 96 16.1 
Part-time teaching 20 3.4 
Other 20 3.4 
Nonrespondents 4 


*Includes those who did not indicate subspecialty (n = 7). 
+Other than medical school. 


Maternal-fetal 


Reproductive 
endocrinology 


medicine 
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No Nonrespondents 
75.1 43 18 
83.9 15 16 
83.2 16 10 
80.0 76 44 






Gynecologic 
oncology 


5.18 118 61.5 9] 58.7 

20.3 21 10.9 27 17.4 

13:7 36 18.8 25 16.1 

25 10 5.2 4 2.6 

Fy 7 3.6 8 D2 
0 0 


Table XII. Time allocations: Percent of total professional time 





Area of subspecialty 49.1 
Normal obstetrics 9.6 
Operative gynecology 9.5 
Outpatient care 11.5 
Research 15:9 
Other 4.3 


spectable, as seen in Tables XVI and XVII. Of all the 
grants submitted to the federal government, 63.5% 
were approved and 34.5% were funded. The success 
was greater for those grants submitted to other funding 
sources. Table XVII reveals that 809 grants have been 
funded at a dollar value per funded grant ranging from 


Gynecologic 
oncology 
44.2 45.0 60.3 
16.8 6.5 2.5 
5.8 10.4 14.0 
11.4 12.2 10.9 
15.9 20.5 10.5 
5.6 3.3 3.6 


$37,812 for oncology to $67,295 for maternal-fetal ` 


medicine. 

The former fellows were asked who should carry out 
most laboratory research in their specialty and re- 
sponded as follows: Ph.D., 29.9%, M.D., 13%, M.D., 
Ph.D., 26.4%; whomever has the interest and skills, 
30.6%. When asked if they were satished with the 
amount of time devoted to laboratory research, 48.5% 
responded yes. There was very little difference in the 
response from the three groups: maternal-fetal medi- 
cine, 50.2%; reproductive endocrinology, 47.3%; gy- 
necologic oncology, 49.4%. 

The mean number of papers published in refereed 
journals was 7.8 (Table XVIII). There were 23.9% who 


reported that they had published no papers. There was 
no trend identified with respect to the year in which 
the training was completed. 

As was true for the chairmen, Table XIX indicates 
that the majority of respondents believe that the num- 
ber of trainees in their specialty should remain stable 
or decrease. Very few recommended an increase in 
number of trainees. 


Comment 


Although response was good, it was not 100% and 
conclusions from the survey must be made with that in 
mind. Both questionnaires emphasized laboratory re- 
search. It is possible that those who did not respond 
were influenced in one way or another by that. The 
respondents did provide some very specific financial 
information relating to research. 

In 1983 The Association of Professors of Gynecology 
and Obstetrics and The American College of Obste- 
tricians and Gynecologists surveyed all chairmen of de- 
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Table XIII. Percent of individuals submitting research giant applications since completion of training 





Federal government 32.6 
Foundations 29.5 
Industry 23.5 
University 30.6 
Practice revenue 6.7 
All sources 59.7 


Maternal-fetal 
medicine 











Reproductive 
endocrinology 


(%) 


Gynecologic 
oncology 


(%) 








38 22.6 
28.4 23.9 
30 16.8 
36.5 25.8 

8.3 4.5 
63.7 51.6 


Table XIV. Research grant applications submitted since completion of training (mean per individual) 





Federal government 


Approved T 

Funded 0.3 
Foundations 325 0.6 167 
Industry 322 0.6 136 
University | 311] 0.5 105 
Practice revenue 73 0.1 26 
All sources 1478 2.5 . 634 


partments of obstetrics and gynecology’ and found the 
mean number of M.D. and Ph.D. faculty per depart- 
ment to be identical. to results.of this survey. The 
APGO/ACOG survey reported an increase in the num- 
ber of subspecialty faculty and a decrease in general 
obstetrics‘and gynecology faculty during the preceding 
3 years. This trend is also apparent from the Board 
study. From 1974 to 1984 the mean number of M.D. 
faculty per department increased by 6. In 1984 the 
mean number of faculty with Board-approved fellow- 
ship training was 5.1 and there were other subspecialty 
faculty without fellowship training. The APGO/ACOG 
survey identified 448 full-time faculty certified in one 
of the three specialty areas, whereas the current study 
identified 571 full-time faculty with approved fellow- 
ship training. The increase in number is greater for 
maternal-fetal medicine and reproductive endocrinol- 
ogy than for oncology. The 1983 survey identified 13 
schools with no full-time faculty certified for special 
qualification and the Board survey identified only- eight 
sċhools without trained subspecialists. Those certified 
early did not have Board-approved fellowship training 
and many former fellows are not yet certified. 

Pearse et al.' reported a greater percent of certified 
subspecialists with full-time faculty appointments (re- 
productive endocrinology, 84%; maternal-fetal medi- 
cine, 78%; gynecologic oncology, 63%) than was found 
for former fellows in the board survey. The difference 
might be explained if those who achieve certification 
are employed more often as full-time faculty than those 


Maternat-fetal 
medicine 








Reproductive 
endocrinology 


Gynecologic 
oncology 





0.4 
05 07 0.2 
0.3 0.4 0.2 
0.7 97 0.5 61 0.4 
0.5 137 0.6 49 0.3 
0.4 137 0.7 69 0.4 
0.1 36 0.2 11 0.1 
2.6 594- 3.1 250 1.6 


Table XV. Research grant applications 
submitted (mean per individual for those 
submitting any. grants) 


7 > | Mean 


Federal government 2.3 
Foundations 1.9 
Industry 20 
University 1.7 

1.8 


Practiċe revenue 


who are not certified. There is no other evidence for 
this. 

The APGO/ ACOG survey reported that research fac- 
ulty needs were projected to increase, by. 53%, which 
certainly was not the case in the Board survey. In the 
APGO/ACOG survey, chairmen indicated a need to add 
approximately four full-time equivalent faculty posi- 
tions per department for full-time research by .1988. 
The Board survey indicated plans to recruit approxi- 
mately two new faculty during the next 10 years who 
will devote more than 50% of their time to laboratory 
research (one full-time equivalent). This may reflect 
the difference between plans for laboratory research 
and clinical research and also the impact of the grow- 
ing need to finance departments from clinical practice 

revenue. 

Although former fellows devote some time to the 
breadth of the discipline, the majority of their time is 
devoted to their specialty area. Whereas essentially all 
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Table XVI. Percent of total submitted grants approved and funded 


Maternal-fetal 
- medicine 


Reproductive 
endocrinology 


Gynecologic 
oncology 





Federal government 


. Approved 63.5 
Funded 34.5 
Foundation 
Approved 62.5 
Funded 49.9 
Industry 
Approved 87.0 
Funded 82.6 
University l 
Approved 73.6 
Funded , 56.6 
Practice revenue 
Approved mc Be, 
Funded. 69.9 


70 51.7 
36.9 43.3 
66, 68.9 
53.6 54.1 
84.7 79.6 
81.8 73.5 
81.8 60.9 
67.8 42 
-71.8 100 
77.8 81.8 


Table XVII. Research funding from all sources since completion of fellowship 


Gynecologic 





Maternal-fetal - Reproductive 
medicine endocrinology 


No. of grants submitted 634 
No. of grants approved 438 
No. of grants funded 322 
Amount per funded grant . $67,295 
Amount per submitted grant $34,178 

- Total amount $21,669,000 


subspecialists who are eligible have been certified in 
obstetrics and gynecology and most have passed the 
specialty written examination, it may be surprising that 
only 44% of the respondents are certified in their sub- 
specialty. The requirement of a current published ar- 
ticle influences that. Recent Board policy changes may 
decrease the number of individuals who pass the spe- 
cialty written examination but never achieve eligibility 
for the oral examination. 

The future need for diplomates certified for special 
qualification is uncertain. The response from both 
chairmen and subspecialists does not indicate a strong 
desire to increase the number of fellows in training, 
although some chairmen indicate a need for increased 
numbers. The 1983 APGO/ACOG survey projected a 
need for 414 new subspecialists by 1988: 164 in ma- 
ternal-fetal medicine, 114 in gynecologic oncology, and 
136 in reproductive endocrinology. Such numbers 
could be met by those currently being certified only if 
nearly all accepted full-time faculty appointments. In 
1972 the American Board of Obstetrics and Gynecol- 
ogy surveyed all certified obstetrician-gynecologists in 
the United States. In that survey,? 14.1% of 9297 
respondents indicated that there was an area of ob- 
stetric-gynecologic practice in which a majority of their 
practice time and effort was being devoted, and 10.2% 
indicated one of the three current divisions (maternal- 


- oncology 
594 250) 
451 165 
354 133 
$46,839 $37,812 
$27,914 $20,116 
$16,581,000 - $5,029,000 


fetal medicine, 4.7%; gynecologic oncology, 2.9%; and 
reproductive endocrinology, 2.6%). By 1985 the 896 
diplomates with certificates of special qualification rep- 
resents 3.9% of the approximately 22,700 living diplo- 
mates, Certificates of special qualification were issued 
to. 158 diplomates in 1984 and 1985, which represents 
7.2% of diplomates certified in the same years. The 
number of fellows graduating in 1985 ahd 1986 rep- 
resents 12,8% af the total number of residents who 
graduated in 1983 and 1984. This suggests that cur- 
rent subspecialty training approximates practice need. 
There have been no formal studies of the demand for 
subspecialists, but estimates based on the 1972 board 
survey,” identified patient problems in the state of Col- 
orado (E: S: Taylor), and projections for development 
of tertiary care centers (W. H. Pearse) each have sug- 
gested a need for 300 to 400 specialists in reproductive 
endocrinology and gynecologic oncology and 700 to 
800 in. maternal-fetal medicine. There has never been 
an effort to establish a desired number of specialty 
fellows. Despite that, the number of fellows graduating 
annually has plateaued and is approximately what sev- 
eral have estimated the need to be. It is possible that 
such estimated needs will be met by the end of the 
century. 

One objective of the questionnaire was to determine 
the impact of subspecialization on research, with em- 
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Table XVIII. Articles published in refereed journals since completion of fellowship 


Maternal-fetal 


medicine 


No. of articles 


Reproductive 
endocrinology 


Gynecologic 
oncology 


0 17 

1-5 96 40 63 33 57 37 
6-10 28 12 35 18 27 17 
11-20 35 15 19 10 24 15 
21-30 12 5 8 4 11 7 
41-50 4 2 3 2 2 l 
51-60 | — 3 2 l l 
61-70 - — ~ ~- — - 
71-80 ~ — -= ~- J 1 
Mean No. of articles per respondent 7.4 ~ eee = 8.8 - 


Table XIX. Recommended change in fellowship trainees (percent of subspecialist respondents) 


Increase Decrease 


Maternal-fetal medicine 15.5 
Gynecologic oncology 2.6 
Reproductive endocrinology 13.5 
All 11.8 


phasis on laboratory research. The median and mode 
for percent of professional time devoted to research 
was 10% with a mean of 15.9%. The mean for repro- 
ductive endocrinology was higher (20.5%). Most re- 
search is clinical research. The percent of total profes- 
sional time devoted to laboratory research varied from 
1.4% for oncology to 6% for reproductive endocrinol- 
ogy. Although 40% of respondents have never filed a 
research grant application, the success of the many sub- 
mitted research grants is good. Of all research grants 
submitted to the federal government, for example, 
34.5% were approved and funded. Total research 
funding to these former fellows ts $43 279,000.00. Cer- 
tainly this has increased the research productivity of 
medical school departments of obstetrics and gyne- 
cology. 

Thus the survey reveals that research is not the major 
activity of subspecialists. Undoubtedly there are many 
reasons for this and one may be the nature of those 
who have entered obstetrics and gynecology. The 
Board studied the scholastic ability of those who fin- 
ished obstetrics and gynecology residencies in 1983 and 
1984. To the extent that scholastic ability is measured 
by performance on National Board of Medical Exam- 
iners Part I and Part IJ examinations, residents in ob- 
stetrics and gynecology, on the average, had slightly 
less of that ability than national norm groups who took 
the same examinations. 

Ten years after the first certificates of special quali- 
fication were granted, it appears that the objectives of 
this new certification by the Board are being achieved. 


Remain stable 


14.2 70.3 
45.1 52.3 
20.5 65.9 
24.3 63.9 


Qualified physicians have been recruited into the spe- 
cial areas of obstetrics and gynecology and more than 
60% have full-time medical school faculty appoint- 
ments. Almost all departments have one or more 
trained subspecialists. The fellowship training pro- 
grams are regularly reviewed and have structured re- 
quired curricula to ensure appropriate training of fel- 
lows. Those who have been trained devote more than 
half of their time to the specialty area but most are not 
removed from the principal discipline. The develop- 
ment of divisions within departments of obstetrics and 
gynecology has elevated the standards of education in 
each of the special areas and contributes to improve- 
ment in the organization and distribution of patient 
services. Although subspecialists devote most of their 
time to clinical activities, they are involved in laboratory 
research that increases basic knowledge in the special 
areas. It is difficult to separate the impact of newly 
emerging technology and knowledge from the impact 
of advanced training. 


I gratefully acknowledge the assistance of Doug 
Schaad, M.Ed., Division of Research in Medical Edu- 
cation, University of Washington School of Medicine, 
Seattle, Washington. 
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The diagnostic value of hysterosalpingography and 
hysteroscopy in infertility investigation 


Jamil A. Fayez, M.D., Ghazi Mutie, M.D., and Peter J. Schneider, M.D. 
Winston-Salem, North Carolina 


Four hundred infertile patients had hysterosalpingography and hysteroscopy as part of their infertility 
workup. A comparison between the findings of these two procedures was carried out to study their 
diagnostic value in female infertility investigation. It was found that hysterosalpingography was as accurate 
as hysteroscopy in the diagnosis of normal or abnormal uterine cavities while the nature of the intrautarine 
filling defects was accurately revealed by hysteroscopy only. It is concluded that hysterosalpingography is 


an important screening procedure for the diagnosis of normal or abnormal uterine cavities and that 
hysteroscopy should be reserved only for the confirmation and treatment of intrauterine anomalies 
discovered by hysterosalpingography. Therefore we look at the two procedures, hysterosalpingograpky 
and hysteroscopy, as complementary techniques. (AM J OBsTET GynecoL 1987;156:558-60.) 


Key words: Hysterosalpingography, hysteroscopy, infertility 


Hysteroscopy was first performed more than 100 
years ago,’ but the procedure was practiced by few phy- 
sicians until recently. With advances in instrumentation 
and the availability of better distention media, interest 
in hysteroscopy has increased, particularly with regard 
to its applicability in the investigation of female infer- 
tility. Reports on the diagnostic value of hysteroscopy 
are conflicting, with many authors claiming increased 
accuracy of hysteroscopy compared with hysterosalpin- 
gography in the diagnosis of intrauterine lesions.* * 
Some authors” ê have suggested that hysterosalpin- 
gography should be completely supplanted by endos- 
copy. In this context, it was thought to be appropriate 
to make this retrospective study about hysterosalpin- 
gography and hysteroscopy to determine the diagnostic 
value of each procedure and to establish certain criteria 
whereby each might be properly used. 


Material and methods 


The study population consisted of 400 women be- 
tween the ages of 17 and 40 (mean 29.2) who had a 
complete infertility workup, including hysterosalpin- 
gography and hysteroscopy. Hysteroscopy was per- 
formed routinely for most infertile patients who had 
diagnostic or operative laparoscopy. Whether diagnos- 
tic or operative, hysteroscopy always followed laparos- 
copy to avoid instillation of contrast medium into the 
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Table I. Indications for hysteroscopy 


Indication % 
Routine infertility workup 177 44.25 
Unexplained infertility workup 43 10.75 
Intrauterine synechize 96 24.0 
Intrauterine filling defects other 26 6.5 
than synechiae 
Double uterus (septate or bi- 24 6.0 
cornuate) 
Diethylstilbestrol-associated uterus _34 8.5 
Total 400 100.0 


pelvis, which could have interfered with any operative 
laparoscopy procedures. All patients who had operative 
hysteroscopy were included in this study while those 
who had diagnostic procedures were selected ran- 
domly. All charts were reviewed to compare the diag- 
nostic value of hysterosalpingography and _ hysteros- 
copy in the investigation of female infertility. Hys- 
terosalpingography preceded hysteroscopy by 1 to 6 
months in all cases; the interval depended on the in- 
dication of hysteroscopy on the basis of history and 
physical examination as well as the findings of hystero- 
salpingography. 

Ail hysterosalpingographic examinations were out- 
patient procedures and they were performed and in- 
terpreted by a reproductive endocrinologist in con- 
junction with a radiologist. They were performed in 
the proliferative phase of the menstrual cycle with ster- 
ile techniques and without analgesia or anesthesia. Wa- 
ter-soluble contrast medium, 10 to 20 ml (Sinografin, 
E. R. Squibb & Sons, Princeton, New Jersey), was in- 
jected slowly into the cervical canal via a plastic acorn 
with the aid of fluoroscopy monitoring. In the majority 
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Table II. Uterine findings at hysterosalpingography and hysteroscopy 


Uterine finding 


Normal uterine cavity 

Synechiae 

Arcuate uterus 

Double uterus (septate or bicornuate) 
Polyps 

Fibroids 

Diethylstilbestrol-associated uterus 


Total 


Hysterosalpingography 


Hysteroscopy 

194 219 {194 F 25) 

96 82 

26 20 

24 24 

16 9 

10 12 (10+ 2) 
34 ae” oe 
400 400 





of cases two anteroposterior films were sufficient to 
allow the diagnosis of uterine or tubal abnormalities. 

Hysteroscopy was performed in the proliferative 
phase of the menstrual cycle with the patient under 
general anesthesia with endotracheal intubation. Al- 
though local anesthesia is adequate for diagnostic hys- 
teroscopy, it was not feasible here as all hysteroscopy 
procedures were combined with diagnostic or operative 
laparoscopy. Hyskon (Pharmacia Laboratories, Inc., 
Piscataway, New Jersey) was the only distention me- 
dium used with an average of 40 ml needed for diag- 
nostic purposes and 150 ml for operative procedures, 
Once the uterine cavity was adequately distended, a 
systemic exploration was performed. The fundus was 
examined first; then the anteroposterior and lateral 
walls were scrutinized. Before the procedure was com- 
pleted, both ostia were identified and the cervical canal 
was thoroughly scanned. Findings were recorded on a 
hysteroscopic examination form for future review. The 
indications for hysteroscopy in this study are shown in 
Table I. 


Results 


Synechiae were easily identified by hysteroscopy as 
bridges extending from one part of the uterine cavity 
to another. The arcuate uterus was identified hystero- 
scoptcally by the shallow and smooth fundal wedge pro- 
truding into the uterine cavity. The septate and bi- 
cornuate uteri were differentiated by the laparoscopic 
appearance of their fundi and then examined hystero- 
scopically. The septum in the septate uterus appeared 
triangular with a thin apex in contradistinction with the 
thick, broad and short muscular partition in the bi- 
cornuate uterus. All of the 12 fibroids were single and 
sessile. Nine of these were <3 cm and were extracted 
hysteroscopically with bleeding minimized by the pres- 
sure of the bulb of a Foley catheter. The other three 
fibroids were 5 cm and were removed abdominally. 
When the 34 diethylstilbestrol-associated uteri diag- 
nosed by hysterosalpingography were examined hys- 
teroscopically, they showed different abnormalities in- 
cluding small uterine cavities, multiple short synechiae, 
intracervical ridges, and short or long cervical canals. 


Table II shows that hysterosalpingography was as 
accurate as hysteroscopy in the diagnosis of normal 
uterine cavities, double uteri (septate and bicornuate), 
and diethylstilbestrol-associated uteri but was inaccu- 
rate in 27 cases belonging to the remaining subgroups. 
Hysterosalpingography showed synechiae in 96 pa- 
tients while hysteroscopy confirmed the diagnosis in 
only 82. Sixteen patients were diagnosed as having pol- 
yps; five of these proved to be mucus or thick shaggy 
endometrium when visualized by hysteroscopy and two 
were small fibroids. A x? test showed that there was a 
significant difference in the accurate diagnosis of uter- - 
ine synechiae when made by hysteroscopy (p = 0.002) 
while the difference was not significant in the diagnosis 
of other uterine anomalies made by the two procedures 
(p = 0.05). 


Comment 


Procedures to determine whether a uterine fac- 
tor is responsible for infertility include endometrial 
sampling, endometrial culture, hysterosalpingography, 
hysteroscopy, and laparoscopy. Hysterosalpingography 
is a simple, noninvasive procedure that enables visual- 
ization of the uterine cavity contour, revealing or ruling 
out anomalies that include different types of intrauter- 
ine defects. For centuries, hysterosalpingography was 
the sole procedure that could provide adequate infor- 
mation about the normality or abnormality of the uter- 
ine cavity. Hysteroscopy, the direct visualization of the 
interior of the uterine cavity, was, until the early 1970s, 
of controversial value. Most recently, hysteroscopy has 
developed into a highly sophisticated and effective tech- 
nique with increasing applicability. While studies** have 
demonstrated the increased accuracy of hysteroscopy 
over hysterosalpingography in the diagnosis of intra- 
uterine lesions, others found that hysterosalpingogra- 
phy was more reliable.* Over the years, we have been 
impressed with the positive correlation between the 
findings of hysterosalpingography and those of hyster- 
oscopy. Therefore this retrospective study was made to 
compare the diagnostic value of each of these two tech- 
niques in view of the conflicting reports regarding 
which procedure has the advantage over the other. 
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The results of this study demonstrate that both hys- 
terosalpingography and hysteroscopy constitute valu- 
able methods in the investigation of infertility. Table II 
shows that there is no statistical difference in the diag- 
nosis of uterine abnormalities by either hysterosalpin- 
gography or hysteroscopy. The conflict between the re- 
sults of this study and those of others is probably due 
to difference in techniques and interpretations. Our pa- 
tients were thoroughly counseled regarding the details 
of hysterosalpingography to reduce tension that would 
have contributed to uterine spasm. It is known that con- 
trast material may induce localized uterine spasm that 
may resemble an intrauterine defect.’ This problem was 
avoided in this study by injecting the dye slowly but 
steadily without interruption until the procedure was 
completed. In contrast to many practices where hyster- 
osalpingography is performed and interpreted by ra- 
diologists, ours were performed or supervised and in- 
terpreted by the senior author (J. A. F.) in conjunction 
with a radiologist. All these precautionary measures 
might have contributed to the correct diagnosis ob- 
tained by hysterosalpingography in this study. 

Differential diagnosis of an intrauterine filling defect 
includes air bubbles, mucus, polyps, submucous fi- 
broids, intrauterine synechiae, a septum, and, rarely, 
asynchronous uterine contractions. Hysterosalpingog- 
raphy can easily detect these abnormalities and in the 
majority of cases reveals the nature of the intrauterine 
defects as shown in Table II. The few discrepancies 
between the diagnosis obtained by hysterosalpingog- 
raphy and those obtained by hysteroscopy are expected 
since hysterosalpingography localizes the defects while 
hysteroscopy makes them directly visualized. An av- 
erage hysteroscopist may confuse one type of intra- 
uterine defect with another. Endometrial fragmenta- 
tion or incomplete shedding can mimic synechiae. Ex- 
tra care must be taken to differentiate polyps from thick 
shaggy endometrium or from myomas. The polyp has 
a rounded, smooth free end, while thick strips of en- 
dometrium have a shredded appearance and can be 
easily dislodged by gentle strokes with the end of the 
hysteroscope. Myomas can be easily distinguished from 
polyps as the latter have gentle undulations as the pres- 
sure of the distending medium varies. 

It is obvious from this study that hysterosalpingog- 
raphy is very reliable in the diagnosis of uterine ab- 
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normalities. In addition to this diagnostic value, hys- 
terosalpingography does provide information about 
tubal patency or blockage. Another benefit of hystero- 
salpingography that most gynecologists must have ex- 
perienced is the therapeutic effect of hysterosalpin- 
gography.* 

Because hysterosalpingography is a much less inva- 
sive procedure than hysteroscopy and because of the 
valuable information it provides about the uterine cav- 
ity and tubes, hysterosalpingography should be man- 
datory in the evaluation of infertility and recurrent 
pregnancy loss. When an intrauterine abnormality is 
detected, it is obvious that the nature of the lesion 
should be identified by direct visualization and dealt 
with by operative hysteroscopy. If hysterosalpingog- 
raphy fails to demonstrate any intrauterine abnormal- 
ity, then hysteroscopy becomes a controversial issue. We 
believe that hysteroscopy should not be considered as 
a part of the routine infertility workup, but, after a 
complete infertility workup and when no apparent 
cause is found, laparoscopy combined with hysteros- 
copy is essential for the completion of the investigation. 
The yield of the combined approach in patients with 
unexplained infertility is high.° 
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*Fortaz is a registered trademark o` Glaxo inc. 
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ainst the B. fragilis group? 









The Bacteroides fragilis group includes B. fragilis, B. distasonis, B. ovatus, 
B. thetaiotaomicron, B. vulgatus. 

The percentages displayed are a weighted average of the susceptibilities 
reported for these“organisms at an MIC breakpoint of 16 mcg/mL 

by the Antibiotic MIC Susceptibility Reports, National Summary, in 

The Bacteriologic Report: Volume | 1986, Totowa, NJ, BAC-DATA® Medical 
Information Systems, Inc. This average was weighted by the frequency 

of isolation of each organism. ? 


NOTE: /n vitro activity does not necessarily imply in vivo effectiveness. 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics, 


MEFOXIN is not active in vitro against most strains of 
Pseudomonas aeruginosa and enterococci (e.g., Streptococcus 
faecalis) and many strains of Enterobacter cloacae. 
Methicillin-resistant staphylococci are almost uniformly resistant 
to MEFOXIN. 
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Mefoxin m (Cefoxitin Sodium |MSD) 
Indications and Usage: /reatment—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other. streptococci (excluding 
enterococci, e.g., Strep. faecalis), Staphylococcus aureus spel Nie and non-penicillinase 
producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 
Species. > 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E.. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P retigeri, and P vulgaris) and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing). aa 


INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 


E. coli, Klebsiella species, Bacteroides species including the 8. fragilis group,§ and Clostridium 


species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory disease, caused by £. coli, N. gonorrhoeae (penicillinase and non-penicillinase producirig), 


Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, . 


Peptostreptococcus species, and group B streptococci. 


SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Slaph. aureus (penicil- -. 


linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ | 

aa anh JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). : 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- : 


penicillinase producing), Staph. epidermidis, pier (excluding enterococci, eg. Strep. 
faecalis), E. coli, P mirabilis, Klebsiella species, ne D. fra 
group, Clostridium species, Peptococcus species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, therapy may be 
started while awaiting these results. Cefoxitin is not active én vitro against most strains of Pseu- 
domonas aeruginosa and enterococci {e.g., Strep. faecalis) and many strains of Enterobacter clo- 
acae. Methicilfin-resistant staphylococci are almost uniformly resistant to cefoxitin. 
podiralaticalons: Previous hypersensitivity to cefoxitin and the cephatosporin group of anti- 
iotics. 4 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
eae OR Hea DRUGS. GIVE WITH CATION TO PENICILLIN-SENSITIVE PATIENTS 


CS SHO a BE ORETTE WITHC abies TO ANY PATIENT WHO HAS DEM- 


Pseudamembranous colitis, from mild to life-threatening in severity, has been re- 


ported with virtually all antibiotics {including cephalosporins); therefore, itisim- - - 
portant to consider its diagnosis when diarrhea develops in association with 


antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is.a primary cause of antibiotic- 


feroides species including the gilis 


associated colitis. Mild cases may respond to drug discontinuance alone; in more severe cases, . 


management may include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein su P ementation, and use of a drug such as oral vancomycin; isolation of the patient 
may be advisabie. Other causes of colitis should also be considered.. `- 


Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary gut- - 
put due to renal insufficiency because high and prolonged serum antibiotic concentralions can + 


occur from usual doses. Prescribe with caution in prer: with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 


repeated evaluation of the patient's condition is essential. If superinfection occurs, take appropri- . 


ale Measures. 


Drug interactions—\ncreased nephrotoxicity has been reported following concomitant adminis- i 


tration of cephalosporins and nde? Notte antibiotics. f 
ey est interactions—High concentrations (> 100 meg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false iñ- 
creases of modest degree in creatinine levels reported; serum samples should not be analyzed for 
' Creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary Cy ouri asaro by the Porter-Silber reaction and 
produce false increases of modest degree in 
in urine has been observed with CLINITEST } reagent tablets. 


Carcinogenesis, Mutagenesis, Fertility impairment—No long-term animal study has been per- 


evels reported. A false-positive reaction for glucose < 


formed on carcinogenic of mutagenic potential: Rat studies at ii ormating, three times maxi- - 


mum recommended human dosage revealed no effects on fertility or mama ability. 
Pregnancy Calegory B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, allough feta! weighis were slightly decreased. in rabbits, cefoxitin was associated 


with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 


however, no adequate and well-controlled studies in pregnant women, Because animal reproduc- . | 


- tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. i : f 
Nursing Mothers—Excreted in human miik: Exercise caution. 


Pediatric Use—Salety and efficacy in infants from birth to three months have not yet been estab- - | 


lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Local Reaclions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. Allergic Reactions—Rash (including exfoliative 


© 


dermatitis), pruritus, eosinophilia, fever and other allergic reactions including anaphylaxis. Car- - 


diovascular—Hypotension. Gasirointestinai—Diarrhea, including documented pseudomempbra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blo osinophilia, 
leukopenia including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
GPT, serum LDH, and serum alkaline phosphatase. Renal Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acule renal failure. : 
Note: in group A ee o therapy should be.maintained for at 
least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. intramuscular injections shouid be well within the body of a relatively large muscle 
. suchas the uppe outer quadrant of the buttock (Le gluteus maximus}; aspiration is necessary to 
avoid inadvertent injection into a blood vessel. The total daily dosage In infants and children 
should not exceed 12 grams. : 
. How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 1 gram or 2 
grams ceioxitin equivalent and in een bulk bottles, and in ADD-Vantage®* vials containing 1 
gram or 2 grams cefoxitin equivalen 


§ B, fragilis, B. distasonis, B. ovatus, B. thelaiotaomicron, B. vulgatis 
Il Registered trademark of Ames Company, Division of Mites Laboratories, Inc. 


tRegistered trademark of Abbott Laboratories, Inc. ERCK: 
For more detailed information, consult ee MSD Representative Me AR 
or see Prescribing Information. Merck Sharp & Dohme, SHARPS 
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New 8th Edition! 
OBSTETRICS AND 
GYNECOLOGY 


Edited by J. Robert Willson, M.D. and Elsie Reid 


_ Carrington, M.D.; Associate Editors Russell K. Laros, 


Jr, M.D; William J. Ledger, M.D.; and John H. Mattox, 
M.D.; with 4 contributors. i 


<n a review of the 7th edition, JAMA said that it “main-. 


tains excellence especially in general obstetrics” and 


“fulfills its purpose as a useful text for various levels of 
- Students of obstetrics and gynecology.’ This new edi- 


tion, with the addition of two new editors, continues the 
tradition! Emphasis is on treatment of the “total 
woman,’ following the normal life-cycle—birth through 
pregnancy. l 

e easy-to-read format facilitates Board review 

e anew chapter on androgen disorders 


-@ infertility, endocrinology and endometriosis 


e ectopic pregnancy, abortion and infectious disease 
e radiologic studies in pregnant women 
April, 1987. Approx. 768 pages, 562 illustrations. (Boo 
Code: 05650) About $44.95 (U.S.); $62.25 (Can.) 

In a hurry to order? "i 
Call FREE 800-221-7700, ext. 15A. 

Our hotline is open 24 hours a RA 
MOSSY 


day, 7 days a week. In Canada | 
call. 416-298-1588. TAES MAGN 








AMS-970-031 





Yes! Send my 30-day on-approval copy of: | 
Willson’s OBSTETRICS AND GYNECOLOGY (05650) about 
$44.95 (US.); $62.25 (Can.) 
Save money! Enclose payment with your order or charge It to your 
credit card. Mosby will pick up the tab for shipping and handling. 

C Payment enclosed l 

Charge my credit card: [] MasterCard © VISA 


Cad ie cn ro ri oe oo daté 
Signature 


_ Business phone ( 


en ey 
C Bill me, plus shipping and handiing. 
Name l 
Address 


. City 
` State l zip 


[ Add me to your mailing list. (No purchase necessary) 

Specialty i 

To properly process Purchase Orders and for rore personal service, mall this coupon to: 
Dennis Carson, The CV. Mosby Company, 11830 Wastline Industrial Drive, St. Louis, MO 63146. 


30-day approval good Ir U.S. and Canada. Outside U.S. and Canada, please pay in dollar 
equivalent. ALL PRICES SUBJECT TO CHANGE. Add applicable sales tax. 


AMS-970-031-03 
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generation 
of estrogen 

replacement 
therapy... 


transdermal 
delivery 
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estradiol transdermal syster 


Combines the advantages 
of transdermal delivery... 


A specially designed 
transdermal delivery 
system 


Providing the natural ovarian estroge 
(17-beta estradiol) directly to the 
bloodstream and target organs; with 
no first-pass liver metabolism, perm! 
use of extremely low dosage 





Effectively controls 
estrogen deficiency 
symptoms 

Steady-state relief of hot flashes, oth 


menopausal symptoms associated wi 
hot flashes, and vaginal discomfort 


Well tolerated 


Very low incidence of systemic side 
effects...few local problems of 
consequence 


Easy to use; 
transdermal delivery 
preferred 3:1 by 
patients over 
tablets’ 


Usual starting dose: a 0.05-mg syste 
changed twice weekly 





CIBA 


ith the benefits of 
strogen replacement 





stores and maintains premenopausal 


tradiol serum levels 


tores estradiol levels to near-normal premenopausal ranges 
chieves a physiologic 1:1 ratio of estradiol to estrone 


Mean serum levels of estradiol during continuous 


Mean serum level (pg/ml) 





CHANGE PATCH —> @ ® @ dé E 
Week 1 Week 2 





lable in dose-reminder calendar packs of eight References: 
hes— 0.05 mag/O.1 mg 1. Data on file, CIBA Pharmaceutical Company. 


2. Powers MS, et al: Pharmacokinetics and pharmacodynamics of transdermal dos- 
age forms of 17 B-estradiol: Comparison with conventional oral estrogens used 
for hormone replacement. Am J Obstet Gynecol 1985; 152:1099-—1106. 
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ing today’s women live healthier lives for Brief Summary of Prescribing Information. 


ESTRADERM 


estradiol transdermal system 


Continuous delivery for twice-weekly application. 
BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
PLEASE SEE FULL PRESCRIBING INFORMATION. 


hots HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL 

Three independent case control studies have reported an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for more than 1 year. This risk was 
independent of the other known risk factors for endometrial cancer. These studies are further 
supported by the finding that incidence rates of endometrial cancer have increased sharply since 
1969 in eight different areas of the United States with population-based cancer-reporting systems, 
an increase which may be related to the rapidly expanding use of estrogens during the last decade. 

The three case control studies reported that the risk of endometrial cancer in estrogen users was 
about 4.5-13.9 times greater than in nonusers. The risk appears to depend both on duration of 
treatment and on estrogen dose. In view of these findings, when estrogens are used for the 
treatment of menopausal symptoms, the lowest dose that will contro! symptoms should be utilized 
and medication should be discontinued as soon as possible. When prolonged treatment is medically 
indicated, the patient should be reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered preliminary, one study suggests that 
cyclic administration of low doses of estrogen may carry less risk than continuous administration: it 
therefore appears prudent to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is important. In all cases of undiagnosed 
persistent or recurring abnormal vaginal bleeding, adequate diagnostic measures should be under- 
taken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more or less hazardous than 
“synthetic” estrogens at equiestrogenic doses. 

ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 

The use of female sex hormones, both estrogens and progestogens, during early pregnancy may 
seriously damage the offspring. It has been shown that women who had been exposed in utero to 
diethylstilbestrol, a nonsteroidal estrogen. have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated as not greater 
than four per 1000 exposures. Furthermore, a high percentage of such exposed women (30-90%) 
have been found to have vaginal adenosis, epithelial changes of the vagina and cervix. Although these 
changes are histologically benign, it is not Known whether they are precursors of malignancy. 
Although similar data on the use of other estrogens are not available, it cannot be presumed they 
would not induce similar changes. 

Several reports suggest an association between intrauterine exposure to female sex hormones 
and congenital anomalies, including congenital heart defects and limb-reduction defects. One case 
control study estimated a 4.7-fold increased risk of limb-reduction defects in infants who had been 
exposed in utero to sex hormones (oral contraceptives, hormone withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some of these exposures were very short and 
involved only a few days of treatment. The data suggest that the risk of limb-reduction defects in 
exposed fetuses is somewhat less than one per 1000. 

In the past. female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for 
these indications, and there is no evidence from well-controlled studies that progestogens are 
effective for these uses. 

If Estraderm is used during pregnancy. or if the patient becomes pregnant while taking this drug. 
she should be apprised of the potential risks to the fetus and of the advisability of continuation of the 
pregnancy. 





INDICATIONS AND USAGE 

Estraderm is indicated for the treatment of the following: moderate-to-severe vasomotor symptoms 
associated with menopause: female hypogonadism: female castration; primary ovarian failure; and atro- 
phic conditions caused by deficient endogenous estrogen production, such as atrophic vaginitis and 
kraurosis vulvae. 

Studies of the addition of a progestin for seven or more days of a cycle of estrogen administration have 
reported a lowered incidence of endometrial hyperplasia. Morphological and biochemical! studies of 
endometrium suggest that 12 to 13 days of progestin are needed to provide maximal maturation of the 
endometrium and to eliminate any hyperplastic changes. Whether this will provide protection from 
endometrial carcinoma has not been clearly established. There are possible additional risks that may be 
associated with the inclusion of progestin in estrogen replacement regimens. The potential risks include 
adverse effects on carbohydrate and lipid metabolism. The choice of progestin and dosage may be 
important in minimizing these adverse effects. 


CONTRAINDICATIONS 
Estrogens should not be used in women or men with any of the following conditions: 
1. known or suspected cancer of the breast: 
2. known or suspected estrogen-dependent neoplasia; 
3. Known or suspected pregnancy (see Boxed Warning): 
4. undiagnosed abnormal genital bleeding: 
5. active thrombophlebitis or thromboembolic disorders; 
6. history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use. 


WARNINGS 

1. Induction of Malignant Neoplasms. Long-term continuous administration of natural and synthetic 
estr in certain animal species increases the frequency of carcinomas of the breast. cervix, vagina, and 
liver. There are now reports that estrogens increase the risk of carcinoma of the endometrium in humans. 
(See Boxed Warning.) 

At the present time, there is no satisfactory evidence that estrogens given to postmenopausal women 
increase the risk of breast cancer, although a recent long-term follow-up of a single physician's practice has 
raised this possibility. Because of the animal data, there is a need for caution in prescribing estrogens for 
women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease, or 
abnormal mammograms. 

2. Gallbladder Disease. A recent study has reported a two- to threefold increase in the risk of surgically 
confirmed gallbladder disease in postmenopausal women receiving oral estrogens, similar to the twofold 


which have not. up to now, been documented as consequences of postmenopausa! estrogen replacement 
therapy. This may reflect the comparatively low doses of estrogen used in postmenopausal women. 

a. Thromboembolic_Disease. It is now well established that users of oral contraceptives have an 
increased risk of various thromboembolic and thrombotic vascular diseases, such as thrombophlebitis, 
pulmonary embolism, stroke, and myocardial infarction. Cases of retinal thrombosis, mesenteric throm- 
bosis, and optic neuritis have been reported in oral contraceptive users. There is evidence that the risk of 
several of these adverse reactions is related to the dose of the drug. An increased risk of postsurgery 
thromboembolic complications has also been reported in users of oral contraceptives. If feasible. estrogen 
should be discontinued at least four weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. 


While an increased rate of thromboembolic and thrombotic disease in postmenopausal users of 
estrogens has not been found, this does not rule out the possibility that such an increase may be present or 
that subgroups of women who have underlying risk factors or who are receiving relatively large doses of 
estrogens may have increased risk. Therefore, estrogens should not be used in persons with active 
thrombophlebitis or thromboembolic disorders, and they should not be used in persons with a history of 
such disorders in association with estrogen use. They should be used with caution in patients with cerebral 
vascular or coronary artery disease and only for those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day). comparable to those used to treat cancer 
of the prostate and breast, have been shown in a large prospective clinical trial in men to increase the risk 
of nonfatal myocardial infarction, pulmonary embolism. and thrombophlebitis. When estrogen doses of 
this size are used, any of the thromboembolic and thrombotic adverse effects associated with oral 
contraceptive use should be considered a Clear risk. 

b. Hepatic Adenoma. Benign hepatic adenomas have been associated with the use of oral contracep- 
tives. Althougn benign and rare, these tumors may rupture and cause death from intra-abdominal 
hemorrhage. Such lesions have not yet been reported in association with other estrogen or progestogen 
preparations, but they should be considered if abdominal pain and tenderness, abdominal mass, or 
hypovolemic shock occurs in patients receiving estrogen. Hepatocellular carcinoma has also been reported 
in women taking estrogen-containing oral contraceptives. The causal relationship of this malignancy to 
these drugs is not Known. 

c. Elevated Blood Pressure. Women using oral contraceptives sometimes experience increased blood 
pressure which, in most cases, returns to normal upon discontinuing the drug. There is now a report that 
this may occur with use of oral estrogens in the menopause and blood pressure should be monitored with 
estrogen use, especially if high doses are used. Ethinyl estradiol and conjugated estrogens have been 
shown to increase renin substrate. In contrast to these oral estrogens. transdermally administered 
estradiol does not affect renin substrate. 

d. Glucose Tolerance. A worsening of glucose tolerance has been observed in a significant percentage of 
patients on estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
observed while receiving estrogen. 

4. Hypercalcemia, Administration of high coses of estrogens may lead to severe hypercalcemia in 
patients with breast cancer and bone metastases. If hypercalcemia occurs, use of the drug should be 
stopped and appropriate measures should be taken to reduce the serum calcium level. 


PRECAUTIONS 
General 


1. Acomplete medical and family history should be taken before initiation of any estrogen therapy. The 
pretreatment and periodic physical examinations should include special reference to blood pressure, 
breasts, abdomen, and pelvic organs. as well as a cervica! Papanicolaou test. As a general rule, estrogen 
should not be prescribed for longer than one year without another physical examination being performed. 

2. Because estrogens may cause some degree of fluid retention, careful observation is required when 
conditions that might be influenced by this factor are present (e.g.. asthma, epilepsy, migraine, and cardiac 
or renal dysfunction). 

3. Certain patients may develop undesirable manifestations of excessive estrogenic stimulation, such as 
uterine bleeding, mastodynia, etc. 

4. Prolonged administration of unopposed estrogen therapy has been reported to increase the risk of 
endometrial hyperplasia in some patients. Estrogens should be used with caution in patients who have or 
have had endometriosis. 

5. Oral contraceptives appear to be associated with an increased incidence of mental depression. 
Although it is not clear whether this is due to the estrogenic or progestogenic component of the 
contraceptive, patients with a history of depression should be carefully observed. 

6. Preexisting uterine leiomyomata may increase in size during prolonged estrogen use. If this occurs, 
estrogen therapy should be discontinued while the cause is investigated. 

7. In patients with a history of jaundice during pregnancy. there is an increased risk that jaundice will 
recur with the use of estrogen-containing oral contraceptives. If jaundice develops in any patient receiving 
estrogen, the medication should be discontinued while the cause is investigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver function and should be 
administered with caution in such patients. 

9. Because the prolonged use of estrogens influences the metabolism of calcium and phosphorus. 
estrogens should be used with caution in patients with metabolic bone diseases associated with hypercal- 
cemia and in patients with renal insufficiency. 


Drug/Laboratory Test Interactions 
The results of certain endocrine and liver function tests may be affected by estrogen-containing oral 
contraceptives. The following changes have been observed with large doses of oral estrogen: 

1. increased sulfobromophthalein retention: 

2. increased prothrombin time: increased factors VII. VIN. IX, and X; decreased antithrombin 3; 
increased norepinephrine-induced platelet aggregability: 

3. increased thyroxine-binding globulin (TBG). leading to increased circulating total thyroid hormone 
(T4) as measured by column or radioimmunoassay; free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered: TBG was not affected in clinical trials of Estraderm: 

4. reduced response to the metyrapone test; 

5. reduced serum folate concentration: 

6. increased serum triglyceride and phospholipid concentration, and decreased pregnanediol excretion. 

The pathologist should be informed that the patient is receiving estrogen therapy when relevant 

specimens are submitted. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

See WARNINGS and Boxed Warning. l 
Long-term continuous administration of natural and synthetic estrogens in certain animal species 

increases the frequency of carcinomas of the breast, cervix, vagina, and liver. 


Pregna nteger X 
See CONTRAINDI TIONS and Boxed Warning. 
Estrogens should not be used during pregnancy. 


Nursing Mothers 
As a general principle, the administration of any drug to nursing mothers should be done only when clearly 
necessary since many drugs are excreted in human milk. 


ADVERSE REACTIONS 

See WARNINGS and Boxed Warning regarding potential adverse effects on the fetus, induction of 
malignant neoplasms, increased incidence of gallbladder disease, and adverse effects similar to those of 
oral contraceptives, including thromboembolism. 

The most commonly reported adverse reaction to Estraderm in clinical trials was redness and irritation 
at the application site. This occurred in about 17% of the women treated and caused approximately 2% to 
discontinue therapy. 

The following additional adverse reactions have been reported with estrogenic therapy, including oral 
contraceptives: E 

Genitourinary System: Breakthrough bleeding. spotting, change in menstrual flow: increase in size of 
uterine fibromyomata:; change in cervical erosion and amount of cervical secretion. 

Endocrine: Breast tenderness, breast enlargement. 

Gastrointestinal: Nausea, vomiting; abdominal cramps, bloating: cholestatic jaundice have been ob- 
served with oral estrogen therapy. 

Eyes: Steepening of corneal curvature; intolerance to contact lenses. 

Central Nervous System: Headache, migraine. dizziness. 

Miscellaneous: Change in weight, edema, change in libido. 


Do not store above 86°F (30°C). 
Do not store unpouched. Apply immediately upon removal from the protective pouch. 
CAUTION: Federal law prohibits dispensing without prescription. 


CIE A 


CIBA Pharmaceutical Company. Division of CIBA-GEIGY Corporation 
Summit. New Jersey 07901 


© 1986, CIBA. 109-2778-A 2 C86-55 (Rev. 12/86) 







administration of clonidine 


Galveston, Texas 


A randomized prospective double-blind study was performed to evaluate the efficacy of a transdermal 
therapeutic system delivering clonidine in the treatment of menopausal hot flashes. Frequency, severity 
and duration of the flushing attacks before and during the 8-week treatment period were evaluated. The 
reduction in the number of hot flashes was highly significant in patients receiving the clonidine transdermal 
_ therapeutic system. On subjective comparison of flushing attacks before and during treatment, of the 15 
<< patients who received the clonidine transdermal therapeutic system, 80% reported fewer hot flashes; 73% 
a decrease in severity; and 67% a decrease in duration. Among the 14 patients who were treated with 
=. placebo only, 36% reported fewer hot flashes; 29% a decrease in severity; and 21%, shorter duration 
. (frequency, p < 0.04; severity, p < 0.04; and duration, p < 0.03). Reported side effects were minimal, and 
no significant effect was observed on blood pressure or pulse rate. Transdermal clonidine therapy had no 
effect on the pulsatile luteinizing hormone secretion. (Am J Opstet Gynecot 1987;156:561-5.} 
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Hot flashes are the most annoying symptoms of 


= menopause. They are experienced by 75% to 85% of 
- women going through natural menopause and 37% of 
-premenopausal women undergoing oophorectomy." ? 
Estrogen replacement therapy is the most effective 
rm of treatment for relief of menopausal hot flashes. 
However, when the patient has contraindications to es- 
trogen, alternate forms of therapy become essential. 
- Even though the exact pathophysiologic mechanism of 
hot flashes is not known, it has been speculated that it 
is related to catecholamine excess, since similar symp- 
toms are observed in conditions such as pheochromo- 
_ cytoma that are accompanied by catecholamine excess.” 
= Casper et al,* however, measured plasma concentra- 
„tons of catecholamines during episodes of hot flashes 
¿zand found no such increase and concluded that an 
excess of central adrenergic activity is probably re- 
_ sponsible for the onset of a hot flash. Clonidine, an 
a-adrenergic agonist, when given orally, has been 
shown to reduce the frequency of hot flashes.” ° 
The present study was undertaken to evaluate the 
_ effectiveness of clot nidine when given by a transdermal 
- therapeutic system in the treatment of menopausal hot 
flashes. 
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Material and methods 


Thirty women, six who had undergone spontaneous 
menopause and 24 who had undergone surgical re- 
moval of the ovaries, were included in the study. The =- 
mean age of the patients was 41 years (range 25 to 58 5 
years). The frequency of hot flash episodes ranged 
from 10 to 100 per week. All the patients had stopped Ca 
estrogen or any other treatment for hot flashes at least 
30 days before inclusion in the study. Patients: 
history of previous treatment with oral clonidin e 
history of hepatic, cardiac, or renal disease or- skir 
eases of any kind were excluded from the study. 1 : 
study was conducted in a double-blind fashion. Th = 
patients were assigned prospectively to receive. either a 
the clonidine transdermal therapeutic system (Dixarit- Mag he 
TTS) or placebo. The placebo and clonidine systems TE. 
were alike in appearance and neither the physician noro 
the patient knew who was receiving the therapeutic ee 
agent. The systems were provided by Boeringer In- 
gelheim, Ltd., Ridgefield, Connecticut. The transder- 
mal therapeutic system has the appearance of a : 
(3.5 cm?) adhesive bandage. It is composed of a 
layer film, 0.2 mm thick, consisting of a backing l 
of pigmented polyester film, a drug reservoir of í 
idine, a microporous polypropylene membran 
controls the rate of delivery, and a layer of ad 
formulation of clonidine. Before use, a re 


moved. After -> a the system to ‘the 
skin, clonidine in the adhesive layer saturates th 
sites below the system. Clonidine from the drug Se 
ervoir then begins to flow through the rate-controlling k 
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membrane and the adhesive layer of the system. The 
agent i is absorbed from the devise through the skin, at 
an rate of 0.1 mg/day, and is designed to maintain 
steady-state plasma levels of clonidine for 7 days. 

“The systems were applied to the upper outer arm 
an d were changed once a week. The patients partici- 
pated i in the study for 10 weeks, 2 weeks without treat- 
ment to obtain baseline values and 8 weeks with treat- 
‘ment. Each patient kept a diary and recorded the oc- 
currence of hot flashes and the side effects of treatment 
-during the treatment period. During their visits and at 
os the end of the study, the patients were questioned about 
the frequency, severity, and duration of hot flashes. 
: Evaluation by the patients of the severity and duration 
= of hot flashes during treatment was purely subjective 
and no ‘method of quantification was used. The patients 
were seen at weekly intervals and the blood pressure 
and pulse rate were recorded at each visit. The trans- 
dermal therapeutic system was also changed at these 





Fifteen: patients received the clonidine transdermal 
erapeutic system and 15, placebo. One of the patients 
ing placebo had dropped out after 2 weeks of 
atment and this patient was excluded from statistical 
analysis. 

i Hormone analysis. Two of the patients who com- 
yleted the study and had complete elimination of hot 
` flashes: with clonidine transdermal therapeutic system 
< treatment were. ‘subsequently studied with frequent 
sampling of blood for measurement of luteinizing hor- 
: -mone levels. Samples of blood were obtained at 15- 
minute intervals during a 6-hour period without treat- 
s ment when these ‘Patient experienced 88 and 76 hot 
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‘Table II. Subjective evaluation by patients of frequency, severity, and duration of hot flashes 


Severity Duration 


Placebo 


) 3 
10 5 li 


flashes per week, respectively, and 2 weeks after ap- 
plication of the clonidine transdermal therapeutic sys- 
tem when they had no hot flashes. The luteinizing 
hormone levels were measured by double-antibody ra- 
dioimmunoassay with the materials supplied by the 
hormone distribution program of the National Institute 
of Arthritis, Metabolism, and Digestive Diseases and 
the results are expressed as milli—International Units, 
with reference to the second international preparation 
of human menopausal gonadotropins. 

Statistical analysis was done by the x? method. The 
mean numbers of hot flashes before and during treat- 
ment were compared by two-way analysis of variance. 


Results 

The mean number of hot flashes before and during 
treatment in patients receiving clonidine and placebo — 
are shown in Table I. Even though there was some 
decrease in the number of hot flashes in women treated g 
with placebo, the reduction in the number of hot flashes 
was highly significant in patients receiving clonidine. 
The number of hot flashes recorded asa baseline before 
treatment was compared with the number recorded f 
each week during the study. The- mean decrease for 
each week, relative to the baseline, i is shown in Fig. i 
On subjective comparison. of flushing attacks before 
and during treatment, 12 of 15. patients (80%) who 
were receiving the. clonidine transdermal therapeutic 
system reported a a reduction in the frequency of hot 
flashes during treatment while only five of 14 patients 
(36%) receiving placebo reporte ) 
Table H) Of the 12 patient 
reported a decrease in the num 
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were completely without hot flashes at the end of 8 
weeks and the other eight had a reduction in the num- 
<> ber of hot flashes of <60%. Eleven of 15 patients (73%) 
ho were receiving the clonidine transdermal thera- 
eutic system reported a decrease in the severity of hot 
ashes while only four of 14 patients receiving placebo 








- flushing attacks decreased in 10 of 15 patients who 
received clonidine (67%) but in only three of 14 patients 
who received placebo (p < 0.03). Side effects were min- 
imal and of the same character for both groups. Tran- 
sient local skin reactions (erythema and/or itching) were 
observed in four patients using the clonidine transder- 

| mal therapeutic system and three receiving placebo. 
None of the patients receiving the clonidine transder- 
-mal therapeutic system complained of dryness of the 
mouth or drowsiness, which are the common side ef- 
fects reported with oral clonidine therapy.’ There were 
‘no significant changes in the blood pressure or pulse 
rate during the study period. 
Even though clonidine abolished the hot flashes, it 
did not abolish the pulsatile secretion of luteinizing 
hormone. Luteinizing hormone pulses (increment 
from nadir to peak of >20%) were present during 
treatment with the clonidine transdermal therapeutic 
system and the number of luteinizing hormone pulses 
_ observed during the 6-hour period during treatment 
was about the same as that before treatment (Fig. 2). 
-Coefficient of variation of luteinizing hormone levels 
during the 6-hour period during treatment with clon- 
idine was similar to that before treatment (14% before 
and 19% during treatment in Patient No. I and 22% 
before and 23% during treatment in Patient No. 2). 









Comment 


Clonidine is an imidazoline derivative that has been 
available in an oral form for treatment of hypertension 
since 1974. An oral preparation of clonidine has also 

=o been used in the treatment of hot flashes.’ * The dosage 
. that was used in these studies for the treatment of 
oe ‘menopausal flushing i is lower than that used for hy- 
pertension. Inthe present study clonidine administered 
: ansdermally was effective in reducing the incidence, 
severity, and duration of hot flashes. Possible advan- 









(9%) reported a decrease (p < 0.04). The duration of 






























tages of transdermal therapeutic system therapy over 
the oral treatment includes: (1) its effectiveness for 7 l 
days after application, since once-a-week application i is 
more convenient to the patient, and (2) its reduced dr ug 
input into the body. a 
All previous studies on clonidine for treatment: of | 
menopausal hot flashes have been with oral therapy: 7 
Clayden et al. in a multicenter, placebo-controlled, 
double-blind crossover study, observed that clonidine 
had a statistically high significant effect in controlling — 
menopausal hot flashes. Edington et al.,° in a similar 
study, reported that clonidine significantly reduced the 
frequency of hot flashes even though the placebo effect. he 
was substantial. In a study restricted to patients who 
had undergone surgical castration. Ylikorkala’ deter- 
mined that clonidine significantly dimished the fre- 
quency of hot flashes. Schindler et al.’ observed a sig- 
nificant decrease in the number of hot flashes with don- a 
idine administered orally at a dosage of 150 pe daily. oe 
In contrast to these reports, Salmi and Punnonen” re x 
ported that the effect of clonidine was not significantly n 
different from that of the placebo. Lack of effectiven 
in this study could have been due to a dose of <10 
ug used by some of the patients in the study. Bolli an 
Simpson" performed a double-blind study in “post : 
menopausal women who were being treated with clon- 
idine for hypertension and determined that clonidine ae 
at a dosage of 150 pg daily significantly reduced the 
menopausal flushing when compared with placebo, 2. 
while at a dose of 75 pg daily the effect was not greater z 
than that of placebo. The dosage that was delivered by _ 
the clonidine transdermal therapeutic system in our 
present study was 100 pg daily. The placebo effect tha a 
was observed in the present study and the previous ` 
studies with oral clonidine therapy indicates that emo Ae 
tional and psychological influences accompany ihe; 
physiologic changes of menopause. T : 
Hot flashes have been demonstrated to precede | pul 
satile release of luteinizing hormone from the 
itary.‘ The theoretical basis for the use of clonidin ro 
treatment of hot flashes lies in the assumption 
symptoms are triggered by a hypothalamic m 
that is involved with the pulsatile. release of 
tropin-releasing hormone. 7 Although the exac me 
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nism by which clonidine relieves hot flashes is not 
known, the effect of clonidine on hot flashes appears 
be determined centrally since the hot Hashes were 
nated without any change in the pulsatile secretion 
uteinizing hormone. Tulandi et al. observed no 
ch ges i in the number of luteinizing hormone pulses 
he total luteinizing hormone secretion after intra- 
venous: clonidine administration. Schindler et al.* re- 
por dno changes i in plasma estradiol, luteinizing hor- 
mone, follicle-stimulating hormone or prolactin levels 
n menopausal women receiving oral clonidine for 
eatment of hot flashes. In earlier studies in animals, 
Jonidine was found to reduce the peripheral vascular 
"responsiveness to vasodilator and vasconstrictor stim- 
saii Reduction of peripheral vascular reactivity 
“might be. one of the mechanisms by which clonidine 
relieves hot flashes. oo A 
: an t summary, donidine ransdermal therapeutic sys- 


















Clonidine ~ 





fh Placebo d 


Pa 


Weeks 





Fig. 2. Serum luteinizing hormone (LH) concentrations in a menopausal patient before (a). and - 
during (b) treatment with the clonidine transdermal therapeutic system. Arrows indicate onset of hot 


tem therapy would be ideal for symptomatic treatment 
of hot flashes in postmenopausal women who have con- 
traindications to estrogen replacement therapy. Since 
the transdermal therapeutic system is effective for 7 
days, once-a-week application is more convenient to the 
patient. | 
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a Vaginal birth after two or more previous cesarean sections 





"Elizabeth Schneider, M.D., and John Biordi, M.D. 
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The recommendation from the American College of Obstetricians and Gynecologists is to allow vaginal 
delivery after one cesarean section. This report is an update of our experience of 57 women with two or 
more cesarean sections who were allowed to labor. (AM J Osster Gyneco 1987;156:565-6.) 
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. . Recently, the American College of Obstetricians and 
Gynecologists recommended that women with one pre- 
= vious cesarean section be allowed a trial of labor. One 

of the exclusions to this recommendation was women 
with more than one previous cesarean section. Presum- 
ably this recommendation was based on the belief that 
there were not sufficient data to make such a prescrip- 
tion. Unfortunately, there is also no data base to suggest 
that repeat cesarean section is necessary in these 
women. This report updates our continuing experience 
with allowing women to labor after more than one pre- 
vious cesarean section. 





Material and methods 

Women in this report were cared for at the Bronx 
Municipal Hospital of the Albert Einstein College of 
Medicine and the Winthrop-University Hospital. It has 
been our policy since 1978 to offer a trial of labor to 
all women with previous cesarean section unless there 
was a medical or obstetric complication that contrain- 
dicated labor.’ We considered a vertical uterine incision 
to be a contraindication. There were 57 women who 
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Table I. Outcomes in women with more than 
two previous cesarean sections related to 
primary indication 


Cesarean section pire Cesarean $e oy 
Primary indication 


Dystocia if 16 

Malpresentation | 10 

Abruptio placentae, — 4 
toxemia, twins 

Fetal distress 2 6 

Uncertain 3 8 


Total 13 44 





In the study group n= 
birth, 44 (77%). 


121: no labor, 64; labor, 57; vagin 


experienced at least 4 hours of labor (39 with two < and: 
18 with three previous Cesarean sections). For evalt 
tion of comparative morbidity we selected 64 wor 
during the same time period who had repeat operation 
without labor. 


Results : 

Table I summarizes the outcomes in relationshiy | 
the primary indication. Forty-four or 77% of dl 
given a trial of labor were successfully delivere 
finding was not affected by the primary indi 
the first cesarean section. There were no 
neonatal weight among t the three e grou 




























perinatal morbidity. Oxytocin was used 
10usly in five women, the indications being ar- 
, labor and premature rupture of the membranes. 
erine s scar defect was noted in one woman who was 
‘ red vaginally. There were no observable prob- 
associated with this silent dehiscence. There was 
i ebrile morbidity in the vaginal delivery group. 
e were three women who became febrile when 
there was labor with subsequent cesarean section or 
hen cesarean section was done electively. Eighty per- 
cent of the women undergoing cesarean section re- 
ceived antibiotics, but none who were delivered vagi- 
nally did so. The average length of hospital stay was 3 
days for vaginal births and 6 days with cesarean section. 

















‘Comment 


‘This report adds modest numbers to those already 
reported, which seem to indicate that labor is safe after 
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more ihano one cesarean § sec non. H 
is risk in allowing labor, it must be small 


than that associated with repeat cesarean sectic n We | 


hope that others will also give women the opportunity 
to labor under the safety guidelines recommended by 
the ACOG so that large enough numbers can be 
achieved to demonstrate the safety or danger of this 
approach. 
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high-risk obstetric hospitalization 


In 1975, a group of investigators at Yale University 
developed an innovative approach to reimbursement 

_ for hospitalization, termed diagnosis-related groups 
~ o (DRGs).'* Basically, they proposed a prospective pric- 
ing system of hospital charges, rather than the tradi- 
- tional retrospective pricing system in which hospital 
charges are calculated by totaling daily room charges 
plus specific goods and services consumed. Later 
adopted by the State of New Jersey, this prospective 
pricing system made provision for a fixed amount per 
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>rospective pricing system by diagnosis-related groups: iS 
Comparison of federal diagnosis-related groups with high-risk i 


: _ Of 468 diagnosis-related groups identified by the federal government for Medicaid reimbursement, 15 are 

. x ‘related to obstetric hospital care. Each diagnosis-related group is considered a distinct group in which 

~ Gases are homogeneous with respect to resource consumption. Because the diagnosis-related group 

` system is based primarily on data from community and secondary care hospitals, it does not differentiate 

sufficiently among high-risk obstetric patients seen at tertiary care institutions, such as Florida’s Regional 
Perinatal intensive Care Centers. We developed an alternative scheme for diagnosis-related groups. called 
obstetric care groups, using the federal diagnosis-related groups as the model from which to depart. Data 
collected for 4192 women during a 2‘2-year period indicate that obstetric care groups provide more 
homogeneous groups than diagnosis-related groups for our population of high-risk patients. The obstetric 
care groups differentiate between no complications, one complication, and two or more complications, 
while the diagnosis-related groups differentiate only between no complications and one or more 
complications. Also, complications for obstetric care groups are based on only 19 diagnoses that 

_.. contribute significantly to resource consumption, while the list of possible complications exceeds 200 for 

<> diagnosis-related groups. Although the obstetric care group classification system is simpler than that for 

iagnosis-related groups, it results in a more accurate reimbursement of hospitalization charges for 

‘high-risk obstetric care. (Am J Oastet GynecoL 1987;156:567-73.) 














discharge, based primarily on the patient’s diagnosis, 
not on the number of days hospitalized and service 
utilized.» Each DRG was considered a distinct group i 
which cases were homogeneous with respect to resquree’ 
consumption.* ° ee 
At the federal level, the Health Care Financing Aa: - 
ministration adopted DRGs for Medicare reimburse- 
ment in 1983, stating that this prospective pricing sys- 
tem would help establish the federal government. asa 
“prudent buyer” of hospital services.® Peer review, they E 
maintained, would continue to ensure appropriateness = 
of admissions and discharges and overall quality of —_ 
care. Under the traditional method of reimbursement, oe 
there were few or no restrictions placed on cost of care,” : 
In contrast, the new prospective pricing system would | 
reimburse a standard payment for an “average” patient. 
in a given DRG category, regardless of actual cost 
curred. The rationale was that all patients withi 
same DRG classification could be expected to h ave 
ilar medical requirements; therefore hospit g 
losses would average out, so that in the lo: 
pital costs would equal reimbursements.* sT 










| . Federal obstetric DRGs 


Diagnosis 


Cesarean section with complications 
Cesarean section without complications 
Vaginal delivery with complications 
Vaginal delivery without complications 


and/or dilatation and curettage 


tion and curettage 
Postpartum diagnosis without operation 
Postpartum diagnosis with surgery 
Ectopic pregnancy 
Threatened abortion 
Abortion without dilatation and curettage 
Abortion with dilatation and curettage 
False labor 
Other antepartum diagnosis with complications 











Vaginal delivery without complications, but with sterilization 


Vaginal delivery with surgery except sterilization or dilata- 


Other antepartum diagnosis without complications 





Average length fe 
of stay* 






Outlier 


0.9912 7.2 0.083 
0.7535 6.1 0.074 
0.5534 3.8 0.087 
0.4063 3.2 0.076 
0.5492 3.6 0.092 
0.6889 4.4 15 0.094 
0.4158 2.9 15 0.086 
0.4761 a2 8 0.130 
0.8094 5.5 1] 0.088 
0.3169 2.2 8 0.086 
0.2705 E5 4 0.108 
0.3602 1.4 4 0.154 
0.1842 1.2 2 0.092 
0.4317 3.4 14 0.076 
0.3245 22 9 ogee 









































‘stem was expected to discourage hospitals from 
V apttiening hospital stays unnecessarily and providing 
oods and services not clearly required. 

S In F lorida, measures for cost containment were tak- 
ing directions similar to those on the federal level. For 
ample, the Health Care Consumer Protection Act of 
984 placed several constraints on hospitals in an effort 
t control escalating costs.'' Proviso language in the 
g Appropriations Act mandated the development 
a prospective pricing system for neonatal intensive 
are § services provided by the 10 Florida Regional Peri- 
natal Intensive Care Centers. These centers give ob- 
stetric care to high-risk pregnant women, primarily 
income, and neonatal intensive care to sick or low 
irth weight infants throughout the state.!? The federal 
RG system did not differentiate enough among ex- 
e neonatal hospitalizations of these infants ac- 
g to severity of illness, and it did not reimburse 
equately. The state needed its own fiscal manage- 
tool for determining equitable reimbursement. 
en’s Medical Services, the state agency that funds 
re of this population of infants, requested an 
ysis of the medical and fiscal data from the records 
-onates cared for in the participating hospitals 
between July 1, 1980, and June 30, 1985 (8492 infants). 
esult of this analysis, a new DRG-type classifica- 
o system, called neonatal care groups, was devel- 
ped, providing more equitable reimbursement.’ This 
method was implemented July 1, 1985. 

a A similar type of discrepancy (noted above, between 
. federal DRGs and. F lorida’ s experience with neonatal 
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~~ intensive: care) vas: thought to exist between the pop- (a more accurate. reflectior 


7 ‘*Geometric average length of stay, rather than arithmetic average, was calculated as a more accurate reflection of central 


therefore the current study was undertaken. Further- 
more, proviso language in the 1985 Appropriations Act 
mandated the development of a prospective pricing 
system for high-risk obstetric care. Hospital charges, 
diagnoses, procedures, length of hospital stay, and 
other clinical and fiscal variables had been accumulated 
for high-risk obstetric patients in the Children’s Med- 
ical Services statewide data system." These data were 
used to develop a valid pricing system for high-risk 
obstetric care. | 

In this report, we describe the federal DRG system 
as it applies to obstetric care and the development and. 
applications of Florida’s high-risk obstetric care groups 
(OBCGs). 


Federal DRG system 
The federal DRG system uses 468 categories, of 
which 15 pertain to obstetric care (Table I). The major 
divisions are antepartum, intrapartum, and postpar- 
tum hospitalizations. Within the intrapartum type, a 
further main division is based on whether delivery is 
cesarean or vaginal. The other major distinctions — 
among groups are whether complications are present — 
and whether operation is performed. Complications — 
are defined as the presence of one or more of a list of 
more than 200 diagnoses considered i in the DRG system ; 
to be potentially related to pregnancy. : 
DRG “weight” is a concept used in the federal system 
to indicate the intensity and duration of hospital care 
(and hence the cost) for an average pi ent in a given l rae 
group. Weights are based on geo rage a 












arithmetic average). The | 
for antepartum admission dt 





- Antepartum complication 





Kidney disease 0.51 
Hyperemesis with ketonuria 0.69 
Pulmonary dysfunction 0.54 
Spontaneous premature labor 0.22 
Viral infection 0.50 
Amnionitis 0.41 
Maternal diabetes 0.32 
Intrapartum complication 
Psychological disorder 0.20 
Hypertension 0.08 
Collagen vascular disease 0.26 
Amnionitis 0.25 
Arrested progressive labor 0.11 
Polyhydramnios 0.14 
Premature birth 0.05 
Dilatation and curettage 0.40 
Endometritis 0.2] 
Hemorrhage 0.22 
Maternal death 1.01 
Tubal ligation 0.25 
Hysterectomy 0.60 
X-ray film obtained 0.15 
Prematurely ruptured membranes 0.11 
Delivery type 0.68 
Maternal diabetes 0.20 
Eclampsia 0.34 
Fetal monitoring 0.10 
Preeclampsia 0.32 


| le II. Complications that significantly predict hospital charges in high-risk obstetric patients 


Estimated Frequency of No. we : 
effect occurrence (%) | Partial R? complications 7 








1.7 0.0076 l 
0.8 0.0132 ] 
2.3 0.0159 l 
25.9 0.0171 l 
1.3 0.0079 ] 
3.0 0.0054 i 
16.7 0.0200 l 
0.8 0.001 l 
ta 0.001 0 
0.5 0.0007 l 
3.0 0.01 l 
2.7 0.001 0 
1.3 0.0006 0 
23.3 0.007 0 
1.0 0.0015 l 
2.6 0.003 i 
0.9 0.0012 l 
0.2 0.003 2 
14.5 0.015 l 
0.4 0.005 2 
3.4 0.002 0 
17.4 0.006 Q 
37.1 0.40 — 
16.7 0.014 } 
0.8 0.0024 1 
72.0 0.004 0 
13.2 0.03 i 








= “The lowest intrapartum (delivery) DRG weight is 
0.4063, for vaginal delivery without complications 
(DRG 373). The highest overall DRG weight is 0.9912, 
for cesarean section with complications (DRG 370). To 
calculate reimbursement, the DRG weight is multiphed 
by a “base rate,” currently about $3000. For example, 
reimbursement for a woman having a vaginal delivery 
_ with no complications would be: DRG weight x base 
aa rate = reimbursement, or 0.4063 x $3000 = $1219. 
< By this method, DRG weights can remain stable, as they 
are relative and not absolute numbers. The base rate 
fluctuates with the economy and as a reflection of the 
current cost of doing business. 

“Outlier cutoff” is a concept used to reimburse hos- 
pitals for patients with unusually long, expensive hos- 
pitalizations.* The outlier cutoff is the day of hospital- 
ization considered to lie significantly beyond the geo- 
metric average length of stay, for which additional 
reimbursement is warranted. For example, the geo- 
metric average length of stay for a vaginal delivery 
f without complications. (DRG 373) is 3.2 days, and the 
: “outlier cutoff is 9 days. If an obstetric patient in this 
G i is ‘hospitalized more than 9 days, the hospital is 
mbursed a an additi onal sum for every. outlier eae 


































lated by the equation: Outlier weight x outlier days x 
base rate = additional reimbursement, or 0. 076. me 
3 x $3000 = $684. DRG categories, weights, and « out 
lier cutoff days are shown in Table I. oe 

The federal prospective pricing system with the use 
of DRGs has been adopted as the basis of Medicaid. 
payment in nine states: New Jersey, Michigan, Oh | 
Pennsylvania, Utah, Washington, Minnesota, Orego 
and South Dakota.'* Blue Cross has implemented | 
based reimbursements in Arizona, Kansas, Mich gan 
Nebraska, and Oklahoma. eae ie 


Obstetric patients and hospital charges in- 
Florida’s Regional Perinatal Intensive 
Care Centers < 
The records of all sponsored obstetric patients who 
were hospitalized for obstetric care in Florida’s R 
gional Perinatal Intensive Care Centers between July 
1, 1983, and December 31, 1985, were analyzed for- 
fiscal and medical data in a total of 4192 women wi 
hospital charges of $17.47 million. This was p possible 
because demographic, medical, and fiscal data for ea 
mother had been collected, coded, and entered i 
data am of the a Perinatal Intens € 

















Average length 
of stay? 






Description weight 
















370.0 Cesarean section, 0 complication 3.0 6.5 0.23 
370.1 Cesarean section, | complication 3.2 1.2 0.22 
370.2 Cesarean section, 22 complications 3.9 8.0 0.24 
372.0 Vaginal delivery, 0 complication 1.3 3.3 0.20 
372.1 Vaginal delivery, | complication 1.8 4.4 0.20 
372.2 Vaginal delivery, 22 complications 2.2 4.9 0.22 
376.0 Postpartum E5 4.8 0.16 
383.0 Antepartum, 0 complication 1.3 4.3 0.15 
383.1 Antepartum, | complication 1.7 5.5 0.15 
383.2 Antepartum, 22 complications 23 6.9 0.17 





© = *Weight reflects both intensity of care and length of hospitalization. Base rate (currently $1000 in Florida) is multiplied by 
weight to determine total reimbursement for hospitalization. Example: For an uncomplicated vaginal delivery, reimbursement 
would be: 1.3 x $1000 = $1300. 

+Calculated as geometric average length of stay, which reflects central tendency more accurately than arithmetic average. 


| Outlier cutoff day is the day of hospitalization considered to be the limit of a typical hospital stay, beyond which additional 
> reimbursement is allowed. To calculate this additional reimbursement, the base rate of $1000 is multiplied by the appropriate 
outlier weight, and the result is multiplied by the number of hospitalization days beyond the outlier cutoff day. Example: 
-c Reimbursement for a woman hospitalized 18 days for Cesarean section delivery with one complication would be $3200 for the 
| first 15 days (3.2 x $1000) plus 3 days beyond outlier cutoff. Outlier days would be calculated by: days x base rate x outlier 






































_ for tertiary care to one of the 10 Regional Perinatal 
~ Intensive Care Centers, She also had to meet the low- 
income criteria for sponsorship in the program. During 


Regional Perinatal Intensive Care Center; the remain- 
< ing 408 came only for prenatal care and were delivered 
-elsewhere or had a spontaneous abortion. 

=< Hospitalizations and charges were clustered into 
> three main groups: antepartum (predelivery), intra- 
partum (delivery), and postpartum. If a patient had 
< several antepartum hospitalizations, charges for these 
fe hospitalizations were totaled and treated as one hos- 
a ‘pitalization. Similarly, multiple postpartum hospitaliza- 
-tions were combined. 

With the above definitions, the 4192 obstetric pa- 
tients had 1303 antepartum hospitalizations, 3784 
intrapartum hospitalizations, and 88 postpartum hos- 
pitalizations. About one third of the women had an- 
tepartum hospitalizations. Not many patients had cata- 
‘strophic charges. Only 23 women had hospital bills ex- 
ceeding $20,000, and the highest individual charge was 
$83,000. Of the eight patients who died, five were in 
f the group having charges above $20,000. 





<. Development of Florida’s OBCGs 
os Analysis of the data for the Regional Perinatal In- 
tensive Care Center patients suggested that the federal 
X o classifications of antepartum, intrapartum, and post- 
© partum hospitalizations were warranted for our pop- 
-= ulation of high-risk obstetric patients. However, the ex- 
tensive list of diagnoses used in the federal system to 
< define complications appeared to be unnecessary. 


-© weight, or 3 x $1000 x 0.22 = $660. Thus total reimbursement would be $3860. 


Therefore we identified approximately 150 variables 
contained in the data system of the Regional Perinatal 
Intensive Care Centers that were judged to have po- 
tential for significant fiscal impact. When these vari- 
ables were analyzed by stepwise regression to determine 
their effects on hospital charges, 27 emerged as sig- 
nificant (Table II), seven antepartum and 20 intrapar- 
tum. Stepwise regression analyses were performed sep- 
arately for antepartum and intrapartum hospitaliza- 
tions. Postpartum diagnoses composed only 1.7% of all 
admissions and were not analyzed by stepwise regres- 
sion, since this group could have little overall fiscal im- 
pact in the program. 

Regression analyses demonstrated that delivery type 
(vaginal or cesarean) was the variable most predictive 
of hospital charges, accounting for 0.376 of the vari- 
ance in log charges (out of a total of 0.54 with the use 
of all variables). Therefore we divided the category 
“intrapartum” into “vaginal delivery” and “cesarean 
section.” No similar subdivision on the basis of a single 
predictor variable appeared justified for antepartum 
and postpartum categories. 

The fact that no single variable in any hospitalization 
category, other than delivery type, was a dominant pre- 
dictor of hospital charges suggested another approach 






vided by the averag 






Florida OBCGs 
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Cesarean section, 0 compli- $3000 371 
cation 
370.1 Cesarean section, 1 compli- $3200 370 
cation 
370.2 Cesarean section, =2 compli- $3900 
cations 
372.0 Vaginal delivery, 0 compli- $1300 373 
cation 
Vaginal delivery, 1 compli- $1800 372 
cation 
Vaginal delivery, =2 compli- $2200 374 
cations 
375 
376.0 Postpartum (all) $1500 376 
377 
383.0 Antepartum, 0 complication $1300 384 
383.1 Antepartum, 1 complication $1700 378 
379 
380 
382 
383 
383.2 Antepartum, =2 compli- $2300 383 
cations 
381 


number. With a few exceptions (Table IH), this rounded 
value was taken as the number of complications for 
which each diagnosis would count. 

With this method, six of seven predelivery diagnoses 
counted as one complication each; the seventh, hyper- 
emesis with ketonuria, had an estimated effect closer 

z to two complications than one, but because it occurred 
_.. least frequently of all antepartum complications, it was 
rounded down to one to simplify computations. On the 
other hand, the estimated effect of spontaneous pre- 
~ mature labor divided by the corresponding average was 
0.48 and could have been rounded down to zero but 
was instead rounded up to one complication because 

of its high frequency. . 

Of the 20 intrapartum variables, 11 were rounded 
to one complication, but one of these, x-ray, was 
changed to zero to discourage unnecessary use of roent- 
genograms. The other six zeros were for hypertension, 
arrested progressive labor, polyhydramnios, premature 

_.. birth, premature ruptured membranes, and fetal mon- 
< itoring (Table 11). The estimated effects of two intra- 

5 : partum variables were sufficiently high to warrant iden- 

-tifying them as two com plications each: maternal death 

and hysterectomy. 

Our analyses indicated. that complications should be 

ed additively to define subgroups b but that only three 
















sk se of reimbursements between federal obstetric DRGs and Florida OBCGs 


: DRG we 

























Comparable feder al DRGs 


Cesearan section, 0) VEEE $0061 


$2973 


Cesarean section, =] complication 


Vaginal delivery, 0 complication $1219--° 


$1660 


Vaginal delivery, =} complication 
Vaginal delivery, 0 complication, but ster- $1648 
ilization and/or dilatation and curretage a 
Vaginal delivery with operation but no $2067- 
sterilization or dilatation and curettage a 
$1247 
$1428 
hi : 


Postpartum, no operation 
Postpartum, operation 


Antepartum, 0 complication 


Ectopic pregnancy 


Threatened abortion | ines 
Abortion without dilatation and curettage $812. 
False labor $553 
Antepartum, >] complication $1295. 


Antepartum, 21 complication $1295. oS 


Abortion with dilatation and curettage $1081 z he 


subgroups are required. Thus three of our four main- 
OBCGs (370, 372, and 383) were subdivided into no | 
complications, one complication, and two or more com- 
plications (suffixes .0, .1, and .2, respectively). Our pre- 
fix numbers were chosen to resemble federal DRG 
numbers as closely as possible. An example of an OBI 
classification would be predelivery hospitalization of a 
diabetic woman with spontaneous premature labo 
Premature labor would count as one complication and 
maternal diabetes as another, putting the patient in 
OBCG 383.2: antepartum hospitalization with two. or 
more complications. Details of Florida OBCGs appear 
in Table III. ne, 
The computerized management system for patients 

served at Florida’s 10 Regional Perinatal Intensive Car 
Centers provides a central data base that stores. de- 
mographic, clinical, and fiscal data for each patient. 
The system automatically classifies patients into appro- 
priate OBCG sections and computes entitlements. It 
identifies outlier days (if any), hospital charges, a 
hospital entitlement. An interactive report, available 
line to each participating center, verifies correct e 
of each patient’s data into the system. The esse 
for determining OBCG reimbursement are 
Table IHI. The distribution of 5175 obst 
izations by OBCG cau ory appears in Fig I, alo 
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Antepartum hoap. 
O comptice. 

oa (O8CG 383.0) 

ae ‘Vaginal delivery 
4 complic. 
(ÖBCG 372.1) 3 complic. 
(OBCG 383.1) 


{OBCG 383.2) 


. Cesarean section 
0 compitie. 

`. Maginal delivery {OBCG 370.0} 

Oo complic. l 


{OBCG 372.0) Í 
Caesarean section 


t complic. 
(OBCG 3796.1} 


Ceaearean section 
2 2 complic. 
(OBCO 3706.2} 


the proportion of $17.47 million in hospital charges for 
ch category. 





omparison of OBCGs with DRGs 

W en the federal system of using all variables to 
lefi es complications for delivery hospitalizations was 
applied to our data, 40% of the variance in hospital 
rges € could be explained by diagnosis-related groups 
= 0. 4). When the Florida OBCG system was used, 
45.2% of the variance could be explained. This figure 
reasonably close to the maximum of 54% that could 
be obtained with the use of stepwise regression includ- 
ing all of our significant variables (Table II). Thus the 
| simplified OBCG system for delivery hospitalizations 
- predicted log charges more accurately than the cor- 
- responding DRG system. Also, the DRG approach uses 
= hundreds of possible diagnoses and conditions to iden- 
| tify “complications,” whereas the OBCG system uses 
> only 19 (seven antepartum and 12 intrapartum). 

< Reimbursements for federal DRGs and Florida’s 
- OBCGs are compared in Table IV. Uncomplicated ce- 
-sarean sections by the OBCG system have charges ap- 
roximately 25% higher than those of uncomplicated 
sarean sections by the DRG system. Cesarean sections 
h two or more complications in the OBCG system 
30% more expensive than complicated cesarean 
sections i in the DRG system. Also, vaginal deliveries with 
two or more complications in the OBCG system are 
reimbursed at a 30% higher rate than complicated vag- 
inal deliveries in the DRG system. 

The reimbursement differences between OBCGs 
-and DRGs that occurred in antepartum and postpar- 
tun ospitalizations were due to the high-risk nature 











3 population: Moreover OBCGs are based on cumulative 
oo antepartum and postpartuti. time spent in the hospital. 
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Antepartum hosp. 
1 complic. 
{OBCG 383.1} 


Antepartum hosp. 
2 2 compitic. (1.3%) 
{O08CG 383.2) 


Cesarean section 
0 complic. 
iOBCG 376.0} 


Cesarean section 
> 2 complic. 


{ OBCG 370.2) Cesarean section 


1 complic. 
(OBCG 372.1) 


Fig. 1. Left: Distribution of 5175 obstetric hospitalizations by Florida OBCG category during the 
period July 1, 1983, through December 31, 1985. Right: Proportion of hospital charges totaling 
$17.47 million for each Florida OBCG category during the same period. 


Another difference is the method of counting outlier 
cutoff days; in the OBCG system, outlier cutoff days 
are counted and reimbursed when all antepartum or 
intrapartum hospital days added together exceed the 
outlier cutoff. The OBCG approach of adding length 
of stays across multiple antepartum (or postpartum) 
hospitalizations for one patient would tend to discour- 
age long lengths of stay as well as repeated hospital- 
izations during the same pregnancy. 

While outpatient care is not integrated into either the 
OBCG or the DRG system, it should be noted because 
outpatient prenatal care is an important component in 
the treatment of high-risk obstetric patients. The 3784 
patients who were delivered in the program had a total 
of 16,273 outpatient visits and a total of $1.6 million 
in charges. The average number of prenatal visits was 
approximately seven for patients who received prenatal 
care (59% of the total population). 

In summary, OBCGs were adopted by Florida’s Re- 
gional Perinatal Intensive Care Centers program on 
July 1, 1986. This prospective pricing system has the 
same advantages as the DRG system over the traditional | 


per diem method as a fiscal management tool. Data a 
collected for 4192 women during a 24-year. period | z 


indicate that the system also works better than the fed- 
eral DRG system for our population of high-risk ob- 
stetric patients. The OBCG system results in a man- 
ageable number of homogeneous groups that are 
quickly identified and easy to ‘monitor. The data needed 
are only whether the hospita al 
problems, delivery, or post 
Te was een cesarea 







tions; whether- 






was for predelivery — = 








a rtum reimbursements for “no complications” and 
one complication” are similar to those for the corre- 
ponding ‘ ‘uncomplicated” and “complicated” DRG cat- 
-egories, the additional OBCG category for two or more 
> complications provides a significantly higher reim- 
“C > bursement rate for severe problem cases, a distinction 

~ that is appropriate for a high-risk obstetric population. 
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outcome in 19 cases 


Beryl R. Benacerraf, M.D., and N. Scott Adzick, M.D. 


Boston, Massachusetts 


“ee ~ Nineteen cases of congenital diaphragmatic hernia diagnosed in utero are reported with emphasis on 
- sonographic findings, associated congenital and karyotypic abnormalities, the presence or absence of 
polyhydramnios, and clinical outcome. The survival of these infants was very poor despite accurate 
=- prenatal diagnosis, maximal surgical and medical treatment and maximal postnatal care. The overal! 
Survival rate was 10.5%, and for fetuses who lived beyond delivery the survival rate was 20%. (Am J 





Osstet Grnecot 1987;156:573-6.) 


Key words: Congenital defects, diaphragmatic hernia, ultrasound 


Congenital diaphragmatic hernia is an anatomically 
simple defect that is easily correctable after birth by 
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g tal diaphragmatic hernia: Ultrasound diagnosis and clinical 


removal of the herniated viscera from the chest and 
repair of the hole in the diaphragm. However, most : 
infants with congenital diaphragmatic hernia die of © 
pulmonary insufficiency, despite immediate oper ation, : 
because the e are too hypoplastic to support € X= 
trauterine life.’ ° Experimental studies have de: ly 
shown that the pulmonary hypoplasia is a devel 
mental consequence of fetal lung compressio b 
herniated viscera.” Prenatal detection and se 
graphic stua of fetuses with congenital dı iphragı 











-o Fig. 1. A, Transverse view through the fetal chest at 18 weeks 
showing the heart deviated toward the right side (solid arrow) 
and the fetal stomach in the left side of the chest as shown by 
the open arrow. Incidental note is made that the heart had only 
two chambers, a double-outlet right ventricle with aortic atre- 
sia. B, Longitudinal view of a 32-week fetus showing the heart 
deviated against the chest wall (arrows), with a large number 
of echo- “poor bowel loops adjacent to the heart in the chest. 
The liver is noted in the abdomen below the heart. 


- hernia now make it possible to define the natural his- 


“tory of this lesion and determine the pathophysiologic 
-features that affect clinical outcome. 

-< We report 19 cases of congenital diaphragmatic her- 
nia diagnosed in utero and describe the sonographic 
a findings, associated congenital and karyotypic abnor- 
~~ malities, presence or absence of polyhydramnios, and 


>o clinical outcome. Our cases were diagnosed by a single 


ultrasonographer with postnatal treatment by the same 


; $ _ surgical team. The survival of these infants was ex- 
tremely poor despite early sonographic diagnosis, ma- 
ternal transport, planned delivery, immediate resusci- 


tation and operation, and maximal postnatal care, in- 
cluding the use of a newly developed extracorporeal 





Ti membrane oxygenator. 
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Fig. 2. Histogram showing the distribution of our 19 patients 
by gestational age in weeks. 


Table I. Abnormal karyotypes 







Weeks’ gestation 
at diagnosts 





Karyotype 





15, 22 


Trisomy 18 2 
Trisomy 2] i 30 
Tetraploidy 21 l 16 





Material and methods 

Over the course of 31⁄2 years, 19 consecutive cases of 
congenital diaphragmatic hernia were diagnosed in a 
laboratory dedicated to high-risk obstetric sonography 
where more than 20,000 fetuses were scanned. The 
scans were performed with an Acuson 128, a variable 
focus phased-array system, and an ATL 300 IC, with 
3.5 and 3 MHz transducers, respectively. The diagnosis 
of congenital diaphragmatic hernia was made when 
observation was made of an intrathoracic mass having 
the appearance of liver, bowel, or stomach, with dis- 
placement of the heart and mediastinum to the op- 
posite side and with a paucity of abdominal contents in 
the abdomen (Fig. 1). Other features that were eval- 
uated included amniotic fluid volume, evidence of 
other congenital malformations, karyotyping when am- 
niocentesis was performed, and clinical outcome. All 
deliveries were performed at Brigham and Women's 
Hospital with planned neonatal resuscitation in the de- 
livery room and immediate repair of congenital dia- 
phragmatic hernia at the adjacent Children’s Hospital. 


Results 

The sonographic diagnosis of congenital diaphrag- 

matic hernia was made from 15 to 41 weeks’ gestation, 
with seven being diagnosed between 15 and 21 weeks — 
(Fig. 2). There were 14 fetuses with a left diaphrag- 
matic hernia.and five with aright diaphragmati vernia. | 

Amniocentesis yielded. four abnormal karyot pes: : 
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able II. | Presence of polyhydramnios 
e | After 





~ Amount of fluid 






= Polyhydramnios > 6 
Normal fluid volume 4 5 





= Two cases did not have polyhydramnios in second trimester 
until 28 weeks. One case did not have fuid volume recorded. 


*With anencephaly. 


two cases of trisomy 18, diagnosed at 15 and 21 weeks; 
one case of tetraploidy 21, diagnosed at 16 weeks; and 
_ one case of trisomy 21, diagnosed at 30 weeks (Ta- 
` ble I). Other congenital anomalies that were noted in 
nine fetuses included cardiac abnormalities, neural 
tube defects, omphalocele, hydrops, and multiple de- 
fects. There were 10 fetuses who had congenital dia- 
phragmatic hernia as the only sonographic diagnosis 
(Fig. 3). The sonographic findings were confirmed by 
autopsy or clinical examination in all of these cases 
except for one fetus with trisomy 18 by karyotype that 
was too fragmented for pathologic examination after 
pregnancy termination. 

Of the seven fetuses diagnosed with congenital dia- 
phragmatic hernia before 22 weeks’ gestation, none 

_ Survived. Three had abnormal karyotypes (two with 

-trisomy 18 and one with tetraploidy 21), and one fetus 

had anencephaly with a large encephalocele. All four 

-of these fetuses were aborted. The remaining three 
fetuses in this group were carried to term. One fetus 
had severe spinal defects and was stillborn, and the 
other two had no other congenital abnormalities visu- 
alized on sonogram; one did not survive to leave the 
delivery room, and the other fetus died shortly after 
operation. 

Polyhydramnios was present in only one fetus di- 
_agnosed before 24 weeks’ gestation; this fetus had 
-anencephaly, which probably caused the polyhydram- 

nios (Table II). Two fetuses with the diagnosis made 

before 24 weeks (with no other congenital abnormali- 
ties) subsequently developed polyhydramnios between 

28 and 30 weeks. Of the fetuses older than 24 weeks 

at diagnosis, the majority had polyhydramnios (six fe- 

tuses), and actually a total of eight had third-trimester 
polyhydramnios when the two cases that were diag- 

nosed earlier are included. There were five fetuses di- 

agnosed with congenital diaphragmatic hernia after 24 

weeks that had normal amniotic fluid volumes. 

Despite sophisticated perinatal management, the 
i overall outcome was dismal (Table IHI). There were 
three cases of intrauterine fetal death or stillbirth. Two 
neonates deteriorated so rapidly after birth that sur- 
gical repair of the congenital diaphragmatic hernia 
could not be attempted. A total of eight infants died 
fter T operation, a i d severe } pulmonary hypoplasia was 
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DIAPHRAGMATIC HERNIA AS 
ONLY ANOMALY 


OTHER CONGENITAL 
ANOMALIES 


ISOLATED CARDIAC 1 
4 

OMPHALOCELE 1 
2 
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Fig. 3. Presence or absence of associated congenital abnor- 
malities. oe 


Table HI. Outcomes 


Outcome 


Induced abortion 
Intrauterine death 
Died before operation 
Died after operation 
Survived 


*Two died before extracorporeal membrane oxyg 
could be instituted; four died after a period of extracorpore: 
membrane oxygenation; two died despite maximal con 
tional treatment. The longest survival was 5 months. 


confirmed at autopsy in each instance. The longest f 
vival was 5 months with chronic respiratory in 
ciency as the cause of death. Four of these neonate: 
that underwent operation had the benefit of extraco 
poreal membrane oxygenation, and two others died. 
before extracorporeal membrane oxygenation c ould be 
instituted. i 

Only two fetuses survived operation, and neither re- 
quired extracorporeal membrane oxygenation for. 
spiratory support (Table IV). Both cases were di 
nosed prenatally during the late third trimester, ; 
one had mild polyhydramnios. 





Comment 4 

The prenatal diagnosis of congenital diaphragmat 
hernia was made in all 19 cases by identification | 
herniated abdominal viscera in the fetal chest, abnor- 
mal upper abdominal anatomy, and mediastinal shi 
away from the side of herniation. The diagnosis w a 
made as early as 15 weeks’ gestation, with polyhydra: m 
nios a common finding after 24 weeks. Since two fetuses 
with the early gestational diagnosis of congenital « 
phragmatic hernia subsequently developed polyh 
dramnios at the beginning of the third trimester; this 
suggests that polyhydramnios is a relatively late ma’ . 
ifestation of this disease. Consequently, careful exa : 
ination of the fetal chest is necessary for con; 
diaphragmatic hernia to be detected successft 
reliably in the second trimester. Previous work h 
onstrated that polyhydramnios not or 
fetal congenital diap ragmatic hernia but 
predictor for sever e cases with poor: P 








ale IV. Survivors 


32 Left No No 





: “Age at lernia Other 
_ diagnosis ) abnormality Polyhydramnios 
37 Left No Yes (mild) 





Outcome 


Did well, extracorporeal membrane oxygenation 
not needed 
Did well, extracorporeal membrane oxygenation 
not needed 

































“though. the cause of polyhydramnios is unclear in con- 
“genital diaphragmatic hernia, functional upper gastro- 
; intestinal obstruction from the bowel herniation prob- 
a ably plays a role. 

© Previous reports have noted that the incidence of 
` associated anomalies with congenital diaphragmatic 
©- hernia have varied from “rare” to 56%.°? Current pre- 
z: natal diagnostic techniques can detect these structural 
_ defects, and all were accurately diagnosed in our series. 
. It is noteworthy that 4/19 or 21% of these patients had 
-chromosomal abnormalities, suggesting that amniocen- 
-tesis for karyotyping is indicated when congenital dia- 
- phragmatic hernia is diagnosed antenatally. 

` ` The prenatal diagnosis of congenital diaphragmatic 
-hernia has been reported in several case studies and 
small series.*'' The largest series is a multicenter survey 
f 94 cases, in which 90% of the cases had optimal 
perinatal. care with maternal transport, planned deliv- 
y, and immediate resuscitation.’ Despite sophisticated 
postnatal therapy, only 20% of these babies survived. 
Dur study describes a series of patients in which the 
diagnosis of congenital diaphragmatic hernia was made 
_ by asingle ultrasonographer and where each fetus com- 
ing to delivery had maximal resuscitation and imme- 
-diate operation by the same surgical team. In addi- 
tion; the membrane oxygenator was available for 1 to 
2 weeks of complete postoperative respiratory support 
for neonates with failure of conventional ventilatory 
management. Despite these considerations, the overall 
irvival rate was 10.5% (2/19); for fetuses that lived 
beyond delivery, the survival rate was 20% (2/10). 

-In the future, prenatal diagnosis may permit surgical 
intervention before birth. A crucial part of fetal lung 
development occurs in the middle of the second trimes- 
ter.” If the diagnosis of congenital diaphragmatic her- 
nia is made early, it may be possible to intervene in the 
second trimester rather than waiting until birth where, 
despite maximal treatment, survival has not improved. 
~ Harrison et al. and Adzick et al." have described the 
| surgical reduction of congenital diaphragmatic hernia 
in utero in a fetal lamb model, permitting lung devel- 
opment t to take place during the remainder of preg- 
nancy with survival at birth. In addition, they have dem- 
~ onstrated the safety of hysterotomy and the control of 
- preterm labor in the nonhuman primate.'* ° If this 
approach is contempla -d, early and accurate diagnosis 
oF fetal congenital aphragmatic hernia is. essential 
































even before the onset of polyhydramnios. This ap- 
proach would require amniocentesis to exclude chro- 
mosomal abnormalities as well as careful fetal sonog- 
raphy to detect other structural abnormalities. For the 
present, the poor prognosis of fetal congenital dia- 
phragmatic hernia requires objective counseling of the 
parents, particularly when options for pregnancy ter- 
mination are available. 
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cost-effective replacement for cefoxitin 


For Intravenous or intramuscular Use 
BRIEF SUMMARY 


IN NDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated tor the therapeutic treatment of the 
foi lowing infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species {including K pneumoniae}. Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
retigeri, and Morganella morganit). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly 9 pneumoniae}, 
‘aphylococcus aureus {penicillinase- and nonpeniciliinase-producing strains). Haemophilus 
nee (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 

and £ col 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and sonpenicil- 
Maase producing strains}, SRANNEOTER epidermidis.” Streptococcus pyogenes and Streptococcus 
Species (excluding enterococci), and £ coli. 


Gynecologic infections caused by Staphylococcus aureus’ (including penicilinase- and nonpenicil- 
linase-producing strains}, Staphylococcus epidermidis.” Streptococcus species {excluding entero- 
cocci} E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis. 
B ovatus, B thetaiotaomicron), Fusobacterium Species. ‘and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


intra-abdominal infections caused by E col’, Klebsiella species (inciuding K pneumoniae’). Strepto- 
coccus species (excluding enterococci}, and Bacteroides species (excluding B distasonis. B ovatus. 
B thetaiotaomicron). 


Bone and joint infections caused by Staphyloceccus aureus | 
(OTE: ‘Some strains of Staphylococcus epidermidis are resistant to cefotetan 
ret cacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
intaminated or potentially contaminated (eg, cesarean section. abdominal or vaginal hysterectomy. 
transurethral surgery, biliary tract surgery. and gastrointestinal surgery). 
The prophylactic. dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. tn 
patients undergoing cesarean section. CEFOTAN should be administered intravenously atter the 
clamping of the umbilical cord. 
if there are signs and symptoms of infection, specimens for culture should be obtained for 
itification ofthe causative organism so that appropriate therapeutic measures may be initiated 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 











NGS 

Belore therapy with CEFOTAN is instituted, careful inquiry shouid be made to determine whether the 
patient has had previous hy rsensitivity reactions to cefotetan disodium, ce pptoncnbeia 
penicillins, or other drugs. This product should be given cautiously to penicillin n-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy. partienlort yte bit if an allergic reaction to CEFOTAN occurs, discontinue the drug. 
S mia acute hypersensitivity reactions may require epinephrine and other emergency measures, 

Pseudomembranous colitis has heen reported with the use of cephalosporins (and other broad- 
ppectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth: of clostridia. Studies indicate a toxin produced by Clostridium difficie is one primary 
use of antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind 
the toxinin vitro. 

Mid cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis 1s not 
relieved by drug discontinuance, or when it is severe. oral vancomycin is the treatment of choice for 
antibiotic- associated pseudomembranous colitis produced by C difficile. Other causes should also be 





RECAUTIONS | 

ENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
vt of nonsusceptible organisms. Caretul observation of the patient is essential. If superinfection 
occur during therapy, appropriate measures should be taken. 
common with many other broad- Eri de antibiotics, CEFOTAN may be associated with a fall in 

athrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 

mai state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
inistered as indicated. 
FOTAN should be used with caution in individuals with a history of gastrointestinal disease. 
cularly colitis, 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disuifiram-like reaction 
characterized by flushing, sweating. headache, and tachycardia may occur when alcohol (beer, wine, 
chi ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
stion ofa icoholic beverages following the administration of CEFOTAN, 


DRUG. INTERACTIONS: | Hf CEFOTAN and an aminoglycoside are used concomitantly, renal function 
id be carefully monitored, especially if higher dosages of the aminoglycoside are to be adminis- 
‘apy is pro tonged, because of the potential nephrotoxicity and ototoxicty of ammnoglyco- 





Ee 


3. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone. 
ssible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
lycoside 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
Benedict's or Fehlings solution. 
‘AS with. other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Serum and-urine Greatini ine levels 8 datte reaction. and pregue fal Se increases inthe ievels of 
gatinine reported: - 


CARCINOGENESIS, MUTAGENESIS. IMPAIRMENT OF FERTILITY; Although Jong-term studies in 
imals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
fotetan was found in standard laboratory- tests. 

Cefotetanhas adverse effects on the testes of prepubertal Tats. Subcutaneous administration of 
K} mg/kg/day {approx g6 times the i usual adul t human dose} on days 6-35 af ife (thought to be 


CEFOTAN® (cefotetan disodium) 


mem 


developmentally analogous to iate childhooe and prepuberty in humans} resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected ceils included spermatogo- 
fia and spermatocytes; Sertoli and Leydig cells were unatfected. incidence and severity of lesions 
were dose-dependent, at 120 mg/kg/day amie 2-4 times the usual human dose}, only 1 of 10 
treated animals was affected, and the degree of degereration was mild. Similar lesions have been 
observed in experiments of comparable design with other methyithiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, ar in intant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans i5 UNKNOWN. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys al doses up lo 20 times the human dose and have revealed no evidence of impaired 
fertiity or harm to the fetus due to cefotetan. There are, however no adequate and well-controlled 
Studies in pregnant women. Because animal fepraciionve Studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


USAGE IN NURSING MOTHERS: Cefotetas is excreted in human milk in very fow concentrations. 
Caution shouid be exercised when cefotetan is administered fo a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established, 


ADVERSE REACTIONS 
in clinical studies the following adverse effects were considered related io CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients: ihe most frequent were diarrhea (7 in 
BO) and nausea (iin 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and inciuded eosinophiia 
(i in 200}. positive direct Coomas test (1 in 250}, and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150). 
SGOT (1 in 306), alkaline phosphatase (1 in 700). and LDH (1 in 700). 


Hypersensitivity reactions were reported in 1.2 percent af patients and mcladed rash (1 in 150) and 
itching (1 in 7OG) 


aa effects were reported in iess than one percent of patients and included phlebeis af the site of 
npection (1 in 300), and discomfart (7 in 5001. 


DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously oF 
intramuscularly every 12 hours for § to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the intection, and susceptitility of the causative 
organism, 


iane nnna: 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours iV or iM 
tor 2 g every 24 hours IV or IM 
i or2g every 12 hours iY o iM 
Other Sites 2-4 grams tor2 g every 72 hours Vor iM 
Severe ae 4 grams 2 g every 12 hours IV 
Life-Threatening 67 grams 3g every 12 hours iY 





“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in Clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once. intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing Cesarean section. the dese should be 
administered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The follawing dosage guidelines may be used. 
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DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 





mL/min Dose Frequency 
> 30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<40 Usul! Recommended Dose” Every 48 hours 


*Dose determined by the type and severity of infection. and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended thal for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommendad cose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis, 


HOW SUPPLIED 

CEFOTAN is a dry. white to pale yellow powder supplied in vials containing ceimtetan disodium 
equivalent to 1g and 2 ¢ cefotetan.activity for int avenous and intramuscular administration, The 1 3 
dose is available int mL and 100 mL viais, and the 2 g dose is avaliable in 20 mt and 100-mL viais 

The vials shouid not be stored ai temperatures above ies Ç and should be protected from. tight i 
BS me marO are -D376-10} DE piar F 
2g in 20 mL vial (NDC 0038-0377-20) 

ig in 100-mi vial (NDC 0038-0376-11) 

2 qin 100 mb wat (NOC 0038-0377- a) 
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MILK IN INFANT NUTRITION AND HEALTH 
y R. Rodney Howell, Frank H. Morriss, Jr., and 
arry K. Pickering. The contributors report on investi- 
‘gations into the characteristics of human milk that exert 
specific beneficial effects on newborn infants. They 
| describe the mechanisms that produce such effects, 
~ | and they direct special attention to women who de- 
= d livered before term. 86, $49.00 


















COLPOSCOPY: A Scientific and Practical Approach to 
the Cervix, Vagina and Vulva in Health and Disease 
(3rd Ed.) by Malcolm Coppleson, Ellis Pixley and 
Bevan Reid. Precise histological correlations, excellent 
atlas features, and a sound approach to detection and 
management make this book essential reading to all 
who practice colposcopy. 86, $71.25 












< | VAGINAL HYSTERECTOMY: Indications, Technique, 
_ | and Complications (3rd Ed.) by Laman A. Gray. This 
->d thorough Third Edition encompasses indications for va- 
ginal hysterectomy; discusses the use of adrenalin to 
conserve blood; recommends prophylactic antibodies: 
and details complications related to cystocele and rec- 
tocele repair. 63, $53.75 












We fill all orders promptly « Books sent on approval 
MasterCard, Visa & prepaid orders sent postpaid 
Catalog sent on request + Write or call (217) 789-8980 





POSITION AVAILABLE 


A full-time position in the area of Reproductive Biclogy/ 
Endocrinology is available in the Department of OB/GYN. 
U.C. Davis Medical Center, Sacramento, California. Ap- 
plicants should be board eligible or certified in Obstetrics 
and Gynecology and preferably completed subspecialty 
training in Reproductive Endocrinology. Applicants must 
demonstrate skill and competence in microsurgery and 
be knowledgeable in the area of in vitro fertilization. 


Responsibilities include patient case management. par- 
ticipation in teaching activities, development and/or par- 
ticipation in research activities and involvement in Uni- 
versity and Hospital committees. 

Send curriculum vitae and five references to: 


Edward J. Quilligan, M.D. 

Chairman, Department of Obstetrics and Gynecology 
University of California, Davis, Medical Center 
1621 Alhambra Boulevard, Suite 2500 

: Sacramento, California 95816 
:: fo The final date for receipt of applications is “Open until 
_ [> filled, but not later than May 1, 1987.” 

The University of California is an Affirmative Action/ 
„Equal. Opportunity Employer. . | 
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Informed Consent™ Systems 2 

Videotapes: a 
Y reflect current patient education trends _ 
/ save time for the doctor and staff a 








Y offer improved legal protection for the 


¥ enhance goodwill with patients 
v use easy-to-understand diagrams and 
Y relieve patient worry and stress F 
Y improve comprehension thru visual pre 
/ include complimentary documentation foi 


Interested? 
Call 1-800-FILMTEC 
$25 off first purchase 





INFORMED f/orermenynse 


Position: 


Responsibilities 
To Be Fulfilied: 


Qualifications 
Desired: 


Salary: 


Employer: 


Application: 


_ The University of lowa = = 
-iowa City, towa 52242. - Eo 

























Professor and Head 
Department of Obstetrics 
and Gynecology 


Direct the education, researc! ar 
service programs of an Obste 
and Gynecology Department in 
College of Medicine. T 
M.D. degree, board certificatior 
equivalent and demonstrated clinicia 
scholar and leader in Obstetrics 
and Gynecology. co 
Appropriate for qualifications and. 
responsibilities for a Professor and 
Head of Obstetrics and Gynecology. 
Excellent fringe benefits. ie 
The University of lowa, lowa City, 


lowa 52242 is an Affirmative Action 
Equal Opportunity Employer. : 
Women and minorities are 
encouraged to apply. ws 
interested persons are invited to 
direct inquiries and submit vitae 
Dr. John Tinker, Professor and | 
Department of Anesthesia | 
College of Medicine DEE 
SE618 University Hospital =~ 
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Less withdrawal bleeding was experienced by patients 
given estrone plus a progestogen than by those given 
conjugated estrogens plus a progestogen.?> Studies suggest 
that at doses that control symptoms, estrone alone is less 
uterotrophic than conjugated estrogens. 


Women with no withdrawal bleeding, 
taking either OGEN 1.25 or 
conjugated estrogens 0.625 mg 
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WARNING: | 
PL ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. 
|: Three independent case contro! studies have shown an increased 
: nisk af endometrial cancer in postmenopausal women exposed to ex 
_ ogenous estrogens for prolonged periods. This risk was independent 
. of the other known risk factors for endometrial cancer These studies 
‘are further supported by the finding that incidence rates of endome- 
|. tial cancer have increased sharply since 1969 in eight different 
areas of the United States with population-based cancer reporting 
systems. an increase which may be related to the rapidly expanding 
. use of estrogens during the last decade. 
oe The three case control studies reported that the risk of endometn 
-i al cancer in estrogen users was about 4.5 to 13.9 times greater than 
į- in nonusers. The risk appears to depend on doth duration of treatment 
| and on estrogen dose. In view of these findings, when estragens are 
. used for the treatment of menopausal symptoms. the lowest dose 
|. that will control symptoms should be utilized and medication shouid 
‘be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a 
- semiannual basis to determine the need for continued therapy Al 
though the evidence must be considered preliminary, one study sug 
F gests that cyclic administration of low doses of estrogen may carry 
` Jess risk than continuous administration, it therefore appears prudent 
to utilize such a regimen. 
Close clinical surveillance of all women taking estrogens 1s impor 
tant. in all cases of undiagnosed persistent or recurring abnormal 
vaginal bleeding, adequate diagnostic measures should be underta. 
-ken to tule out malignancy. 
There is no evidence at present that “natural” estrogens are more 
ar less hazardous than “synthetic” estrogens at equiestragenic doses 


2. OGEN SHOULD NOT BE USED DURING PREGNANCY. 
According to. some investigators. the use of temale sex hormones. 
both estrogens and progestogess, during early pregnancy may se- 
| fiously damage the offspring. Studies have reported that females ex 
F. gosed in utero to diethylstiibestrol. a non-steroidal estrogen. have an 
| gicreased risk of developing in later fife a form of vaginal or cervical 
| cancer that is ordinarily extremely rare. In ane of these studies. this 
| risk was estimated as not greater than 4 per 1000 exposures. Further 

n more, there are reports that a high percentage of such exposed 
| women (from 3G to 90 percent) have been found to have vaginal ad 
1. enosis. epithelial changes of the vagina and cervix. Although these 

. -teported changes are histologically benign. the mvestigators have 
HOt determined whether they are precursors of adenocarcinoma 
Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies in the otf- 
pung, including heart defects and limb reduction defects. One case 
control study estimated a 4.7 foid increased risk of limb reduction 
“defects: in infants exposed in utero to sex hormones {oral contracep 
-Fo tives, hormone withdrawal tests for pregnancy, or attempted treat- 
‘| meni for threatened abortion). Same of these exposures were very 
-short and involved only a few days of treatment. The data suggest 
+ that the risk of limb reduction defects in exposed fetuses is some- 
- what less than 1 per 1000. 
| inthe past; female sex hormones have been used during pregnan- 

“ey in an attempt to treat threatened or habitual abortion. GEN has 
-ipot been studied for these uses, and therefore should nat be used 

: during pregnancy. There is no evidence from weil controlled studies 
4° that eer: effective for these uses. 

4 OGEN (estropipate tablets) is used during pregnancy, or if the 
-patient becomes pregnant while taking this drug. she should be ap- 
. prised of the potential risks to the fetus. and the question of continu- 
ation of the pregnancy should be addressed. 


` INDICATIONS AND USAGE 

The cyclic administration of OGEN (estropipate tablets) is indicated for 
“the treatment of estrogen deficiency associated with (See "DOSAGE AND 
ADMINISTRATION” section}. 

-Te Moderate to severe vasomotor symptoms of menopause. (There is 
ne. evidence that estrogens are effective for nervous symptoms or depres: 
sion. which might occur during menopause, and they should not be used to 
“heat these conditions.) 

->Z Atrophie vaginitis. 

~ 3, Kraurosis vulvae. 

4, Female hypogonadism. 

$. Female castration. 

6. Primary avarian failure. 

OGEN {ESTROPIPATE TABLETS) HAS NOT BEEN TESTED FOR 
EFFICACY FOR ANY PURPOSE DURING PREGNANCY. SINCE ITS 
EFFECT UPON THE FETUS IS UNKNOWN, IT CANNOT BE RECOM- 
nace ANY CONDITION DURING PREGNANCY (SEE BOXED 


ONTRAINDICATIONS 
OGEN should not be used in women with any of the following conditions: 
“$: Known or suspected cancer of the breast. 
2. Known or suspected estrogen-dependent neoplasia. 
“3. QGEN may cause fetal harm when administered to a pregnant 
woman. OGEN i$ contraindicated in women who are or may become preg 
nant (See Boxed Warning). 
A, Undiagnosed abnormal genital bleeding. 

H. Active thrombophlebitis or thromboembelic disorders. 
> B.A past history of thrombophlebitis, thrombosis, or thromboembolic 
disorders associated with previous estrogen use. 


WARNINGS 
‘daduetion af malignant neoplasms. Long-term continuous administra. 
of natural and synthetic estrogens in certain animal species has been 
feported by some. investigators to mcrease the frequency of carcinomas of 
the breast, cervix, vagina, and liver. There is now evidence that estrogens 
increase the risk of carcinoma of the endometrium in humans. (See Boxed 
Warning) 
“At the present time there is no conclusive evidence that estrogens 
given fo postmenopausal women increase the risk of cancer of the breast. 
-There are, however, a few retrospective studies which suggest a small but 
| statistically significant increase in the risk factor for breast cancer among 
. these women. Therefore, caution should be exercised when administering 
© estrogens to women with a strong family history of breast cancer or who 
- have breast nodules, fibrocystic disease, or abnormal mammograms. Care- 
‘ful breast examinations should be performed periodically. 
2 Gall bladder disease. A recent study has reported a 2 to 3-feld in- 
- crease i the risk af on pon confirmed gali bladder disease in women re- 
_ ceiving postmenopausal estrogens, similar to the 2-fold increase previous: 
‘ly noted in users of oral contraceptives. in the case of oral contraceptives. 
the increased risk appeared after two years of use: 
- 3. Effects similar to those caused by estrogen:-progestogen oral can: 
_ traceptives. There are several sericus adverse effects of dral contracep- 
- tives, most of which have not, up fe now, been documented as conse- 
quences of postmenopausal estrogen therapy. This may refiect the com: 
paratively low doses of estrogen used in postmenopausal women. t would 





fects, and, infact, it-has been shown that there ig an increased risk p 
thrombosis in women receiving estrogens for postpartum breast engorge- 
ment, 

a. TAremboembolic disease. it is naw well established that users of 
oral contraceptives have an increased risk of vations thromboembolic anc 
thrombotic vascular diseases, such as thrombophlebitis, pulmonary mbo- 
lism, stroke, and myocardial infarction. Cases of setinal thrombosis. 
mesenteric thrombosis. and optic neuritis have been reported in oral con- 
traceptive users. There is evidence that the risk af several of these ad- 
verse reactions is related to the dose of the drug. An increased risk of post- 
surgery thromboembolic complications has also been reported in users of 
oral contraceptives. H feasible. estrogen should be discontinued at least 4 
weeks before surgery of the type associated with an increased risk of 
thromboembolism; if should also be discontinued during periods of pro 
tonged nmmebilization. 

While an increased rate of thromboembolic and thrombotic disease is 
postmenopausal users of estrogens has not been found this does nat tule 
out the possibility that such an increase may be present or that subgroups 
ot women who have underlying risk factors or who are receiving relatively 
large doses of estrogens may have increased risk. Therefore estrogens 
should nat be used in persons with active thrombophlebitis or thromboem:. 
bolic disorders, and they shouid net be used in persons with a history of 
such disorders in association with estrogen use. They should be used with 
caution in patents with cerebral vascular or coronary artery disease and 
only fer those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day). compara- 
ble to thase used fa treat cancer of the prostate and breast, have been 
shown in a large prospective clinical tral in men to tacrease the rsk of 
nonfatal myocardial infarction, pulmonary embolism and thrombophlebitis. 
When estrogen doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive use shouid 
he considered a cleat risk. 

b. Hepatic adenoma. Benign hepatic adenomas appear to be associat 
ed with the use of oral contraceptives. Although benign. and rare, these 
may tupture and cause death through intraabdominal hemorrhage. Such te- 
sions have not yet been reported m association with other estrogen or pro- 
gestogen preparations but should be considered in estrogen users having 
abdeminal pain and tenderness, abdominal mass, or hypovelemic shock 
Hepatoceilutar carcinoma has also been reported in women taking 
estrogen-containing oral contraceptives. The relationship of this malignan- 
cy to these drugs is not known at this time 

c. Elevated blood pressure. increased biood pressure is not uncommon 
m women using oral contraceptives. There is now a teport that this may 
occur with use of estrogens in the menopause and blood pressure shouid 
be monitored with estrogen use, especially if high doses.are used. 

d. Glucose tolerance. A worsening of glucose tolerance has been ob- 
served in a significant percentage of patients on estrogen-contaming oral 
contraceptives. For this reason, diabete patients should be carefully ob- 
served while receiving estrogen. 

4. Hypercalcemia. Administration of estrogens may lead to severe hy- 
percaicemia in patients with breast cancer and bone metastases. Hf this 
acturs, the drug should be stopped and appropriate measures taken to 
reduce the serum calcium levei, 


PRECAUTIONS 
A. General Precautions. 

1. A complete medical and family history should be taken priar to the 
mifiation of any estrogen therapy. The pretreatment and periodic physical 
examinations should include special reference to blood-pressure. breasts, 
abdomen, and peivic organs. and should include a Papanicolau smear. As 
a general rule. estrogen should nof be prescribed for fonger than one year 
without another physical examination being performed. 

2. Fluid retention — Estrogens may cause some degree of fluid reten 
tion. Therefore, patients with conditions such as epilepsy. migrame, ang 
cardiac or renal dystunction, which might be influenced: by this factor, te- 
quire careful observation. 

3. Certam patients may develop undesirable manifestations of exces 
sive estrogenic stimulation, such as abnormal or excessive uterine bieed: 
ing, mastodynia, etc. 

4. Oral contraceptives appear to be associated with an increased inei 
dence of mental depression. Although it is not clear whether this is due te 
the estrogenic of progestogenic component of the contraceptive, patients 
with a history of depression should be carefully observed. 

§. Preexisting uterine leiomyomata may increase in size during estro- 
gen use. 

6. The pathologist should be advised of the patient's use of estrogen 
haray when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have anin- 
creased risk of recurrence of jaundice while receiving estrogen-containing 
orai contraceptive therapy. H jaundice develops in any patient receiving 
estrogen, the medication should be discontinued while the cause is ives. 
ligated. 

8. Estrogens may be poorly metabolized in patients with impaired liver 
function and they should be administered with caution in such patients. 

9. Because estrogens influence the metabolism of calcium and phos- 
phorus, they should be used with caution in patients with metabolic bone 
diseases that are associated with hypercaicemia or in patients with rena! 
insufficiency. 

B. information for the Patient. See text af Patient Package insert which 
appears after PHYSICIAN REFERENCES. 

C. Drug interactions. The concomitant use of any drugs which can induce 
hepatic microsomal enzymes with estrogens may produce estrogen levels 
which are jower than would be expected from the dose of estrogen admmn- 
istered, 

The use of dread spectrum antibiotics which profoundly effect mesti- 
nal fora may influence the absorption of steroidal compounds including 
the estrogens. 

Diabetics receiving sylin may have increased insulin requirements 
when receiving estrogens. 

Laboratory Test interference. Certain endocrine and ‘iver function tests 
may be affected by estrogen containing oral contraceptives. The following 
similar changes may be expected with larger doses of estrogen: 

a. increased sullobromaphthalein retention. 

b increased prothrombin and factors Vil, Vill, IX. and X; decreased an- 
lithrombin 3; increased norepinephrine- induced platelet aggregabidity. 

c. Increased thyroid binding globulin {TBG} leading to mereased cH- 
culating total thyroid hormone, as measured by PBI. T4 by columna. or ¥4 
by radioimmunoassay. Free 13 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. 

d. Abnormal glucose tolerance test results. 

e. Decreased pregnanedio! excretion. 

t. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration. 

D. Carcinogenesis. Studies have shown an increased risk of endometrial 
cancer in postmenopausal women exposed to exogenous estrogens for 
prolonged periods (see Boxed Warning). At the present dime there is RO 
conclusive evidence that estrogens given to postmenopausal women in- 
crease the risk of cancer of the breast. There are. however, a few retro- 
spective studies which suggest a small but statistically significant increase 
in the risk factor for breast cancer among these women. (See “WARN- 
INGS” section) 

E.. Pregnancy. Pregnancy Category X, See “CONTRAINDICATIONS” section 
and Boxed Warning. 

F. Nursing Mothers. Estrogens have been reported to be excreted in 


human breast milk, Caution should be exercised when OGEN is adminis: - 


tered to a nursing woman. 
G. Pediatric Use Because of the effects of estrogens on epiphyseal clo 


sure, they should be used judiciously. in young patients in whom bone- 


growth is not complete. 









be expected that the larger ‘doses of estrogen used 10 treat postpartum oe A VERSE 
: breast engorgement would be more fikely to result io these adverse ef. : 








and adverse eff 
thromboembolisay. k iditionat adver 
ing order. of severity within category have 
trogenic therapy. including oral contraceptives: 


1. Genitourinary system, 
increase in size of uterine 
Vaginal candidiasis, — 
Cystitis-like syndrome. 
Dysmenorrhea. 
Amenorrhea during and after treatment. 

Change in cervical eversion and in degree of cervical secretion. 
Breakthrough bleeding, spotting, change in menstrual flow. 
Premenstrual like syndrome. 

2. Breast. 

Tenderness, enlargement, secretion. 

3. Gastrointestinal 

Chefestatic jaundice. 

Vomiting, nausea. 

Abdominal cramps. bleating. 

å. Sia. 

Hemorrhagic eruption. 

Erythema nodosum. 

Erythema multforme. 

Hirsutism. 

Chinasma or melasma which may persist when drug is discontinued. 
Loss of scaip har. 

5. Eyes. 

Steepening of comeat curvature. 

intolerance io contact lenses. 

6. ONS. 

Cherea. 

Menta! depression. 

Migraine, dizziness, headache. 

7. Miscellaneous. 

Aggravation of porphyria. 

Edema. 

Reduced carbehydrate tolerance. 

increase ot decrease in weight 

Changes in Hbde. 


OVEROOSAGE 

Numerous reports of ingestion of yet doses of estrogen-containing oral 
contraceptives by young children indicate that serious dl effects de not 
occur Overdosage of estrogen may cause nausea and withdrawal bleeding 
may occur in females. 


DOSAGE AND ADMINISTRATION 
1. Given cycticaily for short-term use: 

For treatment of moderate to severe vasomotor symptoms, atrophic 

vagn itis. or kraurosis vulvae associated with the menopause. 
he lowest dose that will control symptoms should be chosen and medi- 
cation should be discontinued as promptly as possible. 

Administration shouid be cyclic {e.g., ; weeks on and | week off). 

Attempts to discontinue or faper medication should be made at 3 to 6 
month intervals. 
Usual dosage ranges: 

Vasomotor symptoms Öne OGEN 625 {estropipate) Tablet to one 
OGEN 5 Tabiet per day The lowest dose that will control symptoms 
should be chosen. H the patient has not menstruated within the last two 
months or more, cyclic administration is started arbitrarily. If the patient is 
menstruating. cycite administration is started on day 5 of bleeding. 

A ic vaginitis and kraurosis vulvae — One UGEN 625 Tablet to 
one OGEN 5 Tabte: daily, depending upon the tissue response of the indi- 
vidual patient. The lowest dose that will contro! symptoms should be 
chesen Administer cyclically, 

2. Given cyctically: 
Female hypogonadism: female castration: primary ovarian failure. 

Usual dosage ranges: 

ism — A daily dose of one OGEN 1.25 Tablet to 
three OGEN 2.5 Tablets may be given for the first three weeks of a theo- 
retical cycle, follewed by a rest period of eight tc ten days. The lowest 
dose that will control symptoms should be chosen. if bleeding does not 
occur by the end of this period, the same dosage schedule is repeated. The 
number of courses of estrogen therapy necessary to produce bleeding may 
vary depending om the responsiveness of the endometrium. If satisfactory 
withdrawal bleeding does not occur, an oral progestogen may be given in 
addition to estrogen during the third week of the cycle. 

female castration and primary ovarian failure — A daily dose of one 
OGEN 1.25 Tablet to three OGEN 2.5 Tablets may be given for the first 
three weeks of a theoretical cycle, followed by a rest period of eight to 
ten days. Adjust dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, adjust dosage to 
lowest ievel that will provide effective control. . 

Treated patients with an intact uterus should be monitored closely for 
signs of endometrial cancer and appropriate diagnostic measures should 
be taken to rule out malignancy in the event of persistent or recurring ab. 
normal vaginal Gleeding. 


HOW SUPPLIED . 
OGEN (estropipate tablets, USP) is supplied as UGEN 625 (0.75 mg estro 
pipate). yellow tablets, NDC 0074-3943.04, OGEN 1.25 (1.5 mg estropi- 
pate). peach-colored tablets, NDC 0074-3946-04, OGEN 2.5 (3 mg estro- 
pipate). blue tablets. NDC 0074-3951-04. and OGEN 5 (6 mg estropi- 
pate). light green tablets, NDC 0074-3958-13. Tablets of ali four dosage 
levels are standardized to provide uniform estrone activity and are 
coved (Divide Tabt) to provide dosage flexibility. AN tablet sizes of 
GEN are availabie in bottles of 100. 
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- ossificans progressiva 


Yvonne S. Thornton, M.D., Stanley J. Birnbaum, M.D., and Nancy Lebowitz, M.D. 


New York, New York 


Myositis ossificans progressiva is a rare autosomal dominant disorder characterized by a progressive 
ectopic ossification of the connective tissue of the voluntary muscles and ligaments with associated 
debilitation and characteristic skeletal malformations. There have been less than 600 cases in the 
literature. This is the first reported case of a viable pregnancy in a patient with myositis ossificans 


progressiva. (Am J Oastet Gynecol 1987;156:577-8.) 


Key words: Myositis ossificans progressiva and pregnancy, fibrodysplasia ossificans 


progressiva and pregnancy, pregnancy 


Myositis ossificans progressiva, also known as fibro- 
dysplasia ossificans progressiva, is usually manifested 
before the age of 20 in 98% of patients. The clinical 
features include microdactyly, reduction defects of all 
digits, deafness, baldness of the scalp, and mental re- 
tardation. The term myositis is misleading, since most 
of the pathologic features suggest primary involvement 

_ of the connective tissue and the muscles are not in- 

- flamed. The major defect is dysplasia of fibrous and 

i connective tissue. The initial manifestation closely re- 

r sembles that produced by inflammation of the muscles, 
being red, swollen, and painful. The progressive nature 
of this debilitating disease soon demonstrates fixation 
of one or both hips, usually during adolescence. 

Life expectancy is thought to be shortened in the 
patient with myositis ossificans progressiva. Patients 
usually die of respiratory infections and pneumonia 
due to the general immobility and complete fixity of 
the chest. This is the first reported case of a viable 
pregnancy in a patient with myositis ossificans pro- 
gressiva. 





Case report 


A. M., a 27-year-old white, Rh-negative woman, grav- 
ida 2, para 0-0-1-0, whose last menstrual period was 
October 1985, was transferred to our medical center 
at 26 weeks of gestation with a 10-day history of spon- 
taneous rupture of the membranes. The patient had 
been diagnosed as having myositis ossificans progres- 
siva since the age of 3 with ankylosis of the spine and 
temporomandibular joint as well as combined restric- 
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A viable pregnancy in a patient with myositis 


total inability of the: f 


tive and obstructive pulmonary disease. The: į 
was fixed in the fetal position with marked rigi lity 
had been confined to a wheelchair since 1975, 
minimal use of the left lower extremity and the € 
upper extremities. The patient had absolute ina 
to abduct the hips. Conception occurred in the K 
chest position. 
Her past obstetric history was significant for aspon 
taneous abortion at 16 weeks of gestation in 1983, wl 
was uncomplicated and did not require dilatation and 
curettage. i 
This pregnancy was uncomplicated until 10 days. 
fore her transfer, when she had spontaneous ru 
of the membranes. She presented to the referrin: 
pital 2 days after rupture of the membranes. Cu 
at that time were positive for group B B-hemoly 
streptococci, for which she had received amoxicillin 
7 days. 2 
After administration of dexamethasone, the patie 2 
was transferred to our obstetric service for furthe 
management of this complicated pregnancy. 
Physical examination on admission revealed stable 
vital signs with a temperature of 36° C. The patient was 
wheelchair bound with multiple contractures and se- 
vere involvement of the elbows and lower extremities 
The patient was unable to open the mouth or to flex 
or extend the neck. The lungs had decreased breat 
sounds at both bases. The fetal heart rate was 130 bpm. 
Anesthesia, rheumatology, pulmonary disease, and otos > 
rhinolaryngology consults were obtained. The patient 
had widespread multiple areas of heterotopic bone for- 
mation with ankylosis of the temporomandibular joint _ 
and entire spine, from the cervical to the sacral region, 
secondary to ossification. Ultrasound examination at 
the ume of transfer to our hospital revealed a biparie 
diameter consistent ea 26. 4 werk E T The s es 























niotic fluid. i 
The major concern about mii patient was: the 10 

of delivery and the an n 

delivery. Vaginal deli 





y was s imnpossible béca ; 
ent to abduct the hi os. Re 










ck was S inposible bank of the ankylosis of the 
spine. Oral intubation was not feasible because 
the temporomandibular joint ankylosis. Fiberoptic 
guided nasal intubation with a bronchoscope was a pos- 
bility but there was a significant risk of bleeding and/ 
or trauma with subsequent airway occlusion. Trache- 
ostomy was not considered because of possible ossifi- 
cation of the trachea, which would jeopardize the air- 
way in the future. Therefore local anesthesia was the 
nly safe alternative for this patient. 
“During her hospitalization, the patient remained afe- 
brile, and the leukocyte count remained within normal 
mits. Results of a C-reactive protein test were posi- 
» and vaginal cultures were negative for group B 
x hemolytic streptococci. The plan of management was 
onservative. The patient had serial antepartum fetal 
art rate- tests and ultrasonographic evaluation that 
evealed appropriate fetal growth with reactive non- 
ess. testing. An elective cesarean section was to be 
srformed when the patient completed 30 weeks of 
tion; however, 1 week before that stage of gesta- 
the patient had a nonreactive nonstress test. A 
taneous contraction stress test was negative and 
siophysical profile score was 6. With the possibility 
mminent delivery, the patient was given Celestone 
ontinuously monitored. During the continuous 
itoring, the fetal heart rate showed several late de- 
tions and the decision was made to perform a 
an section for fetal stress. 
cal anesthetic was administered, with a dose of 
| mg/kg of 0.5% to 0.75% lidocaine (5 to 7.5 
ml) in order to avoid local anesthetic toxicity. A total 
to 60 ml of 0.5% lidocaine infiltrated the skin to 
ritoneum and a classical cesarean section was per- 
ed with a delivery of a live female infant weighing 
rm. Apgar scores were 6 and 9, at 1 and 5 minutes, 
“respectively. The cesarean section proceeded without 
incident and a bilateral tubal ligation was performed 
at that time. 
: -The patient’s course was benign with good wound 
‘healing. She received Rh immune globulin and was 
discharged in good condition without worsening of pul- 
-monary status. The infant was taken to the neonatal 
‘intensive care unit for observation. The 29-week female 
infant had mild respiratory distress and abnormal pos- 
uring and alignment secondary to the decreased in- 
“trauterine amniotic fluid. The sepsis evaluation was 
“negative. There were no skeletal abnormalities. The 
nfant continued to thrive and was discharged after 30 
"days, weighing 1520 gm, to be followed up in the nurs- 
-ery of the referring hospital. 







































































Myositis ossificans progressiva | tal dom- 
inant disorder and it has been suggested that adv inced 
paternal age is the most important factor in the occur- 
rence of new mutations. Contrary to an earlier report 
of Connor and Evans,' patients with myositis ossificans 
progressiva are fertile and are capable of maintaining 

a pregnancy. 

In this patient with myositis ossificans progressiva, as 
pregnancy progressed with uterine enlargement, wors- 
ening of restrictive pulmonary disease was inevitable. 
With the complete immobility of the patient, the preg- 
nancy also placed her at a higher risk for thromboem- 
bolic disease. Smith? reported exacerbation of the myo- 
sitis ossificans, as well as poor wound healing and os- 
sification of the scar tissue after operation. This was 
not the case in this patient. 

A major concern in this case was the risk of anes- — 
thesia. This was minimized by the use of local anesthetic a 
with an emergency support system of fiberoptic nasal 
intubation. : i 

The management of myositis ossificans progressiva i : 
is conservative. Surgical removal of ectopic bone alone 
is invariably followed by recurrent ossification and 
should therefore be avoided. 

Despite the good outcome in this case, the potential 
life-threatening risks of pregnancy should be discussed 
with the patient with myositis ossificans progressiva be- 
fore conception. Because this is an autosomal dominant 
disease that carries a 50% risk of transmission to off- 
spring in addition to severe physical limitations that 
significantly impair the patient's ability to care for her 
infant, elective sterilization should also be discussed - 
with the patient. 


We would like to thank Dr. Hamid Mootabar for 
referring this most interesting patient to our obstetric 
service for definitive care and delivery. 
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New Haven, Connecticut 


Fetal gender was prospectively determined by ultrasonography in 115 patients with sing letöri pregnancies 

between 16 and 20 weeks of gestation. Gender determination was performed as a part of the sonographic 

examination preceding genetic amniocentesis. and the results were compared to the amniotic fluid fetal 

karyotype results. Our rate of visualization of the fetal external genitalia was 83.5%. The accuracy rate for 

_ gender determination was 90% in male infants and 100% in female infants, with an overall rate of 
prediction of 92.7%. (Am J Oustet Gynecot 1987;156:579-81.) 


‘Key words: Ultrasound, fetal sex, fetal gender, prenatal diagnosis 


Throughout centuries, guessing about the sex of an 
unborn child has been a popular topie among expectant 
parents and their families. Until recently, fetal gender 
determination has been purely speculative. Improved 
resolution of ultrasound equipment has made it pos- 
sible to visualize the fetal genitalia. Most studies are 


=a. done beyond 20 weeks of gestation, when this infor- 


< mation i is often of sociologic interest only. Few studies 
have confined themselves to the early second trimester 


16 to 20 weeks). when this information may have a 





medical impact, especially in cases of sex-linked dis- 


eases. The purpose of this communication is to report 
the results of a prospective study between 16 and 20 
weeks, in which gender determination was assigned on 
the basis of sonographic criteria and confirmed by am- 
niotic fluid karyotype results. 


Subjects and methods 


Our study population consisted of 115 patients with 
singleton pregnancies who were referred for genetic 
amniocentesis between 16 and 20 weeks’ gestation. 
Gender determination was performed as a part of the 
sonographic examination preceding the amniocentesis 
procedure, The gestational age was based on the last 
menstrual period and its correlation with various so- 
nographic measurements. The ultrasound machines 
used in this study were equipped with 3.0 or 3.5 mHz 
linear-array real-time transducers (Acuson 128, Acu- 
son, Inc., Mountain View, California: General Electric 
RT 3000 and RT 2600, General Electric Medical Sys- 
tems Div., Milwaukee, Wisconsin). All scans were ob- 
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in ultrasonography replace amniocentesis in fetal gender 
termination during the early second trimester? 


- E. Albert Reece, M.D., Hung N. Winn, M.D., Macor Wan, M.D., Carol Burdine, R.D.M.S., 
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tained by two experienced sonographers. Fetal gende 
was prospectively assigned on the basis of imaging 
the fetal external genitalia. This was accomplished 
use of two planes of orientation, longitudinal and tra! 
verse views of the fetal pelvis, and with tilting o 
transducer at ee bandas to nove the — t 




















ae ey age die testes are a a dad ne : 
not be visualized. Gender was designated as fem 
the labia majora were visualized (Fig. 2). G 1 
not assigned when there was uncertainty. The fin 
der determination was based on the amnio c 
karyotype results. n 














Results | 
The results are summarized in Table 1. Amon; 
fetuses examined, fetal external genitalia were v 
ized with clarity for gender determination in 96. fetuse 
(83.5%). In 70 fetuses (60.9%) who were sonographi- 
cally assigned as male, chromosome analysis confir me 
63 male fetuses (54.8%) and seven female fetuses 
(6.1%). Thus the true positive rate for male gender wa 
90%. All 26 fetuses assigned female by sonogri aphic 
examination were confir med to be female by chro- 





deler acon was 99.7 7%. 


“Ommen 


ond trimester is cr pacar in eel aa ne 
management of many medical conditions. In certain. 
X-linked recessive disorders, the only relevant infor- ` 
mation obtained from oe amniocentesis is the =~ 
fetal sex. T : 
ultrasonogr woh me aek oa of accuracy w ae 
out the risk of pregnancy complications associated with 


879 










Fig. L The male external genitalia with penis (p) and scrotum Fig. 2. Ultrasound picture demonstrating the female external 





) are demonstrated in a fetus of 18 weeks’ gestation. Upper genitalia in a fetus at 18 weeks of gestation. Labia majora (im) 
panel represents a cross-sectional view of the fetus at the level were seen. Upper panel represents a transverse view of the 
of the hip joint. With further ulting of the transducer the pelvis at the level of the hip joint. Lower panel shows | labia 


penis and scrotum are clearly seen (lower panel). majora (im) when the transducer was slightly tilted. 


Table I. Gender determination in 115 fetuses between 16 and 20 weeks of gestation with the use 


f ultrasonography 
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: a | Ultrasound gender determination 
; fe E Male 2 Female : Not assigned Total 
 Ammotic flud oo l EAE 
ETI ABRY 63 54.8 0 be 1 9.6 74 64.4 
pale “AG RK 7 6.1 26 22.5 8 6.9 41 35.6 
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True positive rates: 


l 63 7 a 
Male fetuses = 70 x 100 = 90% 
7 
Female fetuses = 36 x 160 = 100% 


. 89 
Overall Tis x JOO = 92.7% 
5 










nniocentesis. “Identification of a male fetus would 
prompt further study. In other sex-limited diseases 
such as posturethral valve obstruction, identification of 
a female fetus essentially rules out this disorder as a 
cause of fetal obstructive uropathy. In twin gestations 
-with fetuses of different. gender, ultrasonography can 
_be useful in determining to which fetus a respective 
chromosome composition belongs. 

In the gestational period between 16 and 20 weeks, 
rates of visualization of the fetal external genitalia have 
ranged from 15% to 40%, and error rates in those 
fetuses with sonographically visible external genitalia 
have ranged from 4% to 12%.' We were able to visualize 

the external fetal genitalia 83.5% of the time with a 
diagnostic accuracy rate of 92.7%. These results are 
-comparable to those of Natsuyama,’ in which he re- 


ported a 90% accuracy rate and visualization rates of 


68% to 97%, depending on fetal position during the 
period of 15 to 19 weeks of gestation. His technique 


Atraumatic removal of secretions from the prepubertal vagi a 


$ asan F. Pokorny, M.D., and Jane Stormer, L.V.N. 
et ‘Texas 
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Key words: Vaginal secretions, prepubertal, vulvovaginitis, sexual abuse 


Anxiety is common among physicians who need to 
obtain secretions from the vagina of a prepubertal 
child. Because children rarely comply with these pro- 
cedures, there is a chance of iatrogenic damage to the 
thin, delicate, unestrogenized mucosa of the genital 
tract. Furthermore, because these procedures can have 
long-lasting psychosocial effects, manipulation of the 
genital tract should be performed cautiously. 

Techniques described in most textbooks for obtain- 
ing vaginal secretions are far from ideal. ° They can 
be traumatic and yield only small amounts of material. 
| Q-tips are abrasive to the unestrogenized mucosa and 
= < should not be used. Eye droppers, pipettes, and plastic 
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Arde vagina! secretions for laboratory tests are difficult to obtain from the prepubertal girl. A simple 
atraumatic technique for obtaining several milliliters of vaginal secretions is described. This is extremely 
useful for the clinician evaluating the child with vulvovaginitis and/or possible sexual abuse. {Am J OBSTET 





















utilized multiple planes and sections as well as the ide 
tification of specific bony landmarks. He indicated tha 
such complicated maneuvers would possibly be- bes 
suited for purely scientific interests. Our technique use: 
simple transverse and longitudinal planes, suited or 
routine ultrasound. Oe 

The results of our study demonstrate that a | 
determination during the early second trimester v 
the use of ultrasonography is possible with a high d 
gree of accuracy. This information can be useful. in 1 
decision making and subsequent management of cer 
tain cases. : 
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cannulas are smooth and unabrasive but can 
trauma secondary to inadvertent patient moven 
Any single-chambered tube or cannula placed ina s 
vagina will be sucked against the vaginal wall whe 
effort is made to withdraw secretions, making t i 
of material very small. Furthermore, the -sucti¢ 
quently alarms the child. oe 
We have developed a very satisfactory. a 
method for obtaining adequate vaginal se 
use of a catheter-within-a-catheter. The oute 
holds the vaginal wall away from the inner ¢ 
through which the diluting solution is inject 
withdrawn from the vagina. The two catheters are 
tained by cutting (with a sterile technique) 4 inche: 1 
the distal end of a No. 12 bladder catheter ; 
proximal (hub end) 41% inches of an intrave 
terfly catheter. The i bunerfiy tating is i 








a. ae 





ae ml syringe 





d. STORMER 


prepubertal patients. 


-to the hub of the “butterfly” tubing (Fig. 1). This makes 
-a catheter-within-a-catheter that can be gently inserted 
“into the vagina of the child. Should the child move 
suddenly, the examiner can brace the insertion hand 
` against the thigh of the child and the catheters remain 
oin place. Although some children report that they “feel” 
-the insertion, once the catheter is in place, none have 
= reported a painful experience. 
~~ Once the catheter is inserted, the examiner can al- 
- -ternately inject and aspirate the small amount of di- 
luting fluid a few times to obtain a good admixture of 
- -material from the upper vagina and then quickly with- 
~ draw the whole apparatus after drawing the material 
“back into the syringe. Depending on the situation, the 
- examiner can obtain from one atraumatic proc edure 
enough fluid for the following: an examination for 
© sperm particles and acid phosphatase, a Gram stain, 
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r aoni: as well as other related antiestrogen com- 
oe pounds, seems to have some estrogen-like effects and, 
-like estrogens, underwent translocation from the cy- 
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Fig. 1. Assembled catheter-within-a-catheter, as used to obtain samples of vaginal secretions from 


a gonorrheal culture, a chlamydial culture, a “wet 
mount,” and other cultures as needed. 

Many children with vulvovaginitis go through need- 
less courses of creams and antibiotics because the in- 
fectious organism is never identified. Many children 
who have been sexually exploited have their stories 
unsubstantiated because material for forensic rape kits 
and/or cultures is never obtained. It is hoped through 
use of the technique described in this paper that the 
management of children with these common pediatric 
gynecology problems will be improved. 
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‘Preliminary report on the use of tamoxifen in the 


‘Tamoxifen, an antiestrogen, was used in the treatment of two women with a long-standing history of 

endometriosis. After a 6-month period of treatment, both patients were symptom free and both showed a 
marked decrease in the size of their endometriotic lesions. It was significant that ovulation was 
documented in both patients while receiving the treatment regimen. The use of tamoxifen as an alternative 
odality | in the treatment of endometriosis, especially for women desiring to conceive, iS discussed. (Am J 


toplasm to the nucleus. However, in contrast to 17B- 
estradiol, the antiestrogen receptor complex. exhibited k 
long-term nuclear retention resulting in early estrogen- 
like responses but a later manifestation of estrogen an- 
tagonism by failing to teplori the ET estros o S 
gen receptors. se 

In this preliminary study we repòrt on the use 
antiestrogen tamoxifen in ‘the treatment 
of endometriosis which | were - unresponsiv o 

























~ therapeutic modalities currently in use such as danazol 


or the estrogen/progestin combination oral contracep- 
tive. 


Case reports 


Case 1. This patient came to medical attention when 
she presented at age 29 with signs and symptoms of an 
acute abdomen. At laparotomy she was found to have 
a ruptured endometrial cyst of the right ovary. She had 
endometrial lesions on the sigmoid colon, with adhe- 
sion of the rectosigmoid to the postericr cul-de-sac. The 
left ovary had a small 2 cm cyst, while both tubes ap- 
peared normal. 

On discharge from hospital she was to receive 200 
mg of danazol three times daily. She continued the 
administration of danazol for 3 months, after which 
treatment was switched to an estrogen/progestin com- 
bination oral contraceptive, which she received for a 
period of 6 months. 

The patient was next seen 9 months later with a his- 
tory of reactivation of endometriosis, especially bowel 
symptoms. She was restarted on a 9-month course of 
darazol, at the end of which she underwent a diagnostic 
laparoscopy and laparotomy. Findings at laparotomy 
showed dense adhesions throughout the pelvis. Bilat- 
eral salpingoovarioplasty and lysis of adhesions were 
carried out, and the patient was observed over a period 
of | year during which time she tried unsuccessfully to 
_ conceive. Meanwhile her symptoms worsened rapidly 
_with clinical evidence of significant uterosacral ligament 
thickening. 

In view of the extreme pain she was enduring which 
was not responsive to analgesics or antiprostaglandins, 
tamoxifen therapy was suggested to her in lieu of the 
radical surgical treatment that she was now insistently 
demanding. She was started on a protocol of 10 mg of 
tamoxifen (ICI Pharma) twice daily for a clinical 
trial period of 6 months, to be followed by a diagnostic 
laparoscopy. 

Case 2. This patient was seen at age 24 with a 6-year 
history of severe dysmenorrhea and irregular inter- 
menstrual bleeding. She had been receiving oral con- 
traceptives intermittently for a period of 8 years. Her 
physical examination at the time was within normal 
limits, and the oral contraceptives were continued. Two 
years later she opted to stop using the oral contracep- 
tives and tried unsuccessfully to conceive in spite of a 
negative infertility workup. She now complained of in- 
creasing pelvic pain, dyspareunia, and dysmenorrhea. 
Clinical examination revealed prominant nodularity of 
her uterosacral ligamants. 

Laparoscopy revealed scattered endometriotic le- 
sions in the posterior cul-de-sac and on the uterosacral 
Jdigaments. The tubes seemed free of lesions but were 
adherent and showed some degree of obstruction with 


~hydrotubation. The ovaries had several small endo- 


| “ metriotic lesions. 

The patient was next treated with danazol for a pe- 
- riod of 8 months, which was followed by a recurrence 
| of her symptoms after discontinuation of the drug. A 





second 6-month course of danazol failed to improve 
her condition, and she still failed to conceive. After: 


discussion with the patient, tamoxifen therapy was sug- 
gested, and she agreed to a 6-month trial period to be 
followed by a laparoscopy. 

Serial determinations of serum levels of follicle-stim- 
ulating hormone, luteinizing hormone, and progester-. 


one were carried out during the midluteal phase of the : 


patients’ menstrual cycles both before and after treat- 
ment with tamoxifen. Concurrent with the treatment, 
the patients were asked to keep a diary, recording any 
symptoms they incurred during the treatment period. 
Both patients were seen and examined at 6-week in- 


tervals for subjective and objective evaluation of their > 


condition and for documentation of any clinical signs 
of improvement. Patient A recorded her basal body 
temperatures throughout the study period. At the end — 
of a 6-month tamoxifen regimen both patients under- 
went a diagnostic laparoscopy. 


Results 


The hormonal profile documented over the 6-month = 


study period was as follows: The levels of serum follicle- 
stimulating hormone, luteinizing hormone, and pro- 
gesterone were as expected for day 19 of the control - 
or pretreatment cycle. Treatment with tamoxifen did. 
not result in significant changes in the levels of any of- 
the hormones assayed. Progesterone levels at midhuteal 
phase were consistent with ovulation throughout the 6- 
month treatment period. 

Subjectively both patients complained of hot flushes, 
which were more frequent early in the treatment pe- 
riod. They both also noted increased fatigue and con- 
stipation. One of the patients noted an exacerbation of 
acne. It is significant that they both noted that all of | 
their symptoms were relatively less pronounced than. 


during their treatment with danazol, and neither pa- 


tient complained of breast tenderness. Menses was nor- 
mal and no voice change or hair loss was noted. Both Sy 
were symptom free 6 months after treatment. — > 

Clinical examination of Patient 1 showed no ims 
provement after 6 weeks of treatment with the thick- — 
ening of the uterosacral ligaments quite prominent and 
tender. By 12 weeks, however, there was less tenderness 


and by 6 months there was minimal clinical eviden ce cae 


of cul-de-sac scarring. 

Patient 2 showed marked improvement during treat- 
ment but the symptoms recurred, albeit to a lesser de- 
gree, 3 to 4 months following discontinuation of treat- 
ment with tamoxifen. 


Laparoscopic examination at the end of the treat- 7 A 
ment period was very rewarding. We found very litle g 


evidence of endometriotic lesions except for an occa- 
sional trace of inactive endometriosis. pe 
Neither of the patients became pregnant, although — 
both did document regular ovulation while rece’ ving 
tamoxifen therapy. 7 | 
































































estrogens are nonsteroidal compounds capable 
agonizing many of the actions of estrogens. In 
‘icular, these compounds have been shown to sup- 
ress estrogen-stimulated uterine growth in a variety 
of animal species and to cause the regression of hor- 
- mone-dependent mammary tumors as well as to inhibit 
the growth of estrogen receptor containing human 
“breast cancer cells.’ * They also tend to alter gonado- 
rophin secretion patterns in premenopausal women.° 
The study of these compounds was initially 
` prompted by the search for an effective contraceptive 
í agent; however, they are now viewed with more interest 
for their capacity to control the growth of hormone- 
ependent neoplasms, particularly tumors of the 
breasts and more recently for the induction of ovulation 
n women with luteal phase deficiency.“ 

The hormone responses to short-term administra- 
tion of tamoxifen for induction of ovulation have been 
udied by a number of authors*®"! Groom and 
ffiths” observed a twofold to eightfold increase in 
diol levels during the test cycles, which was most 
ounced at the times of midcycle and midluteal 
peaks. 
E he. plasma concentrations of luteinizing hormone 
did not vary from control levels and those reported for 
‘mal ovulatory women.” There was a slight increase 
observed in plasma progesterone concentrations after 
moxifen treatment.” 

imilar results were obtained by Sherman et al.* who 
udied | the effects of long-term administration of ta- 
oxifen in premenopausal women. In their report all 
ibjects continued to have regular menses with biphasic 
basal body temperature records. The mean estradiol 
concentration at the midcycle peak and during the lu- 
teal phase was twice that observed during the nontreat- 
-ment cycle. They also observed that the concentration 
and secretory patterns of luteinizing hormone and fol- 
licle-stimulating hormone were not greatly changed. 
e integrated luteal phase progesterone concentra- 
ons during tamoxifen cycles were increased over those 
trol cycles although the secretion pattern ob- 
d was similar to that in nontreated women. 

=: heir study of tamoxifen as a treatment for luteal 
e deficiency Fukushima et al.° found 10 of 12 en- 
etrial specimens obtained during the midluteal 
h: e of tamoxifen cycles to have a maturation delay 
2 or more days in spite of normal levels of progestin 
nd estradiol concentrations. 

Using treatment with tamoxifen (10 mg daily for 
Ë days) i in patients with ovulatory menometrorrhagia, 
_ El-Sheikha et al." reported that the appearance of the 
aA endomen diring: the luteal -phase of the treated 









































sy prepare ed endometrium nby estrogen; Sim- 





öf treatment with tamoxife 





ilar results were obtained w Fukusl uma 


study of the effect of tamoxifen and médroxypro ges- Be 


terone acetate on human endometrial estrogen and — 
progesterone receptor concentrations, Kokko et al." 
noted a decreasing trend of both estrogen and pro- 
gestin cytosol receptor concentrations but little effect 
on nuclear estrogen and progestin receptors. In the 
same study the administration of medroxyprogester- 
one acetate together with tamoxifen significantly in- 
creased the concentration of endometrial nuclear es- 
trogen receptor over that of control endometrium 
taken on day 23 of the cycle. They concluded that ta- 
moxifen may inhibit the estrogen-mediated synthesis 
of progesterone receptors in the endometrium during 
the early secretory phase of the menstrual cycle, re- 
sulting in delayed endometrial maturation despite 
normal progesterone and estradiol concentrations. In 
spite of these findings, Fukushima et al.’ reported 
successful pregnancies in six of 17 patients treated with 
a short-term tamoxifen regimen (10 mg daily for 
5 days). 

Coutinho" in 1982 reported on the use of a synthetic 
antiestrogen/antiprogesterone compound, gestrinone, 
for the treatment of endometriosis. The compound, a 
synthetic trienic 19-steroid has an affinity for proges- 
terone receptors and an antiestrogenic effect in spite 
of the fact that it does not bind estrogen receptors. It 
was given in a dose of 5 mg twice weekly to women 
with endometriosis, and the author noted that all the 
subjects were symptomless by the end of the third 
month of treatment. These patients, however, became 
amenorrheic at the end of the second month of treat- 
ment. In the same study five of nine women who had 
the potential and desire to conceive did so over a period 
of three to 14 months after the discontinuation of the 
drug. 

Tamoxifen was used for the treatment of two cases 
of endometrial stromal tumors which were positive for 
estrogen receptors in the tumor tissue. The authors, 
however, report a deterioration of the patients’ con- 
ditions with progression of their tumors. 

In our study the administration of tamoxifen (10 mg 
twice daily) did not seem to alter the secretory patterns 
of luteinizing hormone and follicle-stimulating hor- 
mone; moreover, the concentrations of progesterone 
at or around day 20 of the treatment cycles indicated 
ovulation during tamoxifen therapy. These results are 
in agreement with those of Sherman et al.° who studied 
the effect of long-term administration of tamoxifen to 
premenopausal women. 

Although neither of the patients did- conceive, both 





were relatively symptom free during the treatment pe- a 









riod, and laparoscopic | evidence i 
regression of their endometriotic 





The fact that the two o patie ts 






po ntially. conceive while receiving treatment raises the 

roblem of teratogenicity in the fetus. A careful search 

of the literature showed a paucity of reports concerning 

the teratogenic effects of tamoxifen in humans. In rats, 

-Chamness et al.” have shown that tamoxifen admin- 
istered to newborn female animals caused abnormali- 
ties in reproductive development. These authors found 
that vaginal opening occurred early, cycles were absent, 
and at 4 months of age all ovaries and uteri were atro- 
phic while oviducts showed severe metaplasia with ab- 
scess formation. 

Similar observations, also in the rat, were made by 
Clark et al."* who noted hypertrophied and hyperplastic 
oviducts; ovarian, oviductual, and uterine inflamma- 

_ tion accompanied by pyometra; and, in some animals, 
atrophic uteri and ovaries. 

Taguchi and Nishizuka” treated neonatal mice with 
a relatively high dose of tamoxifen and have noted that 
all treated mice developed reproductive tract anoma- 
lies. These were characterized by an abnormal urethral 
opening into the vaginal lumen and a significant re- 
duction in the size of the common cervical canal. In 
addition, these mice developed evidence of uterine hy- 
poplasia and absence of corpora lutea. 

In a recent communication Diver et al.” reported on 

X nonspecific congenital abnormalities in fetuses inad- 
=< vertently exposed to tamoxifen as well as on healthy 
-babies born to patients receiving tamoxifen. They also 
B report that tamoxifen terminates pregnancies in rats 
and rabbits; however, in doses that do not do so, no 
teratogenic effects were found. Deformation or rib cage 
and altered ossification patterns in the rat were ascribed 
to uterine pressure effects resulting from inhibition of 
the estrogenic effect on the pregnant uterus. These 
multiple deformities were found to disappear after 
birth.” 
In our review of the literature we found no reports 
_. that tamoxifen is associated with an increase in the in- 
© cidence of any malignancy in humans. Authors who 
have used tamoxifen to induce ovulation with a suc- 
cessful pregnancy outcome have not reported on any 
fetal abnormalities. It must be remembered, however, 
that these authors used tamoxifen for a short term 
only, and a number of pregnancies did end in early 
abortions. ””' 

It is our conclusion that the use of tamoxifen for the 
treatment of endometriosis may be useful in a number 
of situations: (1) Tamoxifen offers symptomatic relief 
of pain with minimal side effects compared to danazol 

| treatment. (2) It could certainly be used to reduce en- 

- _dometriotic tumors and lesions before definitive sur- 
- gical treatment. (3) It is relatively i inexpensive. (4) Since 
tamoxifen does. not seem to inhibit ovulation, its ad- 
ministration to women. suffering from infertility sec- 
“ondary | to endometriosis- ‘may help in allowing these 
omen t to conceive. | E lowever, further studies. are re- 

















































quired to determine its teratogenic effect, if any, on the 
human fetus before it could be used on a large scale m 
for this purpose. A 
In view of this lack of knowledge regarding terato- = 
genicity, we have modified our protocol in subsequent at 
trials in women with the potential risk of conceiving 
while receiving treatment (Behelak and Haber, many- = 
script in preparation) while simultaneously continuing. 
studies on women not at risk for pregnancy to deter- 
mine the efficacy of the drug when used inter mittenth 
or with varying doses, to treat lesser grades of endo 
metriotic lesions. | 
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Exaggerated gonadotropin response to luteinizing 
_ hormone-releasing hormone in amenorrheic runners 


| -Janet Yahiro, Ph.D., Allan R. Glass, M.D., William B. Fears, M.D., 
rl W. Ferguson, M.D., Ph.D., and Robert A. Vigersky, M.D. 


-Most studies of exercise-induced amenorrhea have compared amenorrheic athletes (usually runners) with 
-sedentary control subjects. Such comparisons will identify hormonal changes that develop as a result of 
exercise training but cannot determine which of these changes play a role in causing amenorrhea. To 
bviate this problem, we assessed reproductive hormone status in a group of five amenorrheic runners 
-and:compared them to a group of six eumenorrheic runners matched for body fatness, training intensity, 
-vand exercise performance. Compared to the eumenorrheic runners, the amenorrheic runners had lower 

` serum estradiol concentrations, similar basal serum luteinizing hormone and follicle-stimulating hormone 
S concentrations, and exaggerated responses of serum gonadotropins after administration of luteinizing 
-hormone-releasing hormone (100 ug intravenous bolus). Serum prolactin levels, both basally and after 
hyrotropin-releasing hormone administration (500 ug intravenous bolus) or treadmill exercise, was similar 
m the two groups, as were serum thyroid function tests (including thyrotropin response to 

i thyrotropin- -releasing hormone). Changes in serum cortisol levels after short-term treadmill exercise were 
“similar in both groups, and serum testosterone levels increased after exercise only in the eumenorrheic 
group. In neither group did such exercise change serum luteinizing hormone, follicle-stimulating hormone, 
or thyrotropin levels. We conclude that exercise-induced amenorrhea is not solely related to the 
-development of increased prolactin output after exercise training. The exaggerated gonadotropin response 
to luteinizing hormone—releasing hormone seen in amenorrheic runners in comparison with matched 


| ~-eumenorrheic runners is consistent with a hypothalamic etiology for the menstrual dysfunction, analogous 
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“Secondary amenorrhea is common in women who 
exercise intensively, such as long-distance runners and 
ballet: dancers, but the mechanism of exercise-associ- 
ed ‘menstrual i irregularity has not been conclusively 
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established. Etiologic factors that have been suggested 
as having significance in this disorder include a de- 
crease in body fatness, an “energy drain” caused by 
increased energy output, augmented prolactin release 
following exercise, hyperandrogenism, excess psycho- 
logical stress, and increased central nervous system 
B-endorphin activity. The differences in conclusions 
among these studies may reflect in part the differences 
in subject selection and the lack of an appropriately 
matched control group. The purpose of the current 
study was to determine the hormonal abnormalities. 
specifically associated with. exercise- -induced amenor- 
rhea. To do this we compared amenorrheic. runners io: 
a control group of eumenorrheic runners who were wh 
matched for age, percent of f body fat,u trait ir ig p5 
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| E Fumenorrheic Amenorrheic T eo 
Age (yr) 28.8 + 4.6 29.4 + 6.1 ae 
Body fat (%) 15.9 + 6.6 12.2 + 57 T 
Training intensity (miles/wk) 51.8 + 18.8 46.3 + 19.7 os 
Training performance (min/mile) 7.7 + 05 8.7 + 0.8 ie 
Time on treadmill (min) 14.6 + 2.3 13.2 + 0.8 ee 
Oxygen consumption (ml/kg - min) as 
Resting 3.0 + 0.8 2.1 + 0.9 a 
Maximal during exercise 52.9 + 6.0 46.2 + 4.2 oe 

*Mean + SEM. No statistical difference was observed between the two groups for any parameter. Dos 


and level of fitness (maximum oxygen consumption). 
By contrast, previous studies using sedentary women 


as controls have not been able to distinguish which of 


the hormonal changes related to exercise training 
might be important in leading to amenorrhea. 


Methods 


Subjects. Six eumenorrheic runners (6 months or 
more of regular menses) and five amenorrheic runners 
(6 months or more without menses) were recruited 
from various running clubs based in Washington, D.C. 
The groups were matched as closely as possible for age, 
fatness, and running ability (Table I). Four of five 
- amenorrheic runners were nulliparous as compared to 
three of six eumenorrheic runners, Although none of 
a the runners was amenorrheic before acquiring an in- 
terest in running, two of six eumenorrheic runners had 
a history of oligomenorrhea in the distant past, com- 
pared to four of five amenorrheic runners, One amen- 
orrheic runner reported that menses would resume if 
she dropped her weekly mileage below 40 miles per 
week, but she had not done so in over 2 years. None 
of the subjects had taken oral contraceptives for at least 
2 years, and no subject took any medication regularly. 
All eumenorrheic runners were tested in the early fol- 
licular phase of their menstrual cycle (days 2 to 7). All 
women were instructed to fast for 12 hours and refrain 
from exercise for 24 hours before testing. Informed 
consent was obtained before all studies, and this study 

was approved by our institutional review board. 
Exercise study. Each runner exercised on a treadmill 
using the Bruce protocol to maximum oxygen con- 
sumption as determined by a Beckman Metabolic Mea- 
surement Cart (Beckman Instrument Inc., 3900 River 
Road, Schiller Park, IL 60176). Before the exercise pe- 
riod, subjects were allowed to relax in an armchair while 
= control blood samples were obtained at —30 and 
a a 0 minutes. Oxygen consumption, carbon dioxide pro- 
- duction, and electrocardiographic changes were mon- 
: itored continuously during exercise, and blood samples 
re obtained at 0, 15, 30, 45, and 60 minutes after 
pletion of exercise. Basal and maximal oxygen con- 
mption were similar in the amenorrheic and eumen- 












































orrheic groups (Table I). Blood was allowed to clot at os 
room temperature, and the serum was frozen at = E 
~ 20° C until analysis. Each sample was analyzed by r 
radioimmunoassay for luteinizing hormone, follicle- 
simulating hormone, thyroid-stimulating hormone, 
prolactin, testosterone, and cortisol. All samples wer ES 
measured in the same assay run. Intra-assay variation = l 
was <10% for all assays. Postexercise hormone values o- 
were corrected for changes in plasma volume. Percent n 
of body fat determinations were obtained by use of the Une ; 
skin fold thickness method. eae 
Luteinizing hormone—releasing hormone/ thyrotro- a? ` - 
pin-releasing hormone test. On the morning after the ~ 
exercise study, serum luteinizing hormone, follicle- 
stimulating hormone, thyroid-stimulating hormone, ~ 
and prolactin were measured at — 30, ~ 15, 0, 15, 350; 
45, 60, 90, and 120 minutes after the administration of | 
luteinizing hormone-releasing hormone (100 HE) and“ 
thyrotropin-releasing hormone (500 pg) given as a sin- 
gle intravenous bolus. Serum estradiol, serum proges-— 
terone, and serum thyroxine levels and T, resin uptake . 
were also measured on basal samples. Ea 
Data analysis. Basal hormone levels and the re 
sponses to exercise, luteinizing hormone—r eleasing 
hormone, and thyrotropin-releasing hormone in the : 
study groups were compared by the Wilcoxon rank sum T 
test. 


Results 


Basal serum luteinizing hormone, follicle- stimulating : 
hormone, testosterone, progesterone, and cortisol con- 5 
centrations were similar in the amenorrheic and èu- n 
menorrheic runners, while serum estradiol level was i 
lower in the amenorrheic group (Table H). The re 
sponse of serum luteinizing hormone and follicle-stim- 
ulating hormone to luteinizing hormone~releasing 
hormone (100 wg) was assessed by both the peak go- 
nadotropin level attained as well as the area under the 
curve. The ER A on area a under the cur : 


group (range a responses, 2958 to > ie aes 




































le II. Hormone levels in exercise-induced amenorrhea* 


‘Basal levels 


CO Serum luteinizing hormone (mlU/ml) 121 2 22 119237 
_ Serum follicle-stimulating hormone (mIU/ml) 14.3 + 2.6 17.524 14 
`o Serum testosterone (ng/dl) 28.7 + 3.4 25.9 + 4.0 
-` Serum cortisol (ug/dl) 12.6 + 8.5 14.0 + 1.7 
=. Serum progesterone (ng/ml) 0.25 + 0.06 0.14 + 0.09 
o- Serum estradiol (pg/ml) 61.5 + 18.6 22.0 + 6.9T 
espouse to luteinizing hormone— 
`- = releasing hormone 
_ Luteinizing hormone 
Peak level (mlU/ml) 37.9 + 6.5 70.0 + 20.9 
Area under curve (mIU - min/ml) 2315 + 188 5129 + 1184+ 
 Follicle-stimulating hormone 
Peak level (mIU/ml) 26.0 + 2.5 36.3 + 2.5t 


| Area under curve (m1U - min/ml) 809 + 238 1593 + 207 


*Mean + SEM. 
tp <0.01 vs. eumenorrheic. 


able mL. rolacun and thyroid function in exercise-induced amenorrhea” 


Eumenorrheic Amenortheic 


- Serum prolactin (ng/ml) 


Basal 14.1 + 1.3 10.9 + 0.8 
Peak after thyrotropin-releasing hormone 70.7 + 13.0 77.5 + 21.0 
¿o Peak after exercise 27.1 + 4.3 21.2 + 6.9 
~~ Serum thyroxine (pg/dl) 7.3+ 0.8 7.3 + 0.6 
Serum triiodothyronine (ng/dl) 126 + 2 125 + 1 
_ Serum thyrotropin (U/ml) 
Basal 4.3 4 1.3 3.1.4 0.2 
Peak after thyrotropin-releasing hormone 14.2 + 14 22.9 + 4.0 


(Table IV); cortisol showed a significant rise with ex- 
ercise in both groups, while serum testosterone was 
significantly increased over preexercise values only in 








eg greater a the highest value seen in the 
menorrheic eron: The E RN hormone ies the eumenorrheic group. 


Comment 

With the rising interest of American women in ex- 
ercise programs, the incidence of exercise-related 
amenorrhea has increased over the past several years. 
Despite intensive study in recent times, the mechanism 
of amenorrhea that develops during heavy aerobic ex- 
ercise remains unestablished. Multiple factors, both _ 
hormonal (hyperprolactinemia, androgen excess) and 
nonhormonal (weight loss, low body fat, energy drain, ` 
stress} have been proposed as having an etiologic role 
in exercise-induced amenorrhea. To establish the role 
of a hormonal or other abnormality i in causing runner's _ 
amenorrhea uae a corn arison of amenortheic and. s 









laeh horkidne; ihyróid: 
tosterone, and cortisol were 
eic and eumenorrheic groups 















— Table IV. Peak hormone levels after treadmill exercise* 


Serum luteinizing hormone (mIU/ml) 

Serum follicle-stimulating hormone (mIU/ml) 
Serum cortisol (g/dl) 

Serum thyroid-stimulating hormone (wU/ml) 
Serum testosterone (ng/dl) 


*Mean + SEM. All values corrected for plasma volume changes. 


exercise-induced amenorrhea in some women reflect 
an abnormal hormonal response to exercise training 
which is seen only in those amenorrheic women, or does 
exercise training produce a similar hormonal alteration 
in all women, with amenorrhea developing only in 
those with preexisting abnormalities of endocrine func- 
tion? For example, the suggestion that amenorrheic 
runners have a higher incidence of menstrual abnor- 
malities before beginning their training supports the 
concept of a population subset that is peculiarly sen- 
sitive and predisposed to exercise-induced amenor- 
rhea. However, the ability of increased exercise training 
to cause menstrual abnormalities in an otherwise un- 
selected group suggests that prior abnormality of pi- 
_ tuitary-ovarian function may not be necessary for de- 
Ze velopment of exercise-induced amenorrhea.’ 
<> Hyperprolactinemia is a well-recognized cause of 
* varbenorrhea. The finding that female runners showed 
a rise in serum prolactin after acute exercise, but sed- 
entary women did not,” raised the possibility that amen- 
orrhea in women runners occurred because they de- 
veloped the ability to increase serum prolactin after 
exercise, with menstrual disruption resulting from this 
intermittent hyperprolactinemia. Such a role for in- 
creased prolactin output was supported by the finding 
that thyrotropin-releasing hormone-induced prolactin 
= — release increased as women increased the intensity of 
-> exercise.? However, comparisons of amenorrheic and 
= eumenorrheic runners showed that the prolactin re- 
-sponse to acute exercise was not greater in the amen- 
orrheic group* * and amenorrheic and eumenorrheic 
runners did not differ in basal serum prolactin.” Like- 
wise, our study showed no difference between amen- 
orrheic and eumenorrheic runners in basal serum pro- 
lactin or in the serum prolactin response to acute ex- 
ercise or to thyrotropin-releasing hormone. Thus, 
although increased prolactin output may be a conse- 
quence of exercise training, the similarity of prolactin 
<- _ response in amenorrheic and eumenorrheic runners 
uggests that hyperprolactinemia by itself does not 
e- runner's amenorrhea. We cannot exclude the 
ity that the increased E prokern ima related 
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Amenorrheic <> 


Evmenorrheic 


14.1 + Ll 20.2 + 6.9 
18.5 + 0.3 23.3 + 2.2 
18.2 + 1.8 21.1 + 3.4 
37 402 3.7 + 0.2 
36.1 + 3.8 29,9 + 6.5 


Androgen excess is associated with menstrual: a 
normalities under a variety of circumstances, such a 
polycystic ovarian disease. Initial findings of elevat 
basal serum testosterone or exercise-induced i increase 
in serum testosterone in amenorrheic runners raised 
the possibility that transient or persistent hyperanc 
genism might cause the amenorrhea. However, exercise. 
results in hemoconcentration, and in our study the e 
was no change in serum testosterone after exercise in 
amenorrheic runners after correction for changes in _ 
plasma volume, although such an exercise-induced in- 
crease was noted in eumenorrheic runners. Othe 2 
have failed to find exercise-induced increases in se n 
testosterone in amenorrheic runners.’ and neither -w 
nor others’ have found increases in basal serum: tes 
tosterone concentrations in this group. | 

Much attention has been focused on gonadotrop. 
levels in women with exercise-induced amenorrhea. 
comparison with sedentary women, amenorrheic r 
ners have generally been found to have normal% 
reduced*” basal serum gonadotropin levels. Like 
in two previous studies in which nonamenorrheic 
ners, studied in the late follicular or late luteal phase 
were compared to sedentary controls, reduction: 
observed in the gonadotropin response to lutei izing 
hormone—releasing hormone.* * By contrast, in. ou 
study, the only one in which responses in amenor 
runners were compared to those in eumenorrhei 
ners matched for fatness and fitness (studied | 
early follicular phase), the amenorrheic runners 
greater gonadotropin responses to a large bolus 
of luteinizing hormone—releasing hormone than 
the eumenorrheic runners. Similarly, gonadotropir re 
sponses to lower doses of luteinizing hormone-releas- 
ing hormone in severely oligoamenorrheic. runners 
were also greater than in sedentary controls,® and an 
earlier report also described one amenorrheic. runne 
with an exaggerated gonadotropin response to lutein- 
izing hormone-releasing hormone.’ Such. hype 
sponses to luteinizing hormone—releasing. hor 
unlikely to be due to primary ovarian failure 
serum gonadotropins were not elevatec 
responses to luteinizing hormone-rel 
were reported to be normal.’ -These xag o 
nadotropin responses, to luteinizing hor no’ 






















































hormone are similar to those reported previously 


whether amenorrheic runners are subject to an unusual 
mount of stress. In contrast, the gonadotropin re- 
ponses to luteinizing hormone-releasing hormone in 
menorrhea associated with weight loss, although vari- 
able, are often reduced. The finding of hormonal dif- 
ferences between eumenorrheic and amenorrheic run- 
a ners may suggest that the latter have an idiosyncratic 
-hormonal response to exercise training rather than sim- 
¿ply having an underlying hypothalamic-pituitary-ovar- 
an axis which is more vulnerable to perturbation by 
the exercise-induced hormonal changes occurring in 
-all women. 
K - Pituitary output of gonadotropin depends on the fre- 
a quency and magnitude of pulsatile luteinizing hor- 
= mone-releasing hormone output from the hypothal- 
¿< amus as well as the pituitary sensitivity to luteinizing 
A hormone-releasing hormone. The latter, in turn, de- 
| -pends strongly on the level of chronic luteinizing hor- 
< mone-releasing hormone release (the self-priming ef- 
-© fect of luteinizing hormone—releasing hormone) as well 
-as on gonadal steroids, such as estradiol, which can have 
-< both positive and negative feedback effects on pituitary 
- gonadotropin output. Several aspects of this scheme 
“have been studied in amenorrheic runners. In partic- 
ular, recent emphasis has been placed on the findings 
that amenorrheic runners have reduced frequency of 
es - Juteinizing hormone-releasing hormone secretion’ and 
~~ that acute exercise can reduce the frequency of lutein- 
izing hormone-releasing hormone secretion.” How- 
= ever, since eumenorrheic runners also have reduced 
frequency of pulsatile luteinizing hormone—releasing 
= hormone secretion” and some amenorrheic runners 
© have normal rates for pulsatile luteinizing hormone— 
- -releasing hormone secretion,” it appears that reduced 
frequency of luteinizing hormone-releasing hormone 
ecretion alone may not be a sufficient explanation for 
unner’s amenorrhea. 
- Consequently, attention must also be focused on the 
pituitary sensitivity to luteinizing hormone—releasing 
hormone and the factors that affect it, particularly the 
effect of gonadal steroids. Women with secondary 
amenorrhea have been reported to be hypersensitive 
to the negative feedback effects of estradiol." Since 
estrogen can increase the amount of pituitary lutein- 
izing hormone in the “storage” pool,” which can be 
released after large doses of luteinizing hormone-re- 
leasing hormone such as that used in the current study, 
such estrogen hypersensitivity might be expected to 
produce enhanced. gonadotropin responses to lutein- 
izing hormone-—releasing hormone, such as we have 
reported. Moreover, since estrogen also may reduce 
luteinizing hormone secretion from the acutely releas- 











able pituitary pool, from which might come: the ki = 


teinizing hormone released from the pituitary by the 
small endogenous luteinizing hormone—releasing hor- 
mone pulses seen in amenorrheic runners, estrogen 
hypersensitivity might result in reduced gonadotropin 
output and amenorrhea. Thus it is possible that run- 
ner’s amenorrhea develops as a result of the combi- 
nation of reduced luteinizing hormone—releasing hor- 
mone secretion and/or increased pituitary sensitivity to 
estrogens. Alternatively, development of exaggerated 
gonadotropin responses to luteinizing hormone—re- 
leasing hormone may simply be a consequence of de- 
ficient luteinizing hormone—releasing hormone output 
per se. For example, when pulsatile luteinizing hor- 
mone—releasing hormone support is withdrawn from 
patients with hypogonadotropic hypogonadism, sub- 
sequent gonadotropin responses to bolus luteinizing 
hormone—releasing hormone can be supranormal.”” 
Our data provide no specific information to confirm or 
refute these theories, which must remain speculative in 
the absence of confirmatory data. However, our study 
does define specific abnormalities in amenorrheic run- 
ners, confirming the probable hypothalamic-pituitary 
origin of exercise-induced amenorrhea and suggesting 
that it may be different from that seen with weight loss. 


We would like to thank Mrs. Estelle C. Coleman for 
expert editorial assistance. 
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function, coagulation, and lipids in exercising young women: 


A preliminary report 


Morris Notelovitz, M.D., Ph.D., Chris Zauner, Ph.D., Lynda McKenzie, R.N., M.Ed., 
Yvonne Suggs, R.N., Carol Fields, M.P.E., and Craig Kitchens, M.D. 


Gainesville and Miami, Florida 


T: _ A study was undertaken to determine whether low-dose oral contraceptive usage would negate the 


beneficial effect of exercise on cardiorespiratory fitness, lipid and lipoprotein levels, and coagulation. 
Twelve exercising women were randomly allocated to groups of either oral contraceptive users or non—oral 
contraceptive users. When compared with results in the control group, maximal oxygen uptake 

(mi/kg' - min‘) decreased significantly in the oral contraceptive users during the 6-month period of 
observation. This was associated with an 8% decrease in both the oxygen uptake (2.34 to 2.17 L/min) and 
the oxygen pulse (12.1 + 3.2 to 11.2 + 2.2 ml/beat). The serum cholesterol, triglycerides, high-density 
lipoprotein/cholesterol, and high-density lipoprotein subfractions 2, and 2, levels were not altered. A 
significant increase in plasminogen activity was found in the oral contraceptive users: values increased 
from a coherent time average of 3.8 + 0.5 U/mi at baseline to 5.7 + 0.7 U/ml at 6 months; values 
returned to baseline levels 1 month after stopping the oral contraceptives (coherent time average of 

3.9 + 0.6 U/ml; p < 0.0001). No other significant changes were noted in the coagulation and — 
anticoagulation factors studied. Low-dose oral contraceptive usage is associated with a decrease in 
functional aerobic capacity, but it does not impinge on the hemostatic mechanism or lipid-iipoprotein 


metabolism. (Am J Opstet Gynecol 1987;156:591-8.) 


Key words: Oral contraceptives, coagulation, fibrinolysis, lipids, lipoproteins, exercise, 


cardiorespiratory function 


Exercise is said to be “cardioprotective.” Although 
this effect may not translate into longevity for all who 
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exercise, there is compelling evidence that the exercise _ 
level is indeed inversely related to cardiovascular and 
respiratory morbidity and mortality.’ Premenopausal > 
women appear to have a relative immunity to cardio- > 
vascular disease. The use of oral contraceptives, by th 
potential adverse effect on the lipid and lipoproteir 
profile and on the coagulation system, could reduce 
this physiologic advantage and negate positive changes: 
induced by exercise. Since much of the earlier infor- 
mation in the literature is based. on “high-d se” oral- 
contraceptive usage in nonexercising populations, a 
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‘able I. Characteristics of patients studied 


ee ‘Oral contraceptive 


eae Age (yr) 
Nonusers (group 1) 24.3 + 3.0 
Users (group 2) 24.5 + 3.2 


uy was initiated to evaluate the effect of low-dose 
-oral contraception on cardiorespiratory function, lipids 
and lipoprotein metabolism, and coagulation in exer- 
5 ising young women. 


Material and methods 
Subjects were recruited from students attending the 
University of Florida who met the following criteria: 
they were required to be between 20 to 30 years of age 
and. not currently using oral contraceptives. Their ex- 
ercise program involved training at least three times 
pe week; runners needed to cover at least 15 miles a 
A eek and swimmers 6500 yards a week. 
‘welve young women who met the above criteria 
participated i in and completed the stud. They had all 
been in training for more than | year. Subjects were 
ndomly assigned into a birth control (n = 6) or a 
phragm/intrauterine device group (n = 6). The oral 
mtraceptive used (Ovcon 35, Mead Johnson, Evans- 
e, Indiana) contained 35 pg of ethinyl estradiol and 
mg of norethindrone. Diaphragm and/or intra- 
iterine devices were fitted for women randomized into 
he control group. The nonusers of steroid contracep- 
es group 1) were closely matched with oral contra- 
ceptive : users (group 2) (Table I). They were all in good 
ealth without evidence of heart or lung disease and 
ithout contraindications for oral contraceptive use. 
he. cardiorespiratory fitness tests were perfor med 
The Center for Physical and Motor Fitness, Univer- 
of Florida, and the metabolic studies at The Center 
or € Jimacteric Studies, Inc., Gainesville. After signing 
rmed consent, each subject had a detailed physical 
gynecologic examination. Blood pressure was mea- 
d in the sitting position after a 10-minute rest pe- 
od. The systolic pressure was recorded with the ap- 
arance of the first sound, and the diastolic blood 
essure. with the disappearance of the second sound 
(phase V. Korotkoff). The graded exercise test took 
place between 6 and 8 AM after a 12-hour complete fast 
nd at least 8 hours of sleep the previous night. The 
readmill protocol of Balke et al.,* modified for women, 
‘was used. The treadmill speed was a constant 3. 0 mph 
and the work task began at a 0% treadmill grade. El- 
~ evations in the grade were made at the end of each 
: e of walki king: The first increase was 2%, with sub- 
s of 1%. After 5 






























Conclusion 


Height (cm) Baseline 
165.2 + 7.1 57.3 + 8.0 57.5 + 8.2 
166.7 + 3.0 57.5 + 6.5 59.3 + 6.3 


0 "x minutës of walking, 
er rforming at 3. 0 a mph at 5% treadmill 


grade. This work task was submaximal for all subjects. 
During the submaximal period, they were evaluated 
for expired volume in 1 minute, frequency of breath- 
ing, tidal volume, oxygen uptake, heart rate, oxygen 
pulse, and ventilatory equivalent. An automated system 
(Metabolic Measurements Cart, Beckman Instruments, 
Schiller Park, Illinois), which performs infrared anal- 
ysis and polarographic measurement of carbon dioxide 
and oxygen, respectively, was used to assess all param- 
eters, except for heart rate, which was monitored by 
palpation. 

After measures at submaximal exercise, each subject 
was brought to maximal physical effort by continuation i 
of the modified protocol of Balke et al.” until complete 
fatigue was proclaimed. The oxygen uptake was mea- 
sured at this point (maximal oxygen uptake). Two sub- 
maximal and two maximal tests were performed on 
separate days. The assessment reflective of the highest 
oxygen uptake measure provided the data for analysis. 
Test days were separated by no fewer than 3 days and 
no more than 7 days. Each subject was tested before 
receiving contraception (baseline), ano at the conclu- 
sion of their respective “treatment.” 

Blood samples were obtained at the start of the study, 
at 3 and 6 months of oral contraceptive usage and after 
oral contraceptives had been suspended for 1 month— 
the 7-month interval. The sampling was performed at 
The Center for Climacteric Studies, Inc., between 8 and 
9 am after an overnight fast of 12 hours. The blood 
for the coagulation profile was collected in tubes con- 
taining 3.8% sodium citrate and centrifuged immedi- 
ately at 4500 rpm for 5 to 10 minutes. Serum was sep- 
arated and kept frozen at —70° C until analysis. All 
samples were drawn in the second half of the menstrual 
cycle. 

Tests representative of both coagulation and anti- 
coagulation were performed. The prothrombin time, 
activated partial thromboplastin time, and the throm- 
bin time were measured by the fibrometer method. 
Clottable fibrinogen was estimated by the Clauss 
method.” Fibrinogen antigen, plasminogen antigen, 
G,-antitrypsin antigen, a,-macroglobulin antigen, and 









Plasminggen activity, anit 
ayantiplasmin activity wer 











antithr ombin HI Ea were. e determined BY. radial z 





young women 


Test 


Oxygen uptake I 15.0 + 1.0 
(ml/kg! + min’) 2 14.9 + 0.8 
Heart rate i 111.7 + 174 

(bpm) 2 118.8 + 19.6 
Oxygen pulse l C8213 
(ml/beat) 2 Lae 19 
Expired volume l 19.3 + 2.1 
(L/min) 2 21.7 + 3.8 
Tidal volume l 0.9 + 0.2 
2 LI + 0.2 


Group l, Nonusers of oral contraceptives. Group 2, Oral contraceptive users. 


tric assays (Protopath, American Dade, Miami, Florida). 
The variation for Protopath for antithrombin HI is 7% 
and for plasminogen, 5%. All tests were performed by 
a technician who did not know the identify of the grou p 
assignments. 

Aliquots of the blood samples were also taken for 
analysis of serum cholesterol, triglyceride, total high- 
density lipoprotein, high-density lipoprotein/choles- 
terol, and high-density lipoprotein subfractions 2, and 
_ 2. Serum was obtained by centrifugation for the lipid 
->= studies, and the sample divided into two portions. One 

portion was stored at —60° C until analysis for total 
cholesterol, high-density lipoprotein/cholesterol, and 
total triglycerides. The density of the other portion was 
adjusted to 1.21 gm/cc, with use of sodium bromide. 
One hundred fifty microliters of the adjusted solution 
was placed in a Beckman Airfuge centrifuge tube and 
spun at top speed for 5 hours. After centrifugation 
6 ul was removed from the top of the tube and placed 
directly on a 4% to 30% gradient polyacrylamide gel 
(Pharmacia Fine Chemical Co., Piscataway, New Jer- 
sey). Electrophoresis was carried out for 18 hours at 
125 V constant voltage. After electrophoresis the gels 
were removed from the cassettes and stained for 20 
minutes with a solution of 1% amido black in 25% iso- 
propanol, and 10% acetic acid. After electrophoretic 
destaining the gels were sliced vertically and scanned 
at 620 nm with use of a Beckman gel scanning attach- 
ment coupled to a Model 25 UV-VIS spectrophotome- 
ter. Concentrations of high-density lipoprotein subfrac- 
tions 2, and 2, were determined from the recorded 
scans with use of a Zeiss MOP3 digital pad coupled to 
_- a microcomputer. The area under each region of the 
_ scan was taken to be equivalent to the protein concen- 
i „tration present. Standard curves were prepared with 
‘of known- amounts of separate purified high- 
ty lipoprotein subclasses. a, of f determi- 










"Table II. The effect of a low-dose oral contraceptive on cardiorespiratory function in exercising 






45.9 + 5.8 ml/kg! - oH 


Oral contraceptive 


Maximal 






















Baseline 





Conclusion 


3 42.6 + 2.8 


IS2 ce | 45.9 + $8: 
110.0 + 18.5 195.8 + 10.1 195.4) +» 5.0. 
132.0 + 15.3 208.3 + 26.4 193.24 8.9) 

8.0 + 1.0 12.3 + 2.3 3.4 + : 20 oF 

6.6 + 1.1 12.1 + 3.2 119+ 99 

19.9 + 2.] 77.0 + 18.7 82.60 45. 1 

22.6 + 4.6 85.7 + 23.1 76.7 + aie 

0.9 + 02 19 +03 19+ 03 a 

1.0 + 0.1 L8 + 0.3 L.7 + 038.0 


Total serum cholesterol and high-density lipopro 
tein/cholesterol were determined with use of the cho- 
lesterol-oxidase method (Fisher Scientific Products). 
Non—high-density lipoproteins were precipitated with 
use of phosphotungstic acid and magnesium. After cen | 
trifugation the cholesterol content of the clear super- l 
natant produced was assumed to represent high-den 
sity lipoprotein/cholesterol. Total serum triglyceride 
concentrations were determined with use of a nicoti 
amide-adenine dinucleotide—linked enzymatic -assa 
(American Monitor Corporation). All methods w 
standardized with use of the standard solutions su J 
plied by the manufacturers of test kits. : 

A final physical examination was performed 1 month 
after completion of their treatment schedule. | 

Statistical analysis. The data were analyzed with use 7 
of repeated measures analysis of variance to test for. 
overall differences between the observation t times ¢ 
line, 1,6, and 7 months) for each parameter. meas 
If a significant time effect was noted, Tukey's $ le 
ized range test, also known as the HSD (honestly 
nificant difference) test, was used. If the HSD test a 
to show any significant differences despite a time e 
Duncan’s multiple range test was used to find wh ich 
time points were significantly different.‘ * | 





Results 


The maximal oxygen uptake is the amount of oxygen i 
taken up by the entire body during maximal physic: 
effort. It reflects the status of the entire oxy gen deliver 
system—heart, lungs, blood vessels, blood pool, and: 
ability of skeletal and myocardial muscle to extract o 
gen from the blood. The maximal oxygen. uptake 
the oral orita epte users decreased from 41. 
11.8 ml/kg- min’ to 38.4 mi/kg' - min’ (a diffe: 
of 7%). The maximal oxygen. uptake of th 
m increased | t values f rom 42 


ing assessments, res re 













le III. The effect of a low-dose oral contraceptive on blood pressure in exercising young women — ens 
No. of months 


Baseline 





Group 


- Blood pressure 


ystolic (mm Hg) l OSa- 23 105.3 4 5.0 107.0 >= 4.1 108.2 + 12.4 
2 106.3 + 5.4 108.7 £ 3.7 HEZ Æ TLG 112.0 + 11.1 
Diastolic (mm Hg) l 107 E93 66030 64.7 + 3.5 74.4 + 10.5 
2 66.3 + 4.8 67.3 2 4.7 64.0 + 6.7 74.0 + 6.8 
cosas catia asl Be en eae ol cle ee es 








© Group 1, Nonusers of oral contraceptives. Group 2, Oral contraceptive users, 









aah No. of months 













3 ‘Group 1, Nonusers of oral contraceptives. Group 2 




























of anane were die oxygen ae values, juan iS, 
: the volume of oxygen consumed per heart beat. The 
on-oral contraceptive users increased their values by 
9% (12.3 + 2.3 to 13.4 + 2.2 ml/beat), while the 
treated group’s values decreased from 12.1 + 3.2 to 
i: 99 ml/beat—a difference of 8% (p < 0.02) 
(Table ID. The systolic and diastolic blood pressures 
a were unaltered in both groups th roughout the 7-month 
a study period (Table HI). 

-0 Two changes among the oral contraceptive users 
© were noted among the dynamic tests of coagulauion, 
‘The prothrombin time decreased during treatment and 
returned to baseline values 1 month after cessation of 
oral contraceptive usage (p < 0. 07) (Table IV); the 
thrombin time increased significantly (p < 0.007) from 
baseline value of 14.5 + 2.0 S to 16.6 + 2.0 and 
16.5 + 2.9 Sat 3 and 6 months, respectively. Be ee 
; returned to basal levels at 7 months (13.8 + 1.7 5). AH 
of these changes were within the range of nor ca for 
our laboratory. 

~The results of the inhibitory component of the an- 
-ticoagulation system (Table V) were considered sepa- 
“>. rately from those involved with fibrinolysis ( Table VÍ). 
Then most a as was that there were no 






the: minor, yr anticoagulant ene, any I anti 








Test | Group Baseline 3 p 

-Prothrombin time (normal: | 12.6 + 0.6 12.5 + 0.8 12.2 20.3 12.4 + 6.9 NS 
95-1 2.05) 2 12.4 + 0.9 2 Hoea PEE NS 
Activated partial thromboplastin time 29,7 = 32h 26.5 + 2.1 25.9 + 2.6 75.0 S24 NS 

~ (normal: 35s) 2 28.8 © 5.5 PAT E 204° Of 27.7 2 50 NS 
Thrombin time (normal: 10-25s) l 14.62 1. 12.53 + 2} 15.0 + 2.7 14.5 + 1.8 NS 
fee 2 14.5 + 2. 16.6 + 1.9 16.5 4.2.9 13.8 2 17 0.007 
_Fibinogen antigen (normal: | 187.3 + 45.5 1698+ 36.5 168.8 = 50.2 168.2 + 42.9 NS 
= 200-450 mg/dl) 2 177.0 + 44. 1906.5 £414 198.3 = 49.1 200.2 + 54.9 NS 





. Oral contraceptive Users. 


gen, was recorded, but the values remained within 
physiologic levels. 

The values for plasminogen activity and antigen 
were unaltered in the non—oral contraceptive users 
(group 1) but were significantly increased in the oral 
contraceptive group. The baseline plasminogen activity 
values in group 2 subjects (coherent time average of 
38+ 0.5 U/ml) increased to 5.2 + 0.9 U/ml at 3 
months and to 5.7 + 0.7 U/ml at 6 months. After | 
month without therapy the values had decreased to the 
baseline levels again (p < 0.0001). The 3- and 6-month 
values exceeded the range of normal for our laboratory. 
The plasminogen antigen results were similarly in- 
creased (p < 0.0001), but the actual values were within 
the laboratory’s normal range (Table V1). Antiplasmin 
activity in the oral contraceptive users decreased while 
receiving treatment: baseline mean values of 82. = 
99 0% fell to 64.3% + 17.0% and 71.9% + 13.0% at 3 
and 6 months of treatment, with a return to a at 
86.5% + 6.8% after withdrawal from treatment for | 
month. This change was not, however, statistically sig- 
nificant (p < 0.06). There was no change In yanti- 
eae values of the nonusers of oral contraceptives. 

1 Table VU, none of the lipid (choles- 
ter al and ieee and lipoprotein (total high-den- 
sity lipoprotein; high-density _ lipoprotein/cholesterol; 
pat -density Cea aunir raction nae and 2,). paan F 
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< Fable V. The effect of a low-dose oral contraceptive on anticoagulation in exercising women 


AAs Ht ALARMS SIRE anaa RATHER EAAS tba A 





Na. of months 





Tein vtiera Bieter A: 








a 
Test Group Baseline ; 6 Z | $ 

Antithrombin HHI activity ] 106.7 + 15.6 105.4 + 9.6 IHL? + 8.0 LTT NS 
(normal: 80-120%) 2 104.9 + 7.9 lOL4 + 6.7 102.5 + 8.1 106.3 + 3.6 NS 

Antithronbin I antigen | 20.7 + 2:5 20.0 235 26.3 + 2.6 28.3 + 4.3 a 
(normal: 22-39 mg/dl) Z 2i.4+ 4.3 20.1 + 6.0 214i +45 21.5 + 44 NSO 

a,-Antitrypsin antigen | 165.8 + 32.3 LOS. a Zan) 143.3 = 29.4 161.7 + 26.2 NS | 
(normal: 200-400 mg/dl) 2 150.8 + 23.8 260.0 + 27.4 A 2328 203S a p39 0.0001 

a,- Macroglobulin antigen I 9.0 + 68.0 315.0 + 80.1 295,3 + §3.3 314.0 £ 74.5 NS. - 
(normal: 175/450 mg/dl) 2 21 2659 284.3 + 58.0 292.7 + 55.0 268.7 + 56.9 NS oe. 





ATADAN Amianan anA anana Attar Wht el ere amRH N TT hee melee eA Dan, 








Group I, Nonusers of oral contraceptives. Group 2, Oral contraceptive users. 


Table VI. The effect of a low-dose oral contr aceptive on plasminogen and a 


exe rcising women 





o-antiplasmin in 










| o : | 
Vo. of months 
Test Group Baseline 7 ü 7 p 
Plasminogen activity (normal: | 3.4 + 0.4 ie | oat SUD So Os NS 
2.4-3.8 CTA U/ml) 2 38 0 5.2 + 0.9 a2 207 3.9 + 0.6 0.0001 
Plasminogen antigen (normal: | 1.2 225 1.8 +33 HS 28 10.3 34 NS 
10-20 mg/100 mi) 2 Wosa l4.4+ 1.8 EES ee eat ESS 49 0.0001 
a,Antiplasmin activity (normal: l 95.0 > 13.8 G4 > 15.1 32 2107 92.6 + 18.0 NG Das. 
80%- 120%) 2 82.0 + 22.0 64:3 +170 71.9 £ 13.0 86.5 + 6.8 NS. tee 
Pe Ne NE an re eee Oe a hte yal ee st kentando 


CTA, Coherent time average. Group 1. Nonusers of oral contraceptives. Group 2 





Comment 
There is a remarkable interest among women to par- 
ticipate in various types of exercise Con O pro- 
grams in order to enhance their physical fitness and to 
maintain their health. Earlier studies have shown that 
consistent and meaningful exercise is associated with a 
lower incidence of cardiovascular-related disease’ and 
that this can be measured objectiv ely by various param- 
eters, for example, a lowering of and a maintenance 
of blood pressure in regularly exer cising men and 
women’; an improvement in fibrinolytic activity’: the 
well-documented enhancement of the car diopters live 
lipoprotein high-density lipoprotein/cholesterol’ and 
increases in functional aerobic capacity determined by 
graded exercise testing.” 
Another significant health care change for women in 
recent umes has been the use of oral contraceptives. 
Apart from the efficacy of oral contraceptives in family 
planning, their long-term use has resulted in many non- 
contraceptive advantages: a decrease in benign breast 
disease, ovarian tumors, anemia, and pelvic inflam- 
matory disease, to name a few. However, earlier stud- 
ies showed that oral contraceptives may have an adverse 
effect on the cardiovascular system as evidenced by an 

ne creased incidence of thrombogenic cardiovascular 
nts, changes i in the coagulation/anticoagulation sys- 
a lowering. of high-density lipoprotein/lipopro- 
i „and the development of hypertension.’ Much 









toll? 28 ml/bea 





2, Oral contraceptive users. 



















of the data regarding these side effects were from studs ` 
tes in women on relatively high-dose estrogen/proges- 
togen preparations, but their physical activity level was. _ 
rarely commented on. It can be safely assumed that 
the majority were not involved formal exercise. 
prograris. E 
lhe present study has illustrated that the potential 
benefits of exercise are affected by low-dose steroi 1 
contraceptives. Our subjects (according to accepte E 
normative data) were physically ft, since taan mean 
maximal oxygen uptake values, 42.6 + 2.8 (¢ a 
and 41.2 + 11.8 (group 2) ml/kg'- min, were within 
the range of normal for women of their age: 38 ta. 48 
ml/kg’ - min’. All of the subjects maintained that they. 
continued with their regular exercise program, yet the = ‘ 
women receiving oral contraceptives as a group had a 2 
significant decrease in maximal oxygen uptake after Go 
months of oral contraceptive use—from 41.2 + 11.8. 
to 38.4 + 9.8 ml/kg’ - min! (p < 0.03). Despite an. ane 
crease in the subjects’ weight, which could have ac- 
counted in part for this result (from a baseline value 
of 57.5 + 6.5 kg to 59.3 + 6.3 kg), the oxygen, „pake 
at the repede intervals decreased from 2.4 + 0.67 
L/min and 2.2 + 0.5 L/min (8%), while. the oxyee 
pulse showed a similar di prea ase 2 (8%) ) from: 13 
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gen uptake did not af a 
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cising women 








l Test Group 

Cholesterol } 146.5 + 14.4 
T 2 158.0 + 29.3 
1 48.7 + 18.3 
aes 2 38.8 + 19.6 

i eres) lipoprotein/cholesterol i 52.8 + 4.9 
; 2 56.3 + 15.4 
X High- -density lipoprotein/total 1 288.5 + 31.2 
>, (mg/dl) 2 300.0 + 76.7 
“High-density lipoprotein l 60.7 + 25.6 

= subfractions, (mg/dl) 2 48.5 + 7.9 
High-density lipoprotein l 117.0 + 19.0 
7 subfractions, (mg/dl) 2 135.0 + 69.0 


flective of the energy demands of everyday activity, 
naffected. 
ntes et al.“ also found (as we did) that low-dose 
contraceptives did not have an adverse effect on 
entilatory response to treadmill exercise; in fact, 
reported that the oral contraceptive had a mod- 
erate ventilatory stimulating effect (not found in this 
udy) and attributed this to the progestin component. 
heir subjects were all untrained but were also studied 
for 6. months. 
ystolic and diastolic blood pressures remained at 
normal levels throughout the study. Although the pro- 
gestogen component of oral contraceptives has been 
related to elevations in blood pressure, this phenom- 
enon i is much less frequent in the lower-dose oral con- 
: traceptives. 3 Exercise also has a stabilizing effect on 
blood pressure,® and it has been shown that men and 
omen who are highly fit are less likely to develop 
ypertension later in life. Although the duration of 
bservation was short and the number of subjects stud- 
as small, low-dose oral contraceptive use did not 
av ea negative impact on the blood pressure of these 
hysically fit young women. 
ixercise has an anticoagulant effect and has even 
een shown to act synergistically with some oral con- 
raceptives to increase fibrinolytic activity, as measured 
asminogen activator, over and above that induced 
y the oral contraceptive itself."* '© Hedlin et al.'® ' 
a cross-sectional study that compared 12 women 
on: a medium-dose oral contraceptive (0.05 mg of eth- 
myl estradiol; 1 mg of ethynodiol diacetate) with 13 
matched controls showed that exercise significantly in- 




















I a creases both antithrombin HI activity and plasminogen 


‘Their study was based on the influence 


E activator Jevels. 
n ur study involving physically fit 


of acute exe cis 












o women at rest, an ncrease in plasminogen activity was 


| _ noted after 3 and 6n months of treatment with the low- 








bl VIL. The effect of a low-dose oral contraceptive on the lipid and lipoprotein profile (mg/dl) se” ae nia 


No. of months 


158.8 + 26.5 165.2 + 20.7 140.5 + 26.4 NS 
154.0 + 23.0 151.7 + 225 149.3 + 22.5 NS 
65.8 + 28.3 37.8 + 9.0 57.3 + 10.8 NS 
49.3 + 17.0 41.5 + 22.5 38.2 + 21.4 NS 
513-2129 49.3 + 12.2 48.2 + 9.4 NS 
52.7 + 13.4 47.5 + 14.1 49.2 + 15.7 NS 
980.0 + 72.0 2682+ 66.0 260.0 + 49.8 NS 
980.0 + 70.0 256.0 + 68.2 268.1 + 104.9 NS 
50.5 + 15.0 50.8 + 20.9 51.5 + 12.0 NS 
32:52 IL7 32.8 + 9.8 36.2 + 11.3 NS 
94.3 + 43.4 112.2 + 42.7 111.3 + 45.7 NS 
112.8 + 52.6 91.7 + 64.2 84.5 + 32.3 


NS 


Group 1, Nonusers of oral contraceptives. Group 2, Oral contraceptive users. 


dose oral contraceptives. The levels reached, a coherent 
time average of 5.2 + 0.9 and 5.7 + 0.7 U/ml, were 
well in excess of the reference range for our laboratory 
(2.4 to 3.8 U/ml) (Table TII). The values returned to 
basal levels 1 month after cessation of oral contraceptive 
use (3.9 + 0.6 U/ml). Plasminogen activity levels were 
unaffected throughout the study in group 1 subjects. 
Antiplasmin (a-antiplasmin inhibitor) is a protease 
that inhibits 35% of the plasmin generated from plas- 
minogen and thus has a most important biologic role 
in homeostasis. A decrease in this fraction liberates plas- 
min activity and has been known to cause a dangerous 
bleeding diathesis. Although the decreased levels noted 
in the present study were not statistically significant 
(p < 0.06), the values at 3 and 6 months of treatment 
(64.3% + 17.0% and 71.9% + 13. 0%) were beyond 
our laboratory’s normal range, reflecting a potential for 
a true biologic effect. Huisveld et al.” recorded a sig- 
nificant decrease in o,.-plasmin inhibitor activity in fe- 
male cyclists using oral contraceptives. Their subjects, 
however, were studied within 1 minute of a bicycle er- 
gometer test; acute exercise is known to stimulate fi- 
brinolytic activity. Given the stable o,-antiplasmin levels 
in group 1, the decreased a,-antiplasmin levels during 
oral contraceptive use (group 2) and the return to basal 
levels at the 7-month test interval appears to be a treat- 
ment effect. The mechanism is not known, but a similar 
event in a slightly older population of sedentary women 
has been observed previously and has been attributed 
to the progestin in the oral contraceptive.” 
Antithrombin iI accounts for at least 50% of the 
¢ Hoo o . AS summarized else- 








“ceptives (those containing 30 to 35 yg of ethinyl estra- 
a diol) are associated with either no significant change, 
_ ` of a much reduced effect when compared with higher- 
dose preparations (=50 ug of ethinyl estradiol). The 

level at which antithrombin III would allow thrombus 
formation is thought to be at 50% of its normal activity. 

The antithrombin IH activity levels in both the treated 

and control groups remained in excess of 100% 
throughout the duration of the study (Table V). Ex- 
ercise-induced increases in this parameter were not ob- 
served.’ Y The less potent thrombin inhibitors, o,-an- 
titrypsin and a,-macroglobulin, may also be regarded 

s “clot preventors,” and they too were either unaf- 
fected or increased: Q,-antitrypsin antigen increased 
significantly (p < 0.0001) in group 2 women at 3 and 
6 months of treatment (Table V). 

Prothrombin times and activated partial thrombo- 
plastin times represent activity of the extrinsic and the 
intrinsic pathways of the coagulation cascade, respec- 
tively. Oral contraceptive usage resulted in a decrease 
in prothrombin time (p = 0.07) and a significant de- 
crease in thrombin time (p < 0.007). This parameter 
reflects the conversion of fibrinogen to fibrin and was 
associated with an observed (but nonsignificant) in- 

f crease in fibrinogen antigen which persisted for 
E month after treatment had been stopped. These 
oe changes are well within the reference range for our 
laboratory, and it is unlikely that they represent a 
change that would result in a biologic effect. 

Despite the difficulty of interpreting the clinical ef- 
fect of the hematologic changes induced by oral con- 
traceptives and the fact that there are no tests that can 
actually predict clot formation,” it is still reasonable to 
conclude that an increase in overall fibrinolytic activity 
should counteract thrombus formation." Our study did 
not set out to determine the effect of exercise per se 
on the hemostatic mechanism. The results show that 
the use of oral contraceptives had no adverse effect on 
the dynamic tests of coagulation and actually enhanced 
certain factors that may have a proanticoagulant effect. 

It is well established that the risk of developing cor- 
onary heart disease is inversely related to the level of 
high-density lipoprotein/cholesterol.”’ This fraction is 
lowered by oral contraceptives in direct proportion to 
the potency (or dose) of the progestogen” but is in- 
creased by exercise.’ Williams et al.* have shown that 
elevated plasma concentrations of high-density lipo- 
protein/cholesterol occur only when a threshold exer- 
3 < cise level of 10 miles per week is run and is maintained 
_ for at least 9 months. It is also important to ensure that 
udy Participants are actively training when tested, 
> a 3-day test can reverse exercise-induced eleva- 
ns of high-density: lipoprotein/cholesterol and low- 
serum cholesterol values.” All of our study sub- 
met these requirements. By lowering the proges- 



















































togen component or the ratio of the progestogen 
estrogen, one can anticipate a lesser effect on the hig 
density lipoprotein/cholesterol moiety.” When this 1 reg 
imen is combined with a regular exercise prograr | 
no change should therefore occur. This was in. fa 
reflected in the results of the present study. Serum 
cholesterol and triglycerides, total high-density lipo: 
protein, high-density lipoprotein/cholesterol and high- 
density lipoprotein subfraction 2, levels were unaf- 
fected for the entire 7-month duration of the study 
The high-density lipoprotein subfraction 2, level in € 
oral contraceptive users did show a progressive fall, b ut 
the change was not statistically significant. The lipid 
and lipoprotein levels were compatible with thos i 
found in athletes and are in agreement with the. st 
of Gray et al.” They studied the effect of oral cont 
ceptives on the lipid profile (serum cholesterol, trigly 
eride, high-density lipoprotein/cholesterol and lo 
density lipoprotein/cholesterol) of five women runn 
and compared these results with six runners who w 
not receiving oral contraceptives. No significant diffe 
ences in the lipid profile of the two groups were found 
in this cross-sectional study. = 
Given the small sample size and a relatively shoi 
duration of observation, it would be unwise to project 
the conclusion of this study to the general population. 
Nevertheless, we have shown that low-dose oral con- 
traceptives given to physically fit young women did de 
crease their functional aerobic capacity and could res 
in a decrease in the maximal performance ability o 
athletes. There was no adverse effect on the hemostati : 
mechanism or the lipid-lipoprotein profile. E 








The statistical analysis was performed by Jane Pen- 
dergast, Ph.D., Department of Biostatistics, Unive 
of Florida College of Medicine, and the lipid a 
poprotein analysis by Tom Grow, Ph.D., Departr 
of Basic Dental Science, College of Dentistr y. Univers 
of Florida. 5 
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Reassessment of White’s classification and Pedersen’s 
- prognostically bad signs of diabetic pregnancies in 
insulin-dependent diabetic pregnancies 


Michael P. Diamond, M.D., Sheron L. Salyer, R.N.C., William K. Vaughn, Ph.D., 


Robert Cotton, M.D., and Frank H. Boehm, M.D. 
Nashville, Tennessee 


The classification systems developed over 20 years ago by White and Pedersen identified diabetic 
pregnancies at increased risk for perinatal mortality. To assess whether these same criteria would 
currently be valid, 199 diabetic pregnancies with deliveries from 1977 to 1983 were reviewed. Perinatai 
mortality rates for White's Classes B gestational (n = 72), B (n = 27), C (n = 67), andD+F +R 

(n = 33) were 2.9%, 11.1%, 14.9%, and 21.1%, respectively (p < 0.05). White’s classes were also 
predictive of pulmonary morbidity (12.5%, 18.5%, 22.4%, and 42.4%, respectively). The presence of one 
or more of the prognostically bad signs of pregnancy (n = 76) increased the perinatal mortality rate to 
17.1% versus 7.3% among insulin-dependent diabetic pregnancies without prognostically bad signs 

(p < 0.05). The presence of any prognostically bad signs of pregnancy was also predictive of pulmonary 
morbidity in general (31.6% versus 16.3%, respectively) and hyaline membrane disease in particular 
(13.2% versus 4.1%, respectively). Thus with use of modern obstetric management and medical care of 
the pregnant diabetic patient, both White’s classification and Pedersen’s prognostically bad signs of 
pregnancy continue to be predictive of perinatal mortality. (Am J Osstet GyNnecoi 1987:156:599-604. } 


Key words: Diabetes, pregnancy, White’s classification, reassessment, Pedersen’s 


prognostically bad signs 


In the late 1940s White devised a classification of 
diabetic pregnancies which established more precise 
predictions of the perinatal mortality rate.' This system 
was based on prepregnancy characteristics of the 
mother, namely, the duration of diabetes, the age of 
onset, and the presence or absence of diabetic vascular 
complications. Subsequently, in the 1960s Pedersen and 
associates described another system for predicting peri- 
natal mortality in diabetic pregnancies, which comple- 
mented White’s classification. This second system iden- 
tified a poorer outcome in those pregnancies in which 
one of the following four prognostically bad signs of 
pregnancy developed during pregnancy: diabetic ke- 
tocidosis, pregnancy-induced hypertension, pyelone- 
phritis, or maternal neglect.” * 

However, since the introduction of these predictive 
classification systems, the medical care, obstetric man- 
agement, and neonatal treatment of the pregnant di- 
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abetic patient and her infant changed dramatically. 
Modern advances include the use and application of 
ultrasound, assessment of fetal well-being by nonstress 
tests, oxytocin challenge tests, and biophysical pr ofiles, 
the prediction of fetal lung maturity, and advances in 
treatment of prematurity and neonatal respirato: ws 
distress." Consequently, questions have arisen as. to 
whether the current application of White’s classificatio 
and Pedersen’s prognostically bad signs continues to 
possess predictive value in the identification of preg- 
nancies at increased risk for perinatal mortality. 
This report examines the value of these classification 
systems in the prediction of perinatal mortality in in- 
sulin-dependent diabetic pregnancies. Furthermore, it | — 
evaluates whether White’s classification or Pedersen’s — 
prognostically bad signs are of predictive value in iden- 
tifying infants with an increased risk of developing the 
various types of neonatal morbidity to which infants of i 
diabetic pregnancies are predisposed. cae 


Material and methods | 
The patient population for this report consisted of 
all insulin-dependent diabetic women who delivered 
ati a 7-year desea om a I, 1977, 





complished A a review of the. medical r recor 
women and their infants. OS 




















rernal factors 














Outcome of insulin-dependent diabetic pregnancies according to White's classification — 


Bg (n = 72) 





White's Class 
B {n = 27) 





Mean 


Age (yr) 30.4 + 0.7 30.1 + 1.2 
Previous stillbirths 10 13.9 4 14.8 
stimated gestational age at 37.3 + 0.3 36.3 + 0.7 
delivery (wk) 
‘Total hospital days 11.4 + 0.8 11.9 + 1.4 
Brana factors 
Pa "Normal 41 57.7 13 50.0 
Neonatal intensive care 30 42.2 13 50.0 
Unit 
Aga score 
6.9 + 0.2 6.2 + 0.5 
8.4 + 0.1 7.6 + 0.5. 
3229 + 84 2954 + 181 
21 29.2 10 37.0 
sith i injuries 4 5.6 0 0.0 
tespiratory distress (total) 9 12.5 5 18.5 
valine membrane disease 4 5.6 l 3.7 
9 12.5 10 37.0 
l 1.4 3 LII 
18 25.0 3 ili 
2 29 0 0.0 
5 6.9 6 22.2 
l 1.4 1 (1)* 3.7 
1 (1) 1.4 2 (2) 7.4 
2 (1) 2.9 3 (3) 11.1 






























M nagement of these insulin-dependent diabetic 
mancies has been previously described.” Briefly 
2d, the principle of obstetric care of these women 
jas been an increasing reliance on outpatient manage- 
while awaiting development of fetal pulmonary 
ty, at which time delivery was initiated. Hospital 
ions are now limited to those for obstetric in- 
ns or delivery. 





ose homeostasis at the initial presentation for 
l -dependent diabetes or as soon as the need for 
management of gestational diabetes was deter- 
This evaluation was performed at home and 
posed of 3 days of measuring glucose “day 
‘Day curves consisted of blood glucose levels 
red in the fasting state and postprandial levels 
measured 2 hours after breakfast, lunch, and dinner. 
` Target glucose values were <100 mg/dl during fasting 
; and <150. mg/dl: after meals. During this introduction 
period. the patients v were instructed in the home mea- 
surement, of day curves by means of Chemstrips (Bio- 
- Dynamics, I diana), the composition of 
an American D D tio: diabetic diet of ap- 
proximately 3 gra am of ideal body 





























bers in parentheses indicate deaths associated with congenital malformations. 


weight, the measurement of urine cus: the admin- 
istration of insulin, and the principles of diabetic care. 
These women subsequently performed a day curve 
measurement once a week and phoned these results to 
the nurse clinician who would consult with a physician 
regarding possible alterations in insulin doses. Insulin 
administration usually consisted of twice daily injections 
of a mixture of aeut protamine Hagedorn and reg- 
ular insulin. : 

The mainstay of our antepartum fetal monitoring 
system has been the nonstress test, which is currently 
performed twice weekly beginning at 32 weeks’ gesta- 
tion and continuing until delivery. (During the first 3 
years of the study, nonstress tests were performed 
weekly.) If fetal well- -being could not be established by 
the nonstress test, evaluation was continued with use 
of contraction stress tests and biophysical profiles as 
described previously.’ Pregnancy was continued until 
the oe of spontaneous | term, labor « or until 





White's Class 





C {n = 67) 


23.6 + 0.5 
5 7.5 4 

36.3 + 0.4 

13.0 + LI 
20 33.3 8 
40 66.7 21 

6.9 + 0.3 

8.0 + 0.3 

3145 + 126 
28 41.8 3 
2 3.0 0 
15 22.4 14 
5 7.5 5 
14 20.9 7 
2 3.0 2 
20 29.9 7 
5 7.5 3 
9 13.4 6 


limited to those identified in the nursery. Diagnosis of 
neonatal pulmonary morbidity in general and hyaline 
membrane disease in particular was obtained from the 
neonatal intensive care unit and based on published 
= _ criteria.” Pulmonary morbidity refers to the occur- 
_. rence of all types of neonatal pulmonary difficulties 
AF including hyaline membrane disease, type II respira- 
tory distress syndrome, pulmonary edema, meconium 
_ pneumonitis, and pneumonia. Neonatal morbidity was 
defined for the purpose of this report as previously 
described:* neonatal hypoglycemia as a glucose level of 
<40 mg/dl in infants weighing =2000 gm and a level 
of <30 mg/dl in infants weighing <2000 gm; hypo- 
calcemia as a calcium level of <7. mg/dl; hyperbiliru- 
binemia as a bilirubin of 212 mg/dl;; polycythemia as 
a hematocrit of =70%; macrosomia as a birth weight 
greater than the ninetieth percentile at each gestational 
age. 
- For the purpose of analysis, White's Class B was sub- 
ided into- those women who were not receiving in- 
j€ fore pregnancy (gestational diabetic patients, 
those re sulin before pregnancy (B). 
he perioc idy an attempt was routinely 

























gestational diabetes by dietary. 
| n insulin were un- 

















Reassessment of classification of diabe 


D+F +R (n = 33) 





Mean + SEM 


22.9 + 0.8 
12.1 
35.3 + 0.7 
14.7 = 3.0 
27.6 
72.4 
6.7 + 0.4 
8.1 + 0.4 
2602 + 160 
9.1 
0.6 
42.4 
15.2 
21.2 
6.0 
21.2 
9.1 
18.2 


10.6 + 2.1 



















able to be managed successfully by diet alone « o 
markedly elevated fasting blood sugar (usually > 
mg/dl). Classes D, F, and R were grouped togett 
facilitate statistical analysis. As such, this group 
resents patients with long-standing diabetes ane 
abetic complications. Statistical analysis was pe rfo 
by the x’ test, Fisher’s exact test, and the unp 
test. All data are expressed as mean + SEM. Stat 
significance was defined as p < 0.05. Far 


Results 


During the 7 years of this evaluation, 199 ; wome 
with insulin-dependent diabetes mellitus delivere 
Vanderbilt University Medical Center. Grouped b 
White’s classification 99 were Class B, of which 72 w 
gestational (Bg), and 27 were insulin depend 
fore pregnancy (B). Sixty-seven were Class C, 20: ; 
Class D, six were Class F, and nine were Class. RL) 
ternal age at the time of delivery decreased in as 
ation with CONE White s classification ( 






































rognostically bad signs of diabetic pregnancies 





Mean + SEM 
au padl factors 


Age (yr) 24.5 + 0.6 
= Previous stillbirths 8 


Estimated gestational age 36.2 + 0.4 
> at delivery (wk) 
<. Total hospital days 143+ 1.1 
< Neonatal factors 


-o Nursery 
Normal 17 
o Neonatal intensive 49 
fans care unit 
a _ Apgar score 


t minute 6.4 + 0.3 
~ o> 5 minute 7.8 + 0.3 
Weight (gm) 2970 + 115 
“Macrosomia 24 
‘Birth injuries 2 
= Respiratory distress 24 
¿< (total) 
_Hyaline membrane 10 
“disease 
lypoglycemia l4 
a Įypocalcemia 5 
— Hyperbilirubinemia 90) 
© Polycythemia 0 
T Congenital anomalies li 
o De ath* 
Intrauterine fetal 10 (4)* 
~~ death 
: Nursery 3 (2) 
Total 13 (6) 
Total hospital days 8.4 + 1.0 


‘diffetence in the rate of previous stillbirths or the 
length of maternal hospitalization during the prenatal 
and postpartum periods (Table 1). 

E Vith regard to neonatal morbidity, there was an in- 
ased likelihood of admission to the neonatal inten- 
sive care unit with advancing White’s classification 














the nly Hae diferente was age groups Be 
and B. Compared to the D + F + R group, the mean 
weights of infants in all of the other groups was higher, 
though this difference was only significant for groups 
Bg and C. Macrosomia was significantly less common 
G in group D + F + R than in any of the other groups. 
< There was a significant increase in the rates of neo- 
| natal pulmonary morbidity in association with advanc- 
-ing White's classification (p = - 0.0123), While a similar 
| "trend w was. is see for the: occurrence of hyaline membrane 
t gnificance. The rates 
iyperbilirubinemia, 









: and polycythermia wer ere a 


le IE Outcome of recent insulin-dependent diabetic pregnancies with and without Pedersen’ s 


With prognostically bad signs 


e not di ferent between. the 













Without prognostically bad signs 


98.1 + 0.6 <0.0005 
10.5 15 12.2 NS 
36.7 + 0.3 NS 
1i.4 + 0.6 <0.005 
25.8 62 51.7 oe 
749 58 483 <0.005 
7.0 + 0.2 NS 
83+ 0.1 NS 
3125 + 76 NS 
31.6 38 30.9 NS 
2.6 5 4,] NS 
31.6 20 16.3 <0.02 
13.2 5 4.1 <0.02 
18.4 27 22.0 NS 
6.6 3 2 4 NS 
26.3 28 2.8 NS 
0.0 10 R.I <0.02 
14.5 15 12.9 NS 
13.2 3 (2) 2 4 <0.005 
3.9 6 (5) 4.9 NS 
17.1 9 (7) 73 <0.04 
6.8 + 0.5 NS 
















umbers in parentheses indicate deaths associated with congenital malformations. 


groups. The rate of congenital anomalies was lowest in 
the gestational diabetic patients, but there was no Sta- 
tistical significance. The perinatal death rate increased 
in association with advancing disease according to 
White's classification. This increase represented in- 
creases in both the rate of intrauterine fetal deaths and 
nursery deaths, although the trend in neither of those 
groups individually reached statistical significance. (Of 
the 22 intrauterine and nursery deaths, 13 were due 
to congenital anomalies incompatible with life.) 
Pedersen’s prognostically bad signs were identified 
in 76 pregnancies. The most frequent was pregnancy- 
induced hypertension, which was identified in 41. Di- 
abetic ketoacidosis occurred in 21 pregnancies; of these 
infants, seven died intrauterine and one in the nursery. 
Mothers were characterized as neglectors in 14 preg- 
nancies. Pyelonephritis only occurred during: six preg- 


nancies; however, © one. z fetal death was observed i in that a 








| youtiger (p < 0.0005) and had a greater length of hos- 
| pitalization (p < 0.0005); however, there was no dif- 
ference in the rate of previous stillbirths or the gesta- 
tional age at delivery. With regard to neonatal outcome, 
infants born to pregnancies with a prognostically bad 
sign were significantly more likely to be admitted to the 
neonatal intensive care unit (p = 0.025), although their 
total length of hospitalization was not significantly in- 
creased. There was no difference in Apgar scores be- 
tween the two groups, and there was no difference in 
the birth weights or birth injuries. Polycythemia oc- 
curred in 10 infants, all of whom were in the group 
without prognostically bad signs. There was no differ- 
ence in the rates of hypoglycemia, hypocalcemia, hy- 
perbilirubinemia, macrosomia, or congenital anoma- 
lies. However, pulmonary morbidity in general was sig- 
nificantly increased in the group with prognostically 
bad signs (p = 9.0014), as was the occurrence of hya- 
line membrane disease in particular (p = 0.0182). Fi- 
nally, the perinatal death rate was significantly higher 
in the group with prognostically bad signs (p = 
0.0324). This represented an increased rate of intra- 
uterine fetal death in that group (p = 0.0029), which 
was primarily composed of intrauterine fetal death in 
women with diabetic ketoacidosis or in neglectors. 


Comment 


Recognition of the increased risks to which infants 
of diabetic mothers are predisposed has been described 
since before the turn of the century. White’s classifi- 
cation and Pedersen’s prognostically bad signs each 
characterized diabetic pregnancies, identifying those 
infants at risk for perinatal mortality. 

In her review of 78 fetal deaths in 439 diabetic preg- 
nancies (18%), White’ concluded that the worst mater- 
nal prognostic factor was the degree of vascular disease. 


Other factors identified included the age of onset of 


diabetes and its duration. Regarding stillbirths in the 
diabetic population, White observed that 68% occurred 
after 35 weeks’ gestation, while congenital anomalies 
were responsible for 15% of the neonatal deaths. 

In their report describing 304 diabetic pregnancies 
Pedersen and Pederson’ identified a perinatal mortality 
rate of 18%. Among pregnancies in which a prognosti- 
cally bad sign was present, the perinatal mortality rate 
was 32%, as compared to only 8% in pregnancies with- 
out prognostically bad signs. Examining the factors that 
constitute prognostically bad signs individually, the fol- 
lowing perinatal mortality rates were identified: py- 
elorephritis, 41%; diabetic ketoacidosis, 37%; severe 
toxemia, 38%; less severe toxemia, 24%; neglectors, 

38%. White's classification was also found to be pre- 
o -dictive of the perinatal mortality rate in their patient 

population. 

© The potential quality of diabetic pregnancies can be 

markedly improved. Ina group of patients maintained 
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during pregnancy under meticulous metabolic control, — 
the complications to which infants of diabetics mothers — 
were predisposed were totally eliminated. Other re- 
cent reports have also described substantial reductions 
in the complications of diabetic pregnancies compared. _ 
to those early reports, with one exception, the contin- TA 
ued occurrence of an increased rate of congenital — 
anomalies. The failure to reduce the rate of anomalies 
is believed to be due to the failure to establish good |. 
metabolic control during the period of embryogene- 
sis,'* since this often occurs before women realize they — 
are pregnant. Further support for this hypothesis was g 
a report describing a significant reduction in the oc- a 
currence of anomalies in diabetic women who under- 
went intensive metabolic regulation before the ume of | 
conception. Thus there should be a good pr none m 
for the outcome of diabetic pregnancies. a 
In view of the improvements in medical care, ob- ga. 
stetric management, and neonatal treatment that have 4 
occurred and are reflected in those recent reports, a o 
question has been raised: do these classification systems. ae 
still provide predictive value with regard tothe outcome 0 
of diabetic pregnancies? This report examines the de- 
gree of attainment of this potential, as well as prognostic. 
significance of White’s classification and Pedersen’s | 
prognostically bad signs of pregnancy. Since Vanderbilt 
University Medical Center is a tertiary care referral o 
center, the pregnancies delivered here represent a wide n 
variety of clinical situations. Among the pregnancies o 
described in this report the situations range from that 
of women who presented for metabolic regulation be 
fore the time of conception to women who presente 
for the first time at our center in diabetic ketoacidos 
and with a fetus with intrauterine death. a 
Reassessment of our patient population by White's” ; 
classification demonstrated that this classification cone = 
tinues to be of prognostic significance with regi ard to 
perinatal mortality. Similarly, Pedersen’s prognostically 
bad signs were also found to continue to be of proge 
nostic significance in the identification of diabetic preg- ~ 
nancies at risk for perinatal mortality. Of further in- 
terest, however, is the observation that the perinatal. : 
mortality was associated principally with one of three - 3 
situations: fetal congenital anomalies, maternal neglec- we 
tors, and women referred to our center late in their. a 
gestations with either maternal or fetal complications. 
Nevertheless, when our patient population as a whole | 
is considered, each of these classification systems main- 
tains its prognostic significance for the identification of 
perinatal mortality. ae 
This report also identified an association between = 
each classification system and the occurrence of ne : 
natal pulmonary morbidity in infants. Among women. 
with prognostically bad signs of pregnancy, respirato 
distress in infants was twice as common as in those 
women without prognostically bad signs. Similarly, ; 











































ison: of j tee two groups, the incidence of 
rane disease in the infants was three times 
en pregnancies were grouped by White’s 
ication, pulmonary morbidity in general was sig- 
t ly correlated with advancing disease according 
řhite’ s classification. There was also a trend for an 
eased incidence of hyaline membrane disease in 
ciation with advanced disease according to White’s 
lassification although this did not reach statistical sig- 
ance. Although each of these latter relationships 
may have been related to the gestational age of delivery 
the infants, it nevertheless establishes that women 
a higher White’s classification are at increased risk 
iaving infants with respiratory difficulties. 

1 regard to other types of neonatal outcome, av- 
l jirth weight by White’s classification was least in 
D+ F + R group. The infants in the D + F + R 
roup were also significantly less likely to have macro- 
somia (which is based on both the weight and gesta- 
age at delivery). This may indicate a relative im- 
ent in uteroplacental function in these women 
with advanced classes of diabetes as compared to 
oups Bg, B, and C. The explanation for the increased 
occurrence of polycythemia in infants of pregnancies 
thout. prognostically bad signs is unclear. Neither ad- 
vanced White's classification nor prognostically bad 
igns were predictive of other types of neonatal mor- 
J idity. 

-In summary, this report has established the contin- 
d usefulness of both White’s classification and Ped- 
sen’s prognostically bad signs of diabetic pregnancies 
identifying diabetic pregnancies at risk for the oc- 
ence of perinatal mortality. Each of these also ap- 
pears to be predictive of the occurrence of neonatal 
espiratory difficulties. 
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Between 1972 and 1982, 186 women died as a result of legal abortion in the United States. The overall 
death rate resulting from legal abortion dropped nearly fivefold, from 4.1 per 100,000 abortions in 1972 to 
0.8 in 1982. Women who were older, black, of high parity, and had abortions at a later gestational age 
were at increased risk of death throughout the 11 years of surveillance. During this period, the death rate 
decreased for abortions at all stages of gestation; the greatest decrease was with abortions performed 
during the second trimester. For the entire interval, mortality rates were highest for abortions performed by 
hysterotomy or hysterectomy and lowest for abortions performed by curettage. Before 1977, the most 

_ common causes of abortion-related death were infection, hemorrhage, and general anesthesia 
complications, respectively. Thereafter, hemorrhage became the most common cause of abortion-related 

- death, followed in number by general anesthesia complications. Our findings suggest that there has been 
a marked decrease in septic legal abortion deaths, but potentially preventable deaths from general 
anesthesia and hemorrhage remain an important concern. Use of general anesthetics during first-trimester 
abortions should be carefully reviewed. (Am J Oastet Gynecol 1987;156:605-12.) 


Key words: Abortion, mortality, maternal mortality 


In 1982, 1] women died as a result of legal abortion 
in the United States. This represented a 57% increase 
over the reported number of deaths in 1981 and a 56% 
_-». inerease in the death-to-case rate. In addition, several 
- changes in the characteristics of women both obtaining 
l and: dying of legal abortion and in the causes of legal 
- abortion—related deaths have been observed recently.’ 
These observations prompted a review of all abortion- 
related deaths identified through the Centers for Dis- 
ease Control’s abortion mortality surveillance for the 
period 1972 to 1982. 
In this review, we analyze temporal trends in abortion 
mortality and study the factors that place a woman at 
.. increased risk of dying from legal abortion. We also 
_ describe the change in the leading causes of death from 
legal abortion and the change in each risk factor’s con- 
tribution to abortion mortality over a period of time. 





Methods 

Abortion-related deaths are identified by the CDC 
from a variety of sources including the National Center 
for Health Statistics, state health departments, reports 
from abortion facilities and medical personnel, state 
medical and hospital associations, and state maternal 
mortality review committees. Each reported death is 






A From the Division of Reproductive Health and the Division of Nu- 
© - rition, Center for Health Promotion and Education, Centers for 
aed ; Disease Control, United States Public Health Service. 
eceived fo aee l 986; revised August 28, 1986; 
‘pied Octobe F986... 








egal abortion mortality in the United States: 1972 to 1982 _ 


-Hani K. Atrash, M.D., H. Trent MacKay, M.D., Nancy J. Binkin, M.D., and 




















thoroughly investigated by examination of medical re ec 
ords and coroners’ reports and is categorized as leg 
illegal, spontaneous, or non—abortion related. Al 
tion-related deaths are defined as deaths resulting fron 
a direct complication of an abortion, an indirect coi 
plication caused by the chain of events initiated by 
abortion, or an aggravation of a preexisting condi 
by the physiologic or psychological effects of the. al 
tion. We defined legal abortion as an abortion | 
formed by a licensed physician or someone acting 
der the supervision of a licensed physician. a 

We used data from the annual CDC abortion. st 
veillance to provide denominators for the death-to- ; 
rates.' Because all states do not report on each vari 3 
we applied the percentage distribution for those v 
ables on which we had information to the total namit 
of reported abortions. n g 

Because of the small number of abortion 
deaths, particularly in the demographic and 
subcategories, for the purposes of comp 
elected to aggregate the data into two temporal g 
deaths occurring from 1972 to 1976 and those 
ring from 1977 to 1982. r 

To describe the risk of death following vario T 
tion procedures, we used four categories of abe 
procedures. Suction curettage, sharp curettage, a : 
latation and evacuation procedures performed 
weeks’ gestation were categorized as curettage 
dures.' The second procedure category, dilatati 
evacuation, included procedures in the fi 
that were done at =] 3 weeks’ gestation. M 
all instillation procedures into a th ird 
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Fig. 1. Legal abortion mortality by year, United States, 1972 to 1982. 
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rotomy and hysterectomy procedures were combined 
to form a fourth group. 

e relative risks and confidence intervals were cal- 
al ed by the Mantel-Haenzel method as described by 
Rothman and Boice.” 





Results 

ne hundred eighty-six legal abortion—related 
deaths were identified and investigated during 1972 to 
| 1982. The legal abortion mortality rate has decreased 
: "steadily s since 1972. Overall, the rate dropped 4.9-fold, 
= -from 4. 1 per | 100 ,000 procedures in 1972 to 0.8 per 
100, 000 procedures i in 1982' (Fig. 1). In three instances 
| 1977, 197 9, anc | 1982) t the number and rate of abortion 
o deaths w were. e higher tl than those: of the immediately pre- 
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Fig. 2. Legal abortion mortality by age, United States, 1972 to 1976 and 1977 to 1982. 


ceding year. For the composite years 1972 to 1976, the _ 
abortion mortality rate was 3.0 per 100,000 procedures, — 
whereas for 1977 to 1982, the abortion mortality rate 
was 1.0 per 100,000 procedures. 

Age. The risk of legal abortion—related mortality in- 
creased with age (Table I), but the magnitude of the 
risk decreased over the period of time. Between 1972 
and 1976, women aged <19 years had a death-to-case 
rate of 1.9 per 100,000 in comparison with a death-to- 
case rate of 4.3 per 100,000 for women aged 30 to 44 
years, giving a relative risk of 2.3. The: comparable : 







figures for 1977 and 1982 were 0.8 per 100,000 for T 


women aged =19 years. and 1.6 per 10) 
aie 30 to 44 ron S, Bi 













: characteristics, 1972-1982 


Relative risk 
Characteristic Deaths Abortions Mortality rate* (95% CL) 
Age (yr) 
=19 4l 3,394,957 1.2 Referent 
20-24 61 3,829,883 1.6 1.3 (0.9-2.0) 
25-29 37 2,134,957 1.7 1.4 (0.9-2.2) 
30-34 25 1,110,772 23 1.9 (1.1-3.0) 
35-39 16 539,562 3.0 2.5 (L4-4.3)f 
40-44 6 190,529 32 2.6 (1.1-6.0)F 
Race 
White 84 7,731,584 Li Referent 
Black and other 102 3,469,076 2.9 2.7 (2.1-3.6)F 
Parity 
0 72 6,057,216 1.2 Referent 
l 32 2,190,233 1.5 1.2 (0.8-1.9) 
2 34 1,590,862 2.1 1.8 (1.2-2.7)+ 
23 48 1,362,349 3.5 3.0 (2.1-4.2)7 
Region 
West 33 2,748,248 1.2 Referent 
North Central 34 2,165,326 1.6. 1.3 (0.8-2.1) 
Northeast 56 3,339,413 1.7 14 (0.9-2.1 
South 63 2,947,673 2.1 1.8 (1.2-2.7)+ 
Method 
Curettage 82 9,943,057 0.8 Referent 
D&E 28 544,689 5.1 6.2 (4.3-9.1)t 
Instillation 56 552,238 10.1 12.3 (9.4-16.0)7 
H/H lI 24,540 44.8 54.4 (38.4-76.9)+ 
Gestation (wk) 
=8 26 5,398,877 0.5 Referent 
9-10 33 3,079,493 Ll 2.2 (1.3-3.7) 
11-12 27 1,517,986 1.8 3.7 (2.2-6. It 
13-15 24 555,730 4.3 9.0 (5.7-14.2)+ 
16-20 59 529,698 11.1 23.1 (16.9-31.7)7 
22] 14 118,876 11.8 24.5 (15.8-37. Oy 





*Rate per 100,000 procedures; CL = confidence limits; D&E = dilatation and evacuation; H/H = hysterectomy ep bys 


terotomy. 
Significant at p < 0.05. 


diate level of risk from 1972 to 1976, but in 1977 to 
1982 they had virtually the same risk as women 19 years 
old or younger (Fig. 2). 

Race. Women of black and other races had a higher 
risk of mortality than white women during both time 
periods (Fig. 3). Athough the magnitude of risk de- 
creased for all races, the decline was greatest among 
whites. As a result, the relative risk for women of black 
and other races actually increased over the period of 
time (Fig. 3). From 1972 to 1976, the death-to-case rate 
for white women was 2.0 per 100,000, whereas for 
women of black and other races the rate was 5.3 per 
100,000, yielding a relative risk of 2.6. From 1977 to 
1982, the rate for white women was 0.6 per 100,000, 
whereas for women of black and other races the rate 
was 1.8 per 100,000, yielding a relative risk of 3.0. 

Parity. The risk of mortality increased with increas- 


: o ing parity (Table I). This finding was observed for both 
"time periods (Fig. 4), although the magnitude of risk 


| decreased over the period of time. From 1972 to 1976, 
nulliparous women had a death-to-case rate of 2.4 per 


1 900, whereas y wom with three or more previous 





Table L i Legal abortions, abortion-related deaths, and deaths per 100,000 procedures by selected 

















births had a rate of 4.8 per 100,000, yielding a relative _ 
risk of 2.0. From 1977 to 1982, nulliparous women had 
a rate of 0.7 per 100,000 whereas women with three 
or more previous births had a rate of 2.3 per 100, 000, r 
yielding a relative risk of 3.3. ra 
Gestational age. The risk of dying from legal abot: eo 
tion increased steadily with increasing gestation time. g = 
From 1972 to 1982, abortions performed at <8 ges- 
tational weeks carried the lowest rate of mortality—0.5 - 
deaths per 100,000 procedures (Table 1). In compari- 
son, abortions performed at 9 to 10 weeks’ gestation : 
had a 2.2 times higher risk of death; the risk increased 
to 24.5 times at >21 gestational weeks (Table I). The. _ 
risk of death increased with increasing gestation in both : 
time periods, although with time the magnitude of risk : 
in each gestational age group decreased (Fig. 5). The 
greatest decrease over the period of time: occurred. 
the =21-week group (89%), followed by the 13- to 
week group (74%), the 11- to 12-week. group 
the 9- to 10-week group (59%), and the 16- to 
group (55%). The decrease in mortality ri 
tions performed at <8 gestational weeks was | 
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Fig. 3. Legal abortion mortality by race, United States, 1972 to 1976 and 1977 to 1982. 
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Fig. 4. Legal abortion mortality by parity, United States, 1972 to 1976 and 1977 to 1982. 


seographic region. Women obtaining abortions in and hysterectomy. Over the period of time, the mor G 
OU th had the highest death-to-case rate in both tality rates for all methods except hysterotomy andhys- = 
jods. From 1972 to 1976, the lowest rate, 2.5 terectomy decreased. From 1972 to 1976, the death- 

00,000 procedures, was found in the Northeast, to-case rate for curettage abortion was 1. 3 per 100, 000, : 

ereas rate in the South was 4.3 per 100,000 (rel- whereas from 1977 to 1982, the rate was 0.6 per ee 
; 100,000, a decrease of >50%. From 1972 to 1976, the CER 
rate for dilatation and evacuation was 8.5 per ` 100,000, = 
dropping to 3.2 per 100, 0001 in 1977 to. 1982, a decrease Was 
of 62%. | a 
The greatest declines i in abortion. a mortality o over the 
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Fig. 5. Legal abortion mortality by gestation, United States, 1972 to 1976 and 1977 to 1982. 
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Fig. 6. Legal abortion mortality by region, United States, 1972 to 1976 and 1977 to 1982. 





a per 100,000 in 1972 to 1976, whereas the rate fell to 
3.2 per 100,000 from 1977 to 1982, a decrease of 76%. 
By contrast, the death-to-case rate associated with abor- 
tion by hysterotomy and hysterectomy actually in- 
creased from 44.7 per 100,000 in 1972 to 1976 to 58.5 
per 100,000 in 1977 to 1982. For all abortion proce- 
dures, the risk of death increased with increasing ges- 


tational age, and, for each gestational age, the risk of 


death was lowest for curettage abortion and highest for 
abortions done by hysterotomy and hysterectomy 
_ (Table 11). | | 
Causes of death. The leading causes of abortion- 
elated deaths in- both time periods were infection, 
€ morthage, complications of general anesthesia, am- 
iotic fluid embolism, and pulmonary embolism. Nev- 
although the number of A aes due to each 
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cause decreased over time, the proportion of de 

resulting from some causes decreased while the pro 
portion due to other causes increased. The propor 
of deaths from infections decreased from 26% in 
to 1976 to 13% in 1977 to 1982; the proporti 
sulting from amniotic fluid embolism decreased 
12% to 8%, and the proportion resulting fri 
monary embolism decreased from 11% to 7% 
ever, the proportion of deaths due to complica 
general anesthesia rose from 8% in 1972 to 1976 
18% in 1977 to 1982, and deaths due to hemor 
rose from 12% in 1972 to 1976 to 23% in 1977 to 
As a result of these shifts, the most freque z 
death during 1972 to 1976 was infecti 
number by hemorrhage, amniotic fit id 
monary embolism, and complicatio 


















































1972-1982 


Procedure 9.10 


ae Curettage 25* (05r 31 UO 
D&E . 

_ Instillation 

o Hysterotomy and hysterectomy 


Total 25 


2 (48.2) 
33 (LD 





SAN umber of deaths. 





esthesia, In 1977 to 1982, 
death was hemorrhage, followed in number by com- 
plications of general anesthesia, infection, amniotic 
ig & 

- fluid embolism, and pulmonary embolism. 

> The leading causes of death varied by age, race 
8 y ag 
< method, region, and gestational age. The racial and 
age differences, however, disappeared when we ad- 
justed for method of abortion. For cure — e aboruons 


the most frequent cause of 


the leading cause of death during the Il-year study 
interval was complications of general anesthesia, 
whereas for dilatation and evacuation it was infection, 
for instillation procedures it was amniotic fluid embo- 
lism, and for hysterotomy and hysterectomy it was pul- 
monary embolism. For abortions done at <12 weeks’ 
gestation, the leading cause of death was general an- 
esthesia complications, and for abortions done at >13 
weeks, infection was the leading cause of death. In the 
Northeast, the leading cause of abortion-related deaths 
how eee al pes eas a whereas in the 


cause o ai was ae 


_. Comment 

| -o Age, race, gestational age, and abortion method have 
-0 been repeatedly identified as risk factors for legal abor- 
tion mortality and morbidity.*” However, the risk as- 
-sociated with each of those variables has gd over 
= a period of time, Although age has continued to be a 
‘determinant of legal abortion mortality, it clearly has 
become less important. The declining mortality risk 
mong older women may be related to the improved 
nanagement of infection and pulmonary embolism, 
the leading causes of death in the older age group 
l -between 1972 and 1976. These two causes of death have 
ae had the greatest decrease between the two me periods. 
A portion of the difference in race-specific mortality 
-may be explained by differences in the gestational age 


= races havea smaller proportion of abortions performed 
at =R weeks’ gestation: (the safest. interval) and have a 
larger proportion; of abort tion at- l to 3:12 weeks, as well 


distribution between races. Women of black and other 





‘able IL. ‘Legal aoon deaths and mortality rates by gecentional age and e N precedute: 


Gestataional age (wk) 


1-120 | 


13-15 16-20 | 22] Total 
20- €1.8) 8&2 (0.8) 

14 (3.6) 12 (9.5) 2 (10.4) 98 (5.1) 

5 (5.03 1(10.9) 10 (11.7) 56 (10.1) 
1 (33.1) 3 (62.8) 4 (80.9) 1 (115.1) 11 (44.8) 
97 (1.8) 22 (43) 571.1) 13 (118) 


177 (1.6) 


-Numbers i in parentheses are mortality rates per 100,000 procedures. 
-Six cases done by other procedures and three cases with unknown gestation were excluded. 


as during the second trimester. In 1981 10.6% of white 
women obtaining legal abortions had the abortions dur- 
ing the second trimester, com pee with 12.9% of black 
women and those of other races.' Age differences do 
not explain the mortality difterences between the races 
because only very small differences in the age distri- 
bution between the race groups were found. (In 1981 
60.9% of white women obtaining legal abortions were 
=20 years old versus 64.4% of black and other 
women.) We are unable, however, to examine the ef- 
fects of other factors such as socioeconomic status, par- 
ity, marital status, and access to medical care—factors 
known to be associated with increased mortality. 

The effect of parity on abortion mortality may be 
confounded by age. However, we were unable to ex- 
amine this because of the lack of denominator data. 
Nonetheless, the magnitude of the relative risk is much 
greater with parity than with age, suggesting that age 
is unlikely to explain the whole difference. The con- 
sistently greater mortality in the South may be caused 
in part by the higher proportion of black women and 
those ef other races who undergo abortion in this re- 
gion.' The differential rates of decline and the variation 
in the causes of death in the four regions may be related 
to differences in medical practices. For example, dif- 
ferential decline in the use of general anesthetics or 
more aggressive management of complications in cer- 
tain regions could result in variable regional declines 
in mortality rates. 

The very high death-to-case rate with hysterectomy 
or hysterotomy in comparison with that of other meth- 
ods may be explained by both the probable higher risk 
status of women undergoing these procedures and the 
inherent risk of death from major surgical procedures," 
The marked drop over a period of time in the mortality 
rates associated with curettage, dilatation and evacua- 
tion, and instillation procedures probably reflects an - 


increase in operator skill resulting f rom postgraduate sis 


training oe ace emus’: experience: Ea 








vy = These changes result from the changing characteristics 
_ of women obtaining legal abortion as well as changing 
- medical practices. Mortality from infection may have 
-declined because of improved treatment, including 
more aggressive evacuation of retained tissues from the 
uterus and more aggressive use of antibiotics. Deaths 
from pulmonary embolism may have declined, at least 
in part, because of improved infection treatments lead- 
ing to a reduced likelihood of septic pelvic thrombo- 
phlebitis. In addition, improvements in the diagnosis 
and treatment of pulmonary embolism may have 
played a role in the decline. 

The continued role of general anesthesia deaths in 
abortion mortality is of concern. In several studies, the 
use of general anesthesia for abortion, compared with 
the use of local anesthesia, has been demonstrated to 
result in both higher morbidity and mortality. ® Fur- 
thermore, it is possible that some of the deaths resulting 
from hemorrhage are indirectly related to general an- 
esthesia use.™" 

Despite the increased risk associated with general an- 
esthesia, its use has remained relatively common. The 
Alan Guttmacher Institute estimated that in 1982, more 
than 50% of legal abortions done in Northeastern clin- 
ics and physicians’ offices (the region with the highest 
rates of general anesthesia—associated deaths) were 
performed in facilities offering only general or general 
and local anesthesia (personal communication). Al- 
though this percentage drops to 23.6 in the other three 
regions, the continued high levels of general anesthesia 
use is disturbing. 

Gestational age was the most important patient-re- 
lated variable associated with abortion mortality. There 
was more than a twentyfold difference in mortality be- 
tween abortions performed at <8 weeks and those per- 
formed at 16 to 20 weeks. Gestational age was a much 
stronger predictor of mortality than age, race, parity, 
or region of the country. The importance of gestational 
age as a risk factor for mortality is consistent with find- 
ings in many studies on morbidity associated with 
abortion.®’ 

Although we cannot be certain that all legal abortion— 
related deaths from 1972 to 1982 were reported to 
the CDC, we believe that the use of multiple report- 
ing sources decreases the likelihood that deaths are 
missed.” A study of maternal deaths in the United 
States between 1974 and 1978 relying on vital records 
only identified 141 abortion-related deaths, 63 of which 

___ were related to legal abortion.” In comparison, CDC’s 
“surveillance of abortion mortality identified 188 abor- 
tion-related deaths during the same period, 92 of which 
were. related to legal abortion. This represents a 46% 
a. n legal abortion mortality case identification 

h CDC’ s su rveillance system compared with vital 













































We used data from the annual CDC abortion sur- 
veillance to provide denominators for death- to-case 
rates. For most of the variables, denominator data were 
available for at least 75% of the total number of states 
reporting abortions. However, two variables, race (68 %) 
and parity (52%), had smaller known denominators. It — 
is unlikely that the characteristics of individuals in the | 
groups for whom the information was reported di 
fered markedly from those in groups for whom. tl! 
information was not reported. Nevertheless, if such di 
ferences existed, they could influence our results. - 

Before 1978, only univariate data on the dem 
graphic characteristics of women obtaining aborti 
were available from our abortion surveillance. Bivari 
data on the method of abortion and gestational å 
have been available since 1972 and were included 
the analysis. Because we were unable to perform mu 
tivariate analysis with most of our variables, we cannot 
discount their potential interactions affecting the 
death-to-case rates. Never ‘theless, we were able to. de . 
termine the magnitude of risk for each variable and 
thereby estimate its relative importance. l 

In conclusion, legal abortion mortality has drop W 
dramatically over the past decade. The decline wa 
more marked for older women, white women, ‘and 
women obtaining abortion at later gestational ages. The 
leading causes of death have changed because of a dif 
ferential in the rate of decline of various causes 6 
death. Hemorrhage and general anesthesia complica- 
tions have emerged as the leading causes of death and- 
are of major concern. The increased morbidity and 
mortality associated with general anesthesia compared- 
with local anesthesia have been repeatedly docu- 
mented. The use of general anesthesia during the first 
trimester should be carefully reviewed. As with other ` 
surgical procedures, women having abortions should | 
be counseled regarding the pros and cons of local and. 
general anesthesia; use of local anesthesia should. be a 
encouraged. General anesthesia should be used only A 
when appropriately trained staff and facilities for mon- 
itoring and resuscitation of patients are present. In ad- : 
dition, with the availability of intravenously adminis- 
tered fluids and blood products, it should be possible 
to prevent most legal abortion deaths caused by hëm-  . 
orrhage. | 
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<= The decision to terminate a pregnancy is often dif- 
ficult. The maximum gestational age at which termi- 
nation i is possible is determined by state law and insti- 
tutional policy but usually does not extend beyond 24 
weeks. Laminaria tents have been shown to be safe and 
ffective for cervical dilation preceding second-trimes- 
er abortion by instrumental evacuation.’ Two or three 
sets of multiple laminaria tents are used to achieve 2 
3 cm of cervical dilation for abortions beyond 18 
eks’. gestation.” Occasionally women who have de- 
ed. to terminate a pregnancy change their minds 
r multiple laminaria tents have achieved consider- 
cer vical dilation. Risks of infection or spontaneous 
bortion are unknown but are presumed to be high, 
perhaps without foundation. 
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She denied Paving ad pa sag ; 


successful pregnancy outcome after cervical dilation with 
ultiple laminaria tents in preparation for second-trimester 
ctive abortion: A report of two cases 


wo patients at 22 weeks’ gestation underwent extensive cervical dilation with laminaria tents for elective 
abortion but continued their pregnancies instead. Both had normal deliveries. For the unusual patient who 
ooses not to carry out an abortion initiated with cervical dilation, successful pregnancy is possible and 
i rapeutic intervention such as cervical cerclage seems inadvisable. (Am J OasteT Gyneco: 1987; 


Two patients who sought abortions at 22 weeks and 
subsequently changed their minds were followed up to 
uneventful delivery. In both cases many laminaria tents 
were placed in the cervix and later removed without 
complications. These two case histories provide some 
reassurance that normal pregnancy is possible for 
women who choose not to carry out an elective abortion 
already begun with laminaria insertion. 


Case reports 

Case 1. M. C., a 23-year-old woman, gravida, 4, 
para 1, elective abortions 2, was a heroin addict with 
unknown gestational age. She was incarcerated and 
desired termination of her pregnancy. Sonography 
showed a biparietal diameter consistent with 22 weeks’ 
gestation. Six medium laminaria tents were placed, fol- 
lowed by six additional tents the next day: Metroni- 
dazole was given for trichomonal vagit itis; gO o rhea 
culture was negative. The patient. w -from 
jail and, despite many urgent 1 
come to the clinic. Six days te 
that the laminaria tents we p 






























iý ; the membranes were intact, and she had no fever 
r contractions. The temperature was 97.4° F, and the 
‘abdomen was nontender. No laminaria tents were seen 
< and the cervix was long and closed. She still desired an 
abortion but failed to keep her next appointment. 

At 37 weeks’ gestation, with no prenatal care, she 
presented in labor and was rapidly delivered of a 
healthy 2790 gm female infant with Apgar scores of 
8 and 8. Labor and the postpartum course were un- 
complicated although the patient left against medical 
advice. 

Case 2. B. M., a 27-year-old woman, gravida 6, 
para 3, spontaneous abortions 2, presented at 22 weeks’ 
gestation with confirmation by sonography. She desired 
termination of her pregnancy because of the home sit- 
uation. She had 17 small laminaria tents placed during 
the course of 2 days, but on the day of her scheduled 
abortion she requested that the laminaria be removed 
because she wished to continue the pregnancy. All the 
laminaria were removed; the membranes were intact. 
The cervix was 2 cm dilated and soft. There was no 
bleeding or fever, and sonographic evaluation showed 
cardiac motion and adequate amniotic fluid. She was 
given erythromycin, 500 mg three times a day orally 
for 7 days. The pregnancy continued without compli- 
cation and at 40 weeks’ gestation she was spontaneously 
delivered of a 3080 gm male infant with Apgar scores 
of 9 and 9. 





Comment 

Approximately 30,000 elective abortions requiring 
laminaria insertion for uterine evacuation were per- 
formed in 1981 according to the Centers for Disease 
Control, An unknown but probably very small pro- 
portion of these women (in our experience about one 
in 500) decide not to carry out the abortion after the 
laminaria tents have already been placed. The assump- 
tion has been that these pregnancies were in jeopardy 
because of a high risk of amnionitis and spontaneous 
abortion. There are, however, no data to support these 
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Successful pregnan: 


negative assumptions or to guide clinicians regare 
the treatment of patients who ask to have e lamina 
tents removed from the cervix. These two cases dem- 
onstrate that an adverse outcome is not inevitable. 
Safe, rapid uterine evacuation for elective abori 
in the latter second trimester requires 2 to 3 cm ol 
cervical dilation. Since multiple laminaria tent 
mained in the cervix for 3 days in one case and 2da 
in the other, this degree of dilation was achieved 
comparable spontaneous cervical change at 22 we 
ma desired pr CPAN would be worrisome, e, buti bo 






















wise. Prenatal care is aeaa important for hes : 


bivalent patients. One patient sought care but the. ! 
did not. 


















currence; after aes ihe vast maon oe we 
are firm in their decision to continue or not to conti 





should receive e docusdiented warnings about the ; pos 
bility of amnionitis and premature labor. | 
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Adaptation of exfoliative cytology into gynecologic 
practice came as a direct outgrowth of the research of 
ipanicolaou i in estrus of the guinea pig. On expanding 
vestigation to include physiology of the human ovary, 
he detected malignant cells in vaginal secretions taken 
from some individuals. Despite that fact, however, his 
itial report in 1928 met indifferent success as a tech- 
nique for early detection of cervical cancer.’ Biopsy and 
tissue section of overt lesions remained the basis for 
diagnosis. Not until his report to the Commonwealth 
und in 1943 did the work gain interest and receive 
support.’ His associates at the New York Hospital—Cor- 
“nell Medical Center and the Harvard Group at Boston 
ere among the earliest to initiate programs testing the 
ethod by clinical research.* * 

An early consequence of the Papanicolaou test was 
“more frequent detection of unsuspected cellular ab- 
errations. Those encounters intensified interest in the 
then ongoing quest pursuing the morphologic transi- 
tion of benign squamous cells of the cervix into pre- 
cancerous and invasive forms of malignancy. The di- 
Tse. spectrum of opinion, and the plethora of descrip- 
ve terms proposed by clinician and pathologist alike, 
prompted a “debate” presented as a special session at 
the 1952 annual meeting of the American Gynecolog- 


























an Fr rom the Department of Obstetrics and Gynecology and the Mallinck- 
-rodt Institute of Radiology, Washington University School of Med- 
oo deme 
uae Received for publication. July 11, 1986; revised September 29, 1986; 
-accepted October 27, 1986: 

; Reprint requests: Ming Shian Kao, M:D., Department of Obstetrics 
-and Gynecology, Washington U: niversity School of Medicine, 4911 
Barnes Hospital Plaza, St. Louis, MO 63110: 











ong-term observations of cervical cancer 





Y consecutive series of approximately 1100 patients, treated for cancer of the cervix over a span of 45 
jaars, presents an increasingly favorable stage distribution. Emergence of exfoliative cytology as a 
jiagnostic technique accelerates allocation of new patients to Stage l. Cumulative rates of dying from 
cervical cancer equate improved survival in terms of differences in prognosis and in effectiveness of 
treatment. Long-term observations bring into focus interval changes affecting the reservoir of individuals 
‘remaining at risk, which is maintained in accordance with rates of new patient inflow, as well as withdrawal 
or all categories of attrition, The several factors determining that balance, including age at diagnosis of 

` cervical cancer, do not fall equally on all clinical stages. Age, a dominant factor determining incidence of 

; second primary malignancies, may also have significance in unraveling the obscure etiology of corporeal 
malignancies evolving among patients irradiated in the treatment of cervical cancer. (AM J OBSTET GYNECOL 


Key words: Consecutive series of cervical cancer, long-term observations, early detection and 
rvival, second primary malignancies, corporeal cancer in patients irradiated for cervical 


ical Society. The primary participants, Hertig and 
Younge® and McKelvey,’ gave their material in se- 
quence with each making final summation after the 
closing of open discussion. Proceedings at the session 
recalled Rubin’s first two cases of “incipient cancer” 
described in 1910, Robert Meyer’s prolonged attempt 
at tracing cellular development in individual patients, 
and the gradual ill repute falling on “precancerous” as 
a descriptive adjective. Hertig considered use of “pre- 
cancerous anaplasia,” a term describing the situation 
“more accurately etymologically speaking than does 
carcinoma in situ.” 

The Editorial Committee of the “Annual Report on 
Results of Treatment in Carcinoma of the Uterus and 
Vagina” adopted a system in 1950 that included prein- 
vasive cervical cancer as Stage 0. They found usefulness 
of the category hindered by persistent difficulties in 
distinguishing dysplasia, carcinoma in situ, and early 
invasion. That situation prompted exclusion of the class 
in volumes 11, 12, and 13, but collection of data was 
resumed following the adoption of more definitive 
rules for stage grouping at the Vienna Congress of the 
International Federation of Gynecology and Obstetrics 
in 1961.’ Data presented in the annual report included, 
for each collaborator, a graph showing interval changes 
in the proportion of patients allocated to the different 
clinical stages. Volume 15, collated for results obtained 
from 1954 through 1963, included data submitted by 
the earliest collaborators and i is applicable: to a Span of a 
25 or more consecutive years. I variati ie 
experience reported by dif 
evidence of a gradual incr : 
location ofi invasive e lesions 
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Fig. 1. Composite graph illustrating progressive changes in the distribution of patients into the 


different stages of clinical advance. 


Table I. Distribution of patients into the different stages of invasive disease, and the incidence of 
carcinoma in situ in two different but consecutive series of cases treated for cervical cancer 
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advance appeared to gain momentum after 1950, and 
thus coincided with the clinical adaptation of exfoliative 
cytology. That observation prompted us to extend an 
earlier report dealing with similar data in a consecutive 
series of private patients. It must be noted, however, 
that vagary in regional referral practice imposes a se- 
lective quality on any change in demography identified 
with a particular series of cases. There is, however, a 
measure of credence gained in this instance by the fact 
that all patients were treated at the same institution and 
were managed in consultation with the medical staff in 
attendance over the years in question. 


Clinical material 


A series of 384 consecutive cases of invasive cervical 
cancer, treated as private patients for the years 1935 
through 1954, has been reported by Arneson and Wil- 
liams.” Stage grouping was in accordance with rules 

_ adopted for the League of Nations system and included 
_. 10 examples of carcinoma in situ. The first such case 
as recorded for the year 1947. An additional 718 pa- 
tients. have been added to the series for the years 1955 
ough. 1979. Stage grouping, made in accordance 
th g International Classification, ‘has necessitated 























retrospective accommodation in the clinical staging o 
some cases classified in the earlier years of that pe 
Among 29 suspected of having early stromal inv 
a review of tissue sections qualified 17 for Stage 1. 
seven for 1B. The remaining five were transferr 
Stage 0, resulting in a final ratio of 599 classifie 
invasive lesions and 119 as carcinoma in situ. : 

The allocation of patients into the different stage 
tumor advance is shown in Table I for the two group: 
of consecutive cases. Evidence of earlier detection an 
diagnosis is made apparent for the 1955 through 1979 
series by a significant increase in preinvasive forms and 
by a greater proportional allocation of invasive lesio 
to Stage I. The increase falling to Stage I imposes, 
necessity, a compensatory decrease in assignment , 
more advanced forms. That effect appears here tò fi 
largely on Stage II. The combined allocation to Stag 
I and H approximately 80% of all invasive lesions 
each series. | 

Mean values given in Table I fail to dio 
interval changes in stage distribution occu 
the time periods in question. ‘Curves ‘fe 
through 1954 report were derived by sele 
minate points on a biennial basis.* Points f 









5 through 1979 
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intercurrent 
disease 






Na. 
treated 





treated 


1979 4 599 2 0.3 0 
1978 7 548 2 0.6 3 
1977 8 489 T 1.8 2 
1976 9 437 5 2.6 2 
1975 10 401 10 4.3 0 
1974 13 369 4 5.0 Q 
1973 l4 349 7 6.3 3 
1972 15 328 2 6:7 4 
1971 18 311 6 7.8 2 
1970 19 289 10 9.8 l 
1969 20 265 10 11.9 l 
1968 30 240 7 13.4 2 
1967 21 215 7 15.0 ] 
1966 15 194 8 17.0 ] 
1965 18 178 8 19.0 l 
1964 33 16] 0 2 
1963 37 144 5 205 l 
1962 31 112 2. 2EZ 2 
1961 36 97 4 22.8 0 
1960 30 76 0 0) 
1959 45 61 2 24.0 0) 
1958 4] 47 l 24.7 0 
1957 42 35 0 0 
1956 41 24 l 26.2 0 
1955 42 13 l 28.8 0) 

599 5982 lI 28.8 28 



























oa EDA i equal numbers of patients. 
nposite graph is shown in Fig. 1. The first deter- 
e point is taken at 1940 because of the small num- 
of patients admitted into the series during early 
of the 1935 through 1954 sequence. Declining 
ers in the most recent years of the 1955 through 
9 series has been similarly treated by grouping data 
1974. Explanation should be made for inter- 
ons in curves illustrating stage distribution for 
942 through 1945. Restrictions of that time not 
recluded new admissions but also imposed losses 
ollow-up procedure. Additional comment on that 
ure will be given in discussions pertinent to the 











> composite graph in Fig. 1 shows a sustained 
case in the proportional allocation of patients to 
el throughout the 45-year span, and as noted 
above; the combined numbers falling to Stages I and 
Ii total approximately 80% of all invasive lesions in each 
series. The graph includes an independent segment 
sh wing the proportional allocation to Stage 0. The 
er of such’ cases expands slowly following rec- 
ition of the first example in 1947. Incidence is el- 
evated to a level nea 20% bys a more rapie accumu- 
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(%) 


45 7.5 552 92.] 92.1] 2 0.3 
47 154 496 90.5 83.4 3 0.9 
88 219 442 90.4 75.4 0 
93 925, 407 93.1 70.2 9 1.2 
I7 28.9 374 93.2 65.5 9 1.6 
8 30.3 357 96.7 63.4 l 1.8 
6 31.4 333 95.4 60.5 7 3.1 
1 316 321 98.1] 59.2 3 3.6 
I 318 302 97.1 57.5 0 
2 399 276 95.5 54.9 8 5.3 
3 398 25] 94,7 52.0 I 5.5 
9 33.2 9929 95.4 49.6 3 6.1 
9 207 96.3 47.7 5 72 
0 185 95.3 45.5 3 7.9 
2 33.7 167 94.0 42.7 3 8.7 
1 34.0 158 98.1 42.0 0 
G 138 95.8 40.2 3 9.6 
1 34.4 107 95.5 38.4 3 10.6 
j 93 95.8 36.8 4 122 
0 76 = 100.0 36.8 0 
0 59 96.7 35.6 0 
0 46 97.8 34.8 0 
0 35 100.0 34.8 0 
0 23 95.8 33.3 0 
0 12 92.3 30.8 0 
197 34.4 53. 22 


lation beginning after year 1955. Concomitant with that 
increase, the allocation to Stage I appears to take on 
added momentum. An improved diagnostic technique 
might be expected to introduce an added flow of early 
lesions previously left undetected. By the same reason- 
ing it should eventually reduce the reservoir of indi- 
viduals who might otherwise, by delay and neglect, 
present more advanced disease at primary diagnosis. 
This is not made apparent here. If indeed there are 
inherent factors resisting attempts aimed at achieving 
earlier diagnosis, they obviously include differences in 
behavior of individual tumors that can prompt early 
dispersion or delay the onset of subjective symptoms. 

Mention should be made of the “plateau” in prein- 
vasive lesions that follows a rapid gain initiated in the 
year 1955. On reaching that level the added momen- 
tum imparted to the allocation of patients to Stage | 
appears to be slowed. This concerns the eventual re- 
lationship of these two events. If this be a valid epi- 
demiologic observation, it suggests a point of saturation 
can be reached in the efficacy of exfoliative cytology as 
a diagnostic instrument. | t pe 
would seemingly depen 






Advance beyond that point _ 
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Fig. 2. Curves showing progressive encroachment made by different categories of attrition on the 
1955 through 1979 reservoir of living patients. An additional curve presents 20-year cumulative 


survival for the 1935 through 1954 series. 


_.. bution made by exfoliative cytology to cancer diagnosis 

a "may never be precisely defined, but in the case of cer- 

vical lesions it holds a position of prime importance, 
enabling earlier detection that is shared only with re- 
search unraveling the morphologic transition of benign 
cells into malignancy. 





Clinical results—invasive cancer 


The primary treatment employed in both series of 
invasive cancers has usually been a combination of ex- 
ternal irradiation with intracavitary or interstitial ap- 
plications of radium. Before 1959 the external treat- 
ment was administered by 200 kV x rays. Cobalt 60 was 
used for a short period thereafter, but betatron therapy 
became the standard procedure after 1962. Exceptions 
in that management, made by use of primary surgical 
procedures, are more common in the 1955 through 
1979 series. 
Actuarial data for the 599 consecutive cases of in- 
vasive cancer treated since 1954 are given in Table II. 
Values show patient survival and specific categories of 
attrition including deaths resulting from cervical cancer 
or intercurrent disease, as well as deletions caused by 
failures in follow-up. In addition to those classified 
-> „events the incidence of new primary cancers is shown 

as an independently derived set of values. Longevity is 
~asured from the date of entry into the consecutive 
series. The point of beginning for patients referred 
ith a confirmed diagnosis of cervical cancer is taken 
late of first examination under our observation. 
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Patents under our observation before the detection of 
cervical cancer are entered into the series on the date 
of confirming biopsy. In the development of accumu 
lative data an abstract was prepared for each patie 
showing follow-up status as of December 31, 1980. A 
death attributed to cervical cancer occurring 15 mont 
after the point of beginning would find the patie 
recorded as alive and well at the end of 12 mont! 
observation. On entering the following year at risk st 
tus, the patient would subsequently be withdrawn fì 
observation and listed thereafter among other dé g 
attributed to cervical cancer. The same system is. appliec 
in recording attritions identified with either intercu 
rent disease or failure in follow-up procedure. In the. 
case of deaths caused by cervical cancer, however, the 
method fails to recognize the time lapse between de- i 
tection of persistent or recurrent disease, as well as its. 
terminate state. An attempt to reckon with that defi- ; 
ciency was made in the 1935 through 1954 report by - 
initiating an early withdrawal of suspect cases under — 
the heading “alive or dead with cervic cancer. The 
procedure qualified survival in “absolute” values but, — 
by necessity, compacted cervical cancer deaths intoan 
abnormally abbreviated time span that now presents . 
problems in a direct comparison of clinical results. aa 

Projecting cumulative data in Table II onto curves 
in Fig. 2 shows more distinctly the proportional € 
croachment made by different categories of attrit 
on the reservoir of living patients. Deaths result 
from cervical cancer dominate all events durin g the fir 
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< Fig: 3. Curves showing respective 10-year cumulative with- 
- drawal for deaths resulting from cervical cancer in the 1935 
through 1954 series and in the 1955 through 1979 series of 
` patients with invasive disease. 


-5 years of posttreatment observation. Subsequent en- 
_ croachment by that category is reduced sharply, how- 
„ever, and at time intervals greater than 10 years the 
` proportional increase falls within two almost parallel 
curves. Deaths resulting from intercurrent disease, on 
the other hand, accumulate gradually during early 
years in follow-up but increase more rapidly as the 
dominance exercise by cervical cancer begins to fade. 

At long-term observations the relative proportion of 
deaths attributed to intercurrent disease may equal, or 
even exceed, that assigned to cervical cancer. The cu- 
mulative loss in follow-up for the 25-year span totals 
only 5.8%. 

~ An additional curve included in Fig. 2 shows 20-year 
mulative survival for the 1935 through 1954 series." 
“he initial rate of fall is exaggerated by the practice 
then followed in withdrawing patients on the detection 
f treatment failure. In other respects, however, the 
curve i is seen to fall along a slope 8% to 9% below that 
for the more recent series until divergence develops 
near the tenth year of posttreatment observation. Ir- 
` regularity beyond that point reflects indeterminancy in 
the long-term status of patients treated before the 
1942 through 1945 void in follow-up procedure. That 
insufficiency precludes comparing long-term results 
largely affected by deaths resulting from intercurrent 
ease. Data applicable to the earlier years of post- 
atment observations are made more stable by rein- 
tement of normal procedures in 1946 and by the 
effectiveness of follow-up during the 7-year period pre- 
ceding the 1942 void. Since events dominating the pe- 
~ riod immediately following treatment are largely de- 
-termined by deaths resulting from cervical cancer, an 
-attempt should be made to reckon the improved sur- 
= Niyal noted for the 1955 through 1979 series in terms 
-of advance in management or in more favorable cur- 
= -ability introduced by an earlier detection of cervical 
cancer. 3 

The 1935 through 1954 series records withdrawal of 
ier 143 examples as tr atment failure, or 38.2% of the 374 
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Fig. 4. Curves showing respective 10-year cumulative with- 
drawal for Stages I, H, and IH seen in Table IHH. 


patients with invasive cancer.” In the 1955 through 
1979 series of 599 patients a total of 197, or only 32.9%, 
were withdrawn as cervical cancer deaths. The 5.3% 
difference suggests more effective management for the 
recent series. The rate of patient withdrawal, as mea- 
sured by actuarial data, is tested in Fig. 3 for 10 years 
posttreatment observation. The curve for 1935 through 
1954, as might be expected, shows a more rapid ac- 
cumulation resulting from the withdrawal of patients 
on detection of evidence of treatment failure. After 2 
years, however, it follows a slope in better conformity 
with that for 1955 through 1979 but remains at a level 
representing a greater rate in cumulative withdrawal. 
A review of these data by Sherry Breaux, M.P.H., of 
the Oncology Data Center shows the Yates corrected x? 
equation to be statistically significant at the 0.5 level 
(x? = 4.162, df = 1, p = 0.0413). It should be noted, 
however, that additional withdrawals are recorded in 
both series at time intervals of >10 years after treat- 
ment. Only one such event is recorded for the 1935 
through 1954 series, but as seen in Table II, there are 
nine additional cervical cancer deaths in the 1955 
threugh 1979 period. Projection of the curves to in- 
clude those additional examples does not alter their 
positional relationship but narrows the cumulative dif- 
ference to only 3.8%. That level, which is lacking sta- 
tistical significance, fails to fully interpret the difference 
in overall survival noted in Fig. 2 for the 1955 through 
1979 patients. 

A difference in overall survival is more effectively 
explored by reviewing results obtained in different 
stages of the disease. Actuarial data determined by 
treatment failures in 1935 through | 1954 and by cervical 
cancer deaths in 1955 through 1979 are given in Ta- 
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at risk 
9-1 ] 1.0 2 0.7 39 
1-2 6 6.0 10 4.3 14 
2-3 l 6.8 9 7.6 7 
3-4 7 12.6 8 10.5 8 
4-5 2 14.2 7 13.1 3 
5-6 5 15.0 H 
6-7 2 15.7 2 
7-8 
8-9 ] 16.1 
9-10 ] 16.5 

10-11 3 17.8 ] 
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12-13 
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14-15 ] 18.5 

15-16 

16-17 
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= H a 2 
120 283 181 


e made apparent for 1935 through 1954 patients. Both 
o groups show an increase in withdrawal that is expected 
to occur with advance in cervical disease. Finally, the 
number of patients falling into each category is re- 
corded, and Table III presents total withdrawal as a 
fraction of that value. A review of data for Stage I 
presents a small margin of difference in end results 
that perhaps favors the effectiveness of treatment ad- 
ministered the 120 patients of the 1935 through 1954 
series. Stage III, on the other hand, presents an un- 
‘common level of equality in the respective results. Only 
in Stage H is a significant difference to be noted. The 
margin of difference favoring the more recent series 
is 9.2 percentage points at 10 years posttreatment. At 
18 years, including all cervical cancer deaths in the 1955 
through 1979 series, the marginal difference is 7.2 per- 
centage points. — 

In compliance with the earlier attempt to interpret 
differences in survival by comparing rates for patient 
withdrawal, the 10-year data from Table III have 
been projected on curves shown in Fig. 4. Those for 
Stage I appear almost superimposed, but for a span of 

_ only 5 years. Beyond that time interval the rate for 1955 
= _ through 1979 pursues a slow but modest rise. Curves 
fo Stage II present a more expected pattern, which 
hesa level of parity at 5 years that is maintained 
ghout the remaining period. Evidence suggesting 
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91.5 14 66 21 33.9 8 l 
29.1 18 15.3 9 48.4 5 29 
33.0 12 91.9 3 53.2 14 47.4 
37.4 9 25.6 5 61.2 6 55.1 
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40.9 3 30.7 6 

l 31.2 

I 65.4 

$1.7 
41.8 ee 

39.3 ZS 

l 33.1 

l 33.8 

l 34.6 
4] 8 gg 40 63 o 

209 62 } 78 


withdrawal in 1935 through 1954 exceeds that for 1955 
through 1979 at all time levels. If there has been an 
improved survival attributable to treatment alone, the 
gain is seemingly confined to the intermediate stages 
of tumor advance. This may be attributable to the 
higher energies employed for external irradiation an 
to a more frequent interstitial use of radium during 
the 1955 through 1979 period. The fact remains, how 
ever, that the data at hand do not alone explain 
overall gain in survival noted in Fi ig. 2. That advance 
is more adequately displayed by the significant increase 
in patients allotted to Stage I after year 1954. = 

The dominant factors responsible for an added in- 
flow of more favorable clinical material stem f rom. the 
emergence of exfoliative cytology as a diagnostic ins | 
strument and from the clinical expertise gained in un- 
raveling the morphologic transition of benign squa 
mous cells into malignancy. It is a fortuitous cire um- 
stance that temporal relationship of the two series of 
consecutive patients here in question happens to co- 
incide with impact of those events on clinical prac tice. 


Carcinoma in situ 


Prognosis for carcinoma in situ differs from that for- 
invasive cervical cancer because of its relative freedom 
from deaths resulting from the disease and because f 
the younger age of most patients. This. prompts « 
ferences in management and in survival which preclud 
any attempt to blend two i in a a single : stat 
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intercurrent Lost to cervical Cumulative primary 
Sate, oe disease observation survival tumors 
“Years par No. 
Q 2 1.7 0) 6 117 98.3 98.3 0 
| l 2.5 0 0 116 99.1 97.4 2 ey 
0 0 0 0 115 100.0 97.4 ] 2.6 
I l 3.4 0 0 114 99.1 96.5 0 
l l 4.3 l 0.8 0 lil 98.2 94.8 0 
I 0 0 Q 110 100.0 94.8 0 
2 l 5.2 ] L7 0 107 98.1 93.0 0 
i l 6.1 0 0 104 99.0 92.1 0 
2 l 7.0 0 0 102 99.0 91.2 () 
3 0 0 0 100 100.0 91.2 Q 
5 l 7.9 0 0 96 98.9 90.2 0) 
7 ] 8.9 0 0 92 98.9 89.2 0 
9 2 10.9 l 2.9 0 83 96.5 86.0 l 3.6 
6 l 12.0 0) 0 74 98.6 85.0 l 4.8 
12 0 0 ü 70 100.0 85.0 l 6.0 
l1 0 0 ) 59 100.0 85.0 0 
13 E By 0) g 48 98.0 83.3 0 
6 0 0 Q 37 190.0 83.3 l 8.2 
6 I 16.3 Q) 0 31 96.8 80.7 ] 11.0 
8 26 0 0 0 26 100.0 80.7 Q 
1] 21 I 20.1} 0) Q 20 95.2 77.0 0 
3 10 I 278 0 Ü 9 90,0 69.3 0 
7 6 Q 0) 0) 6 100.0 69.3 Q 
2 2 0 0 Q 2 100.0 69.3 0 
l l 0 0 Q ] 100.0 69.3 0 
119 1770 17 “27:8 3 2.9 0 8 11.0 



















d results. In the 1955 through 1979 series of 119 
nts a surgical procedure was selected as primary 
re ment for 93. The usual procedure was abdominal 
sterectomy, unless amended to meet requirements 
vaginal repair of pelvic supports. Five of the sur- 
ly treated patients were selected for management 
onization alone. One of that number became preg- 
ita later date and was delivered of a mature 
The remaining patients, 26 in number, were 
by irradiation alone. Indications for selecting 
procedure, usually consisting of a single applica- 
intracavitary radium, were determined in ac- 
e with the physical status of the individual in 
1, The stated age at primary diagnosis of car- 
a oo situ fell wih a a Tange of 35 to 49 years in 





plored in Table H for invasive cancers of the cervix. 
Differences in survival are explained by the absence of 
withdrawals in Stage 0 for deaths due to cervical dis- 
ease. Since loss due to failures in observation is at a low 
level in each group, it is obvious that attrition for car- 
cinomas in-situ is largely determined by deaths due to 
intercurrent disease. The younger age level prevailing 
for Stage 0 might be expected to less mortality in that 
category. That expectation is not met by the respective 
25-year cumulative values of 28.8% and 27.8%. There 
is, however, a different rate of cumulative increase. 
This can be detected by comparing the respective values 
given in Tables II and IV. The rate of increase for the 
younger group in Stage 0 falls behind that for invasive 
cancers; however, at time intervals of 15 or more years 
after treatment this rate begins to increase and more 
rapidly expands the accumulation to a total near parity 
with that reached by older patients with invasive dis- 
ease. This is in itself an age factor that can be related 
to the increase in a ‘imposed by each suc- 
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HI l À l l 
IV 

0 l 4 2 


Total 







Clinical Stage 

“ge 8 
I 32 
Il 15 
HI 6 
IV 0) 
Total 718 7752 61 

(1955-1979) 
Arneson and 874 6142 36 


(1938-1967) 





- Shellhas 


= occurrence of new primary cancers present the same 
time relationship. The importance of advancing age is 
discussed in greater detail in the section dealing with 
the incidence of second primary malignancy. 


Second primary cancers 
Probability for encountering a second primary ma- 
lignancy among patients treated for cancer of the cervix 

_ is obviously related to size of the sample and to life span 
of the survey. The aforementioned review of 718 pa- 
tients admitted into the series for years 1953 through 
1979 has yielded a total of 61 new primary cancers. Six 
examples of double primary malignancy were disqual- 
ified because onset of the additional lesion either an- 
tedated or appeared in concurrence with recognition 
of the cervical tumor. Fifty-three of the 61 new primary 
cancers evolved among the 599 patients treated for 
invasive disease of the cervix, and eight were detected 
in the smaller group of 119 carcinomas in situ. Actu- 
arial data for the two categories, presented in the pre- 
_ viously reviewed Tables II and IV, show a 25-year cu- 
on ulative value of 12. 2% for the invasive group and 

os tor the preinvasive e form. 







0) peed disease 4 is 


ab ev: Various types of malignancy encountered among 61 new primary cancers, and the distribution | 
of those classes into different stages of cervical disease 


New primary 
cancers 


< Total values are compared with rates obtained for years 1938 through 1967. 
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Average age at 










diagnosis 
Cancers per Rate per New 
patient year 100,000 Cervix irin i 














11.0 0.00451 451 45.4 Le 
16.8 0.00942 942 49.0 62. 
9.4 0.00727 727 54.7 69 
7.1 0.01247 1247 56.7 65 
— — —~ 59.3 - 

0.00786 786 51.3 8 
0.00586 586 49.0 



















presented in Table V. Vaeni in type, including ¢ 
inance of colon and breast disease, does not differ f 
that expected for women of comparable age in he 
eral population. There is, however, disparity. £ 
bution of the more dominant forms that pointsa 
nificance of the younger age level prevailin 
carcinomas in situ. The 119 patients clas: 
Stage 0 represent approximately 15% of thee 
ries but only one of 16 colon cancers evolvec 
category, as compared with four of the same 
of breast lesions. Average age for Stage 0 fal 
the range known to be at risk for mammary ca 
at a level below that identified with equal exp 
colonic and some other forms of malignancy. I 
can likewise be seen in the number and distri } 

new primary lesions occurring in the differer 
of invasive cervical disease. Stage I includes 32 
61 examples. That density in occurrence falls, how 
with each stage of tumor. The rate of decline. ap 
to be in accord with the proportion of patients. 
drawn as cervical cancer deaths and the consec 
effect of those events on the number of indi 
remaining at risk. ki is apparent: therefore. th 
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YEARS FOLLOWING TREATMENT OF CERVICAL CANCER 


Fig. 5. Scattergram symbolizing posttreatment occurrence of 
ew primary cancers among patients grouped according to 
ge at diagnosis of the cervical lesion. 


llocation of patients into the different stages of 
dvance. 

Before considering incidence of second primary can- 
rs, mention should be made of two quandaries rel- 
vant to the gynecologic varieties that have been en- 
ountered. Vulvar lesions are strangely and unaccount- 
bly absent. The five endometrial forms evolved in 
issues intensively irradiated in treatment of the cervical 
umor, and two of them were nonepithelial in type. 
father than now diverting to an examination of the 
onnotation implied by those relationships, we are de- 
ing discussion of the potential for carcinogenic ef- 
ect until a final summation of results. 

An earlier report by Arneson and Schellhas,* for pa- 
ients admitted into the series over years 1935 through 
967, derived incidence from cumulative data that were 
rrected to state more precisely the number at risk. 
rection was made at the beginning of each succes- 
ive fear by subtracting one half of the number dying 
ee alive during that time interval. Values so 











a Oe achieved for the 1955 een 1979 
£ ~~ span, i is believed to warrant deletion of the meticulous 
ds > correction followed in the earlier report. 

Data a pertinent t to > the incidence of new primary can- 











cers are presented in Table VI. values 4 given for eac bo 
clinical stage include numerical size of the sample ; and 
average age at diagnosis of the cervical lesion. The 
number of new cancers detected in each category is 
seen to vary in accordance with size of the sample. 
Patient years of observation, presented as the total in 
numbers at risk for each successive time interval, show 
a similar relationship. It should be noted, however, that 
ratio of these totals to the numbers of patients in the 
sample is altered by differences in the rates of with- 
drawal for cervical cancer deaths. The relative freedom 
from such withdrawal, prevailing among cases of car- 
cinoma in situ, results in a greater ratio of individuals 
remaining at risk. This can be expressed by the equa- 
tion 1770 + 119 = 14.87. There are therefore ap- 
proximately 15 patient years of observation for each 
individual classified in that category. Application of the 
same interpretation to different stages of invasive cer- 
vical cancer shows deterioration of the quotient to levels 
of 12, 10, and 6; magnitude of the increase in cumu- 
lative withdrawal can be seen in Table HI. Among pa- 
tients of the 1955 through 1979 series the rate is dou- 
bled for each stage of tumor advance. 

Values representing cumulative percent of new pri- 
mary cancers are not so precisely related to size of the 
respective sample. Those given for the different stages 
of invasive cervical disease are seen to fall in accordance 
with the rate of patient withdrawal for cervical cancer 
deaths and are easily correlated with the distribution 
of examples seen in Table V. The rate of 11.0% for 
Stage 0 should be compared with the 12.2% for all 
stages of invasive disease. Both represent the occur- 
rence of such lesions among the number of individuals 
remaining at risk in each of the two distinct categories 
of cervical cancer. The eight examples occurring in 
Stage 0, detected in 1770 patient years of observation, 
yield the equation 8 + 1770 = 0.00451. The 53 ex- 
amples occurring in all stages of invasive disease, de- 
tected in a total of 5982 patient years of observation, 
yield the equation 53 + 5982 = 0.00885. 

The ratio of new cancers to the total in patient years 
of observation, as cited in examples given above, derives 
cancers per patient year that can be related to incidence 
expected in the general population. The rate 0.00451 
obtained for carcinomas in situ is the lowest of all cat- 
egories. The corresponding value for invasive lesions, 
as was determined in accordance with the total in pa- 
tients remaining at risk, is found to be 0.00885. Inci- 
dence levels for the different stages of invasive disease 
will vary, however, in accordance with the effect of pa- 
tient withdrawal on the totals in patient years of ob- 
servation. Stage I, for a undergoes: the Kan 












viduals remaining at risk. The occurrence of new pri- 
“mary cancers is consequently made more frequent, but 
-differences in the reservoir prevailing in other stages 
can affect frequency as well as incidence. A decline in 
that reservoir might be expected to lower rates, but 
severe depletion, as noted for Stage IH, may actually 
elevate incidence as determined for the small number 
remaining at risk. It should be pointed out, however, 
that average age of patients is seen to increase with 
each advance in tumor stage. That increase, perhaps 
indicative of time elapsing between onset of the lesion 
and its progression to the stage classed at primary di- 
agnosis, could act to increase probability for encoun- 
tering new primary cancers. It is a factor of significant 
importance. 

The 61 new primary cancers detected among the 718 
patients of the 1955 to 1979 series evolved in a total of 
7752 patient years of observation. Incidence for the 25- 
year interval is 0.00786, or 786 examples to be expected 
per 100,000 population of comparable age and sex. 


Average age is found to be 51.3 years at diagnosis of 


the cervical lesion and 64 vears at detection of a second 
malignancy. The results obtained in the 1938 through 
1967 report are included in Table VI and present an 
incidence of 586 examples expected for 100,000 pop- 
ulation. The lesser value for that time interval can be 


ae related to the greater burden in loss of follow-up data 


-and to the younger age level prevailing in that period. 
‘Both factors would tend to limit the number of new 
cancers, as well as alter the ratio of that number to the 
total in patient years of observation. A factor of more 
positive relevance concerns a difference in the pro- 
portional allocation of patients to clinical Stage I. 
Dominance of the age factor in determining inci- 
dence of second primary malignancies is displayed by 
the scattergram presented for the 1955 through 1979 
series in Fig. 5. Patients are grouped according to the 
number falling into different age levels at diagnosis of 
the cervical lesion. The occurrence of second primary 
cancers is simulated by markers at specific time intervals 
after primary treatment. The chart is divided into four 
quadrants by two independently drawn lines. One, 
placed vertically to indicate a span of 10 years, divides 
the posttreatment period into two equal time intervals. 
A second line, drawn horizontally to indicate the 51.3 
year level of average age, divides patients into two 
groups of almost equal numbers. Appropriate markers 
symbolize the occurrence of new primary cancers, and 
a small diagram included in the chart summarizes the 
number of examples detected in each quadrant. The 


_. time intervals in question show a yield of 31 second 


_ cancers for the decade immediately after primary treat- 
-ment and 30 such lesions during the second 10-year 
plan. Distribution i is not so precisely equalized at levels 








Long-term observations in cervical canc 

































above and below average age. A total of 28 seco 
primary cancers evolved among the 342 patients Wi 
were younger than the average, as compared with | 
examples detected among the 376 older individuals 
The occurrence of new malignancies is lowest durin 
the earlier years after treatment of the youngest pa 
tients. Density increases, however, as individuals of that 
category gain in age with each successive year. That 
sequence is altered among patients falling into the older. 
age groups because further advance increases pat i eni 
withdrawal by intercurrent disease. The scattergre 
indicates that the maximal density for the entire seri 
occurs from the fifth through the fifteenth year a 
treatment. Possible exceptions to that rule fall in clin 
Stages 0 and I, because of the younger age level } 
vailing in those categories, as well as the relat i 
greater reservoirs in patients remaining at risk. 

The incidence of second primary lesions among p 
tients treated for cancer of the cervix is a compl 
mechanism primarily determined by age at diagnos 
of the cervical disease but also influenced by the pro: 
portional allocation of patients into the different stages 
of clinical advance and by the duration of the tim í 
interval in question. ; 





Comment 


Long-term observations offer a retrospective view of 
survival that more closely relates the effects of interval i 
changes to fluctuations in the reservoir of individuals k 
remaining at risk. It is not inappropriate to compare- . 
those events with a flowing stream feeding a reservoir 
or distributary, which maintains a balance determined 
by a ratio of inflow to that of a continuous drainage — 
through efferent channels. Applying that concept to ` 
the particular change introduced at temporal conjunc- 
ture of the two groups here in question, conceives the 3 
effects of earlier detection and diagnosis as not only — 
increasing the rate of inflow, but also lessening the rate- 
of efferent loss by introducing a more curable pattern. 
The consequence is an expansion in volume of the “dis-' T 
tributary,” which reflects itself statistically by registering i 
a proportional advance in survival. The concept can be : 
similarly applied in appraising the average age of. pa- a 
tients. All individuals entered into the distributary are 
subject to withdrawal at one time or another, but the a 
potential does exist for some to remain at that state 
from the earliest years of the survey to its final closing. - z 
Surviving patients are grouped by age in each succes- e 
sive year. The 1935 through 1954 series, initiated bya 
low volume rate of inflow, expanded the reservoir at 
risk by a gradual increase in the addition of new pi 
tients. On the other hand, the 1955 through 1979 serie: 
begins with a reservoir functioning ata favorable | 
that is subsequently reduc ed by an: ‘eventual de line 









following treatment for cervical cancer 








No. of 


patients 













Histology 


Re Adenocarcinoma 5 56.6 
< Sarcomatous 4 34.7 
< 1955-1979 61 


47 
HIR 






Ta le V II. ‘Age distribution i in two categories of uterine malignancy occurring at different intervals. ms 


Al cervical primary 


interval — 


At second primary (yr) 





68 

55 20.3 
62.2 15.2 
64 12.7 




























E Data for 195 


: the number of new admissions. The consequence here 
is a difference in average age. The lev el for the first 
roup is weighted toward the greater number of in- 
duals admitted in concluding years of the series, 
hereas that for years 1955 through 1979 is weighted 
rd those who have been in the study longer. A 
rence in average was noted for the two groups in 
sion of the significance of age as a factor deter- 
incidence of new primary cancers. Whatever 
mportance of age, it is a factor found to vary in 
cordance with that prevailing at diagnosis of the cer- 
vi al lesion, the number of years included in the survey, 
nd specific categories of patient withdrawal which af- 
fect the reservoir of individuals remaining at risk. 
\mong 61 new primary cancers detected in the 25- 
ear review of the 1955 to 1979 series, there are five 
xa a of endometrial ME occurring 4 to 14 


























am presenting an aeence of 0. 00083, appears to 
ein: tine with other histologic ? pes recorded in Ta- 


jes shave bean dseded. Buta at time intervals beyond 
mits Cennee by this re Both were Haoa 22 





















ie a 1963. Our fir st encounters a second pri- 
ry cancers of this order occurred in the 1935 to 1954 
si A 69-year-old patient admitted in 1949 devel- 
peda Grade IV adenocarcinoma of the endometrium 
ears later. A young patient aged 30 years treated in 
7 presented with endometrial stromal sarcoma after 
nterval of 33 years. 

These nine examples are grouped in an attempt to 
er define circumstances surrounding their origin. 
tage distribution is in accordance with the propor- 
‘tional distribution of patients—six in Stage l; two in 
si Stage H; and one in Stage HI. The second primary 
-lesions include five endometrial adenocarcinomas, two 
“OR. which are re poorly differentiated tumors and four are 
of a sare rcomatous quality. In the more complex variety 
two ha e been diagn sed as mixed miillerian, one as 
~~ carcinosarcoma, and one as an n endometrial stromal sar- 
















5 through 1979 are included as a reference standard. 


coma. This wide range in histology is associated with 
age distributions and with time intervals required for 
evolvement of new primary cancers, which differ from 
the average values established for the 61 examples de- 
tected in the 1955 to 1979 series. Among the five ex- 
amples of adenocarcinoma of the endometrium, the 
stated age at diagnosis of the cervical lesion ranged 
from 43 to 72 years, with intervals between that diag- 
nosis and detection of the second primary cancer rang- 
ing from 4 to 22 additional years. The four patients 
presenting with second lesions of a sarcomatous type 
are from a much younger age level and demonstrate a 
significant increase in interval years. Of that number 
the respective ages at diagnosis of the cervical tumor 
were 25, 30, 35, and 49 years. Intervals preceding 
evolvement of the second primary cancer ranged from 
12 to 33 years. 

Average values in age distribution at diagnosis of the 
first and second primary cancers are shown in Ta- 
ble VII for the two categories of endometrial disease. 
The difference in those values is taken as the interval 
in years. Corresponding data for 61 new primary can- 
cers detected in the 1955 through 1979 series are 
included to serve as a reference standard. The five 
examples of diagnosed adenocarcinoma of the endo- 
metrium are in reasonably good accord with levels es- 
tablished for the larger sample. The slight decrease in 
interval years is adequately explained by the modest 
increase in average age at diagnosis of the cervical can- 
cer. Values for the four second primary uterine cancers 
of a sarcomatous type deviate sharply from those given 
as a standard, with the difference noted chiefly in the 
much younger age level at diagnosis of the cervical 
primary. Average age at detection of the second pri- 
mary is elevated to a more consistent level by a signif- 
icant increase in interval years. The effects of that in- 
crease is also apparent in total averages for all nine 
examples of endometrial disease. 

The circumstances here in. question. suggest a 
dition most-apt to occur in. patients. yous er than 
average age expected for ce rvical canc de 
of sarcomatous types of k is 

exposure to high-dose | 
possibility for carcinogen 













con- E 



































posure. Repercussions of a malignant nature have 3. Achenbach RR, Johnstone RE, Hertig AT. The val 
been « correlated with the exposure of young individuals vaginal smear diagnosis in carcinoma in situ of the. 
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The value of endocervical curettage in the management of th 
> ppanen with abnormal cervical cytologic findings 





David A. Grainger, M.D., Daniel K. Roberts, M.D., Ph.D., Max M. Wells, M.D., and 
: - Douglas V. Horbelt, M.D., M.A. 


Wichita, Kansas 


Patients with adequate colposcopic examinations and dysplasia on the endocervical curettage specimen 
usually undergo further diagnostic evaluation. This study evaluated 712 patients and found the frequency 
of positive endocervical curettage specimens to be 17.6%. Cervical conization or hysterectomy specimens 
were examined in 66 cases with a positive endocervical curettage. Of these, 69.7% had histologic 
evidence of discontinuous dysplasia in the endocervical canal. The endocervical curettage specimens were 
grouped by the percentage of endocervical epithelium that was dysplastic: group 1, <10%:; group 2, 10% 
to 50%; group 3, >50%. Confirmed histologic endocervical involvement was 80%, 56%, and 60%, 
| respectively. The involvement of the endocervical canal also increased with increasing grade of cervical 
intraepithelial neoplasia. Of the 66 cases examined with positive endocervical curettage specimens, 62.1% 
had grade 3 cervical intraepithelial neoplasia on the ectocervix. Seven patients had positive endocervical 
margins, with six of these occurring in grade 3 cervical intraepithelial neoplasia lesions. Two unsuspected 


cases of cervical malignancy were identified by endocervical curettage. (Am J OBSTET GyNecoL 1987: 
156:625-8.) 


Key words: Endocervical curettage, abnormal cervical cytologic findings, cervical 
intraepithelial neoplasia 


The management of the patient with abnormal cer- tion of the cervix.'® An adequate colposcopic exami 
vical cytologic findings includes colposcopic examina- nation is one in which (1) the entire transformation 
zone and the squamocolumnar junction are completely 
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Table I. Relationship between quantity of 
a dysplasia i in endocervical curettage specimens 
‘i and disease i in the endocervical canal 


Patients with 
dysplasia in 
Amount of dysplasta in endocervical canal 
endocervical curettage 


specimen (9%) 





<10 29/36 80 

10-50 14/25 56 

>50 3/5 60 
44/66 69.7 





he reason for an inadequate colposcopic examination, 
the finding of dysplasia in the endocervical curettage 
‘is predictably high, with values ranging from 50% to 
80%. è In adequate colposcopic examinations, the fre- 
„quency of dysplasia in the endocervical curettage is re- 
ported to be betwen 8% and 18%.’ Patients with positive 
“endocervical curettage specimens and an otherwise ad- 
equate colposcopic examination are still at risk for the 
-presence of neoplastic change in the endocervical canal. 
-Evaluation of the endocervical canal may include con- 
-ization of the cervix. The purpose of this study is to 
assess the correlation of a positive endocervical curet- 
: tage with the presence of intraepithelial or invasive neo- 
plasi ic disease in the endocervical canal. 








Data were obtained for this study by reviewing the 
_ reports of colposcopic examinations performed at a 
_university-affiliated colposcopy clinic from July | 1982 
-through July 1984. During this 2-year period, clinicians 
trained and supervised in colposcopy by a gynecologic 
2 oncologist examined 838 patients to evaluate abnormal 
~~ cervical cytologic findings. Pregnancy patients (96) and 
a those with inadequate colposcopic visualization (30) did 
: not undergo endocervical curettage and were excluded. 
Therefore 712 patients were available for analysis. 
A total of 126 patients had an endocervical curettage 
that was considered positive, that is, one in which 
dysplastic tissue was present. A gynecologic patholo- 
gist- reviewed all positive endocervical curettages for 
hich surgical specimens were available (66/126). The 
mount. of dysplastic tissue present in the endocervical 
eitage was divided into three groups: group 1 had 
0% dysplasia i in the endocervical specimen; group 2 
had from 10% to 50%; group 3 had >50%. 
; - Sixty-six cervical conization or hysterectomy speci- 
-mens were reviewed for histologic diagnosis. The other 
60 cases were performed at other institutions, and the 
specimens were not available for review. The endo- 
cervical canal and endocervical margin of each curet- 
oe tage, conization, and hysterectomy specimen were €x- 
E amined for the Presence i or absence of dysplasia. En- 














docervical canals that were e denuded of epith | 
unevaluable and therefore considered to be connie | 
The final histologic grade of cervical intraepithelial 
neoplasia was correlated with the presence or absence 
of endocervical involvement. 


Results 

Evaluation was carried out for 712 patients with ab- 
normal pap smears who underwent colposcopic ex- 
amination. All cases had an endocervical curettage per- 
formed. Of these, 17.6% (126/712) had dysplasia pres- 
ent in the endocervical curettage. Of the 126 cases with 
a positive endocervical curettage, 66 surgical specimens 
of either conization or hysterectomy were available for 
review. 

Table I shows the distribution of cases with respect 
to the quantity of dysplasia present in the endocervical 
curettage specimen. Group | consisted of 36 cases 
(63%) that had <10% dysplasia present in the speci- 
men. Group 2 contained 25 patients (30%) who had 
dysplasia in between 10% and 50% of the specimen. 
Group 3 had five (6.6%) patients with >50% dysplasia. 

Table I further depicts the relation between quantity 
of dysplasia and the presence or absence of endo- 
cervical dysplasia in the surgical specimen; 80% of 
group 1, 56% of group 2, and 60% of group 3 had 
dysplasia in the endocervical canal. Overall, 69.7% (46/ 
66) of the patients with a positive endocervical curet- 
tage specimen had histologic evidence of dysplasia in 
the endocervical canal. 

The presence of dysplasia in the endocervical canal 
directly correlates with the final histologic grade of cer- 
vical intraepithelial neoplasia on the ectocervix (Ta- 
ble II). Grade 3 cervical intraepithelial neoplasia was 
the final histologic diagnosis for 62.1% of those pa- 
tients with a positive endocervical curettage specimen; 
grade 2 cervical intraepithelial neoplasia for 25.7%; 
and grade | cervical intraepithelial neoplasia for 9%. 
Table II also shows that 85% (6/7) of the cases with the 
positive endocervical margin occurred in those with 
grade 3 cervical intraepithelial neoplasia lesions. _ 

Among the patients with a positive endocervical cu- 
rettage for whom surgical specimens were available, 
two unsuspected cases of invasive carcinoma were iden- 
tified. Neither patient had the diagnosis made by 
colposcopically directed cervical biopsy. Conizations 
prompted by a positive endocervical curettage revealed 
the invasive lesions. One patient had adenosquamous 
carcinoma, and the other had squamous cell carcinoma. 


Comment 

Evaluation by colposcopy . of the patient with an ab- 
normal cervical cytologic report. places the burden of 
diagnosis on. the colposcopis Up: 
normal Papanicolaou smea 



















Patients with dysplasia 
in endocervical 


curettage specimen positive for 
(n= dysplasia Positive. 
endocervical ` 
Grade 1 cervical intraepithelial 6 9 3/6 50 0 
neoplasia | £ 
Grade 2 cervical intraepithelial 17 25.7 12/17 70.6 l 
neoplasia 
Grade 3 cervical intraepithelial 4] 62.1 29/41 70.7 6 
neoplasia 
Invasive squamous cell carcinoma 2 3.3 2/2 100 NA# 


*Not applicable. 


the cervix, then the histologic interpretation would be 
all that is necessary to divide the patients who need 
further therapy from those who can be managed in a 
conservative fashion. However, not only is conization 
of the cervix a procedure that includes significant risk 
and expense, but it is also not practical to apply it as 
the first level of evaluation in all patients. The colpo- 
scopist’s examintion produces an appropriate screen 
for cases that can be handled conservatively. 

This series demonstrates the value of the endocer- 
. vical curettage as a component of the colposcopic ex- 
amination. First, it accurately reflects the presence of 
| -dysplastic epithelium in the endocervical canal, even 
when there is no other colposcopic evidence of involve- 
ment. In 69.7% of the cases with a positive endocervical 
curettage, discontinuous dysplasia was demonstrated to 
be present in the endocervical canal on the conization 
or hysterectomy specimen. Approximately 20% of 
specimens showed only denuded endocervical canals, 
which presumably were caused by the endocervical cu- 
rettage. These were considered negative but may rep- 
resent an even greater degree of correlation between 
endocervical curettage and the histology of the endo- 
cervical canal than we could confirm. 

This study found a lack of correlation between the 
actual amount of dysplasia on an endocervical curettage 
specimen and its accuracy in predicting the presence 
of dysplastic epithelium. Our study clearly indicates 
that a small amount of dysplasia should evoke the same 
response as a large amount. Pathology reports that state 

“only a small amount of dysplasia noted on endocervical 
curettage” should not dissuade the practitioner from 
further evaluation of possible abnormalities in the en- 
docervical canal. 

In this study, two patients who met all the criteria 
for an adequate colposcopic examination except the 


oen presence of dysplasia on endocervical curettage speci- 


men were. found to have i invasive carcinoma in the en- 
locer ical canal. These lesions would have been over- 
ooke and allowed t to progress: had the endocervical 








__ Endocervical curettage and abnormal cervical cy 


-Table IL. Correlation of histologic grade with positive endocervical curettage and endocervical margin. 








Endocervical canal 





























curettage results not alerted the clinicians to the 
sibility of endocervical pathology. These cas 
sented 3.3% of the cases that were histologically 
cytologically reviewed, which is slightly higher. the 
others have reported.’ This percentage may be stati 
tically unusual; but even if the rate were half, it would 
sull justify the use of the endocervical curettage, One 
recent large study identified 15 cases of j invasive dis se. 
Three of these had adequate colposcopic examinat e 
except for dysplasia (two with grade 2 and one 
grade 3 cervical intraepithelial neoplasia) in the en 
cervical canal.* These patients were found in an ea 
stage of disease at a time when effective therapy coul 
be used for cure rather than merely for palliation. 

The value of the endocervical curettage in the co J 
poscopic examination is therefore twofold. First, it ace 
curately provides a statement concerning the involve- 
ment of the endocervical canal with dysplasia so. that 
conservative therapies such as cryotherapy and la 
can be used appropriately. Second, it provides a mee 
for the identification of occult i Invasive lesions in | 
endocervical canal. Applied and responded to appr 
priately, the endocervical curettage should significan 
decrease the rate of invasive processes erroneously. c 
agnosed as intraepithelial. Therefore, unless it is clin 
ically contraindicated, we recommend that endocerv ca 
curettage be a routine part of colposcopic evaluations. 
for abnormal cytologic findings. | 
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nce Papanicolaou' first described the use of exfo- 
-ytology for the detection of carcinoma, the role 
ical sampling in the routine screening for neo- 
f the uterine cervix has become recognized and 
il accepted throughout the world. In response to 
recent controversy regarding the use of Papanicolaou’s 
or inal classification, the Terminology Committees of 
th American Society of Cytology and the International 

cademy of Cytology have recommended using a de- 
$C ptive cytologic interpretation instead of an umerical 





Presently most cytopathologists report samples pre- 
y designated class IJ by using descriptive phrases 
include the word atypia. Atypical smears are fur- 
3 subdivided into three categories: inflammatory 

pia, squamous atypia, and endocervical atypia. The 
typical Papanicolaou smear” presents the gynecolo- 
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endocervical curettage in evaluation of abnormal cervical =- Cas 
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Atypia in cervical cytology as a risk factor for 


| Papanicolaou smears obtained during the years 1977 to 1982 were reported by a descriptive cytologic 
terpretation instead of a numerical report. All smears showing “atypia” were reviewed and found to fall 
to me of three categories: inflammatory atypia, squamous atypia, and endocervical atypia. Patients with 
latter two categories and those with persistent inflammatory atypia after specific therapy underwent 
poscopy and directed biopsies if indicated. Colposcopically directed biopsies revealed that 29% of 
ients with atypical Papanicolaou smears had underlying cervical intraepithelial neoplasia. There was no 
statistically significant difference in the incidence of underlying cervical intraepithelial neoplasia among 

in each of the three categories of atypia. Of those with intraepithelial neoplasia, 35% had lesions 
ar severity than grade 1 cervical intraepithelial neoplasia. We conclude that all patients with 

ous, endocervical, and persistent inflammatory atypia on Papanicolaou smear should undergo 
copic evaluation to rule out intraepithelial neoplasia. (Am J OBSTET GYNECOL 1987;156:628-31.) 


vords: Atypia, dysplasia, intraepithelial neoplasia, Papanicolaou smear 


gist with a diagnostic dilemma. Although it does not 
indicate the presence of malignant cells, neither does 
it connote a normal state. At this time, some clinicians 
ignore the atypical smear, whereas others treat the 
patient with various antibacterial agents in the hope 
that the next cervical sample will be completely nor- 
mal. It was therefore our decision to embark on a 
study to ascertain the clinical significance of cervical 
atypia reported from a Papanicolaou smear to help us 
to determine appropriate subsequent patient man- 
agement. 


Material and methods 

For a 6-year period women with Papanicolaou smears 
reported as showing squamous or endocervical atypia 
or whose smears revealed persistent inflammatory 
atypia (8.7% of all the patients with inflammatory 
atypia) despite specific antivaginitis therapy (for ex- 
ample, for Candida, Gardnerella, or Chlamydia) were re- 
ferred to the Dysplasia Clinic. During the time of this 
study, all Papanicolaou smears were obtained by moist- 
ened cotton-tipped applicators used to. collect endo- P 
cervical, exocervical, and vaginal pool samples. I 
sample was directly smeared cleat 
mediately sprayed with 
slides were screened | 4 
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! le I. Results of 67, 260 routine 
papanicolaou smears performed in a 
6-year Eo. 








Negative 43,584 64.8 
Atypia 
Inflammatory 19,842 29.5 
Squamous 1,816 2.7 
Endocervical 336 0.5 
Dysplasia (mild-severe) 1,345 2.0 
Cervical intraepithelial neoplasia 202 0.3 
(carcinoma in situ) 
Invasive cancer 135 0.2 
Total 67,260 


for cellular adequacy. Abnormal slides were then re- 
viewed by one of two cytopathologists. 

At the Dysplasia Clinic a repeat Papanicolaou smear 
was obtained, and the cervix was then washed with a 
3% acetic acid solution followed by colposcopic assess- 
ment of the epithelium by one of two colposcopists. An 
endocervical curettage was performed, and directed 
biopsies were obtained from areas of abnormality. 

We define each of the three categories of atypia as 
follows. Inflammatory atypia includes morphologic 


_... Changes of cells associated with specific infections, at 


times used in the same sense as repair (that is, repar- 
: ative squamous epithelium in response to injury or ul- 


cer, and so forth). In squamous atypia, the cytologic 


features are variable. The cells may be enlarged and 
may have an increased nuclear/cytoplasmic ratio and a 
minimally irregular nuclear membrane. At times the 
chromatin is smoothly granular and evenly dispersed 
but also may exhibit pyknosis. Binucleation is occasion- 
ally a feature. Chromocenters are at times numerous 
and sometimes single small nuclei may be noted. These 
cells are beyond the inflammatory atypia category pre- 
viously described but do not meet the light microscopic 
criteria of the dysplastic (neoplastic) cell. Endocervical 
atypia includes abnormalities of glandular cells that 
may represent the glandular analogue of squamous 
atypia. Such changes are often associated with an en- 
docervical polyp and endocervical hyperplasia, such as 
strikingly enlarged nuclei with numerous chromocen- 
ters and one or more large, conspicuous nuclei. Mul- 
tinucleated endocervical cells may occur, and mitoses 
are not infrequent. 

All of the charts from the Dysplasia Clinic of the 
Bellevue Hospital Center from 1977 through 1982 


oe ¿> were reviewed. All patients with squamous, endocer- 


cal, or persistent inflammatory atypia were included 
the study. Any woman with a previous history of 
ntraepithelial neoplasia. or invasive cancer was 

2 ! ents who were pregnant 
ear was obtained were ex- 
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Fig. 1. Recommended follow-up of cervical cytologic resu 


Table II. Distribution of colposcopically x 
directed, biopsy-verified cervical intraepithelial — = 
neoplasia among cervical atypia groups 
determined by papanicolaou smear 










Cervical 
intraepithelial © 
neoplasia 



























Papanicolaou smear 
result 


Squamous atypia 


Inflammatory aty pia 72 23 
Endocervical atypia 17 8 
Total 375 108 


All abnormal sides were Raed for accuracy 
single cytopathologist before inclusion in this. 5 
The data were tabulated and tested for statistica 
nificance by x? analysis. 


Resuits 


A total of 67,260 cervical smears were done dur 
the 6 years included in this study. The results are sho 
in Table I. From this patient population, after revie 
of charts and pertinent Papanicolaou smear and bie psy 
slides, 375 patients evaluated in the Dysplasia Clinic 
squamous, endocervical, or persistent inflammatoy 
atypia were deemed suitable for inclusion in this stud ; 
The mean age of the patients with cervical atypia * was 
30.2 years. There was no significant age difference be- 
tween patients whose cervical smears were gr ouped i m 
each category of atypia. : 

Colposcopically directed biopsies revealed that 108 
(29%) of the women with atypical Papanicolaou s sme: rs 
had underlying cervical intraepithelial neoplasia (T: 
ble H). The incidence of cervical intraepithelial : 
plasia did not significantly differ between. eack 
atypia grou Ps. The ey of the i intra pill 























































Mild 
a. dysplasia 
<. Papanicolaou smear Total 





< cervical biopsies 


Negative 


Cervical histologic result 


A Cervical intraepithelial neoplasia S 
-Normal = 


ble III). However, it is important to note that 38 (35%) 
jf the 108 patients with intraepithelial neoplasia had 
ions of greater severity than grade 1, and 17% had 
ade 3 (12 patients had severe dysplasia and six pa- 
nts had carcinoma in situ). Analysis of the results 
ulated from repeat Papanicolaou smears taken at 
me of colposcopically directed cervical biopsies 
ble IV) revealed that 92% of patients histologically 
1onstrated to have cervical intraepithelial neoplasia 
d_ cytologic classification as either negative (9%) or 
atypical (83%) on repeat smear. Conversely, only 2% of 
the patients with normal cervical biopsy findings were 
cytologically classified as having cervical intraepithelial 
neoplasia. 








Comment 

‘his study is the first to correlate atypical Papani- 
colaou smears with cervical biopsies guided by colpo- 
opic direction. Our definition of atypia excludes dys- 
plastic cytologic smears and those demonstrating any 
evidence of condylomatous or koilocytotic changes. 
he data suggest that patients with atypical smears 
(squamous, endocervical, or persistently inflammatory) 
e at high risk (29%) of having biopsy-verified cervical 
\traepithelial neoplasia, and the gravity of the dispar- 
ity js demonstrated by our observation that 35% of the 
< patients with cervical intraepithelial neoplasia had le- 
- sions of greater severity than grade 1. 

The insensitivity of a Papanicolaou smear to diagnose 











evident because 92% of the repeat smears from these 
` patients were interpreted as negative or only atypical. 





oe tologically erified cervical intraepithelial neoplasia is 






Carcinoma 
in situ 






Severe 
dysplasia 


Moderate 
dysplasia 


‘Squamous atypia 286 5] 18 14 5 6 9 6 9 
Inflammatory atypia J2 14 19 5 7 4 6 so ae 
aay ‘Endocervical atypia 17 5 29 I 6 2 12 se sa 
< Total 37 70 19 20 5 12 3 6 2 


-Table IV. Distribution of 375 patients with repeat papanicolaou smears and colposcopically directed 


Repeat papanicolaou smear result 


Cervical 
intraepithelial 
Alypia neoplasia 
% 





90 83 8 
203 7€ 5 


Although the repeat smears in patients with biopsy- 
verified normal results suggest a high degree of spec- 
ificity of the Papanicolaou smear technique, the overall 
accuracy of the method for the diagnosis of cervical 
intraepithelial neoplasia is encumbered by the formid- 
able false negative rate seen in patients who were found 
on colposcopically directed biopsy to have cervical in- 
traepithelial neoplasia. Perhaps our data provide an 
explanation for the previous report of Hulka® in which 
it was reported that 7.6% of patients with cervical atypia 
were ultimately found to harbor frank cervical carci- 
noma and provide a basis for the results reported by 
Nyirjesy! in which 75% of patients with persistently 
atypical smears were ultimately shown to have cervical 
intraepithelial neoplasia or invasive carcinoma on bi- 
opsy (not colposcopically directed). 

The changes of early cervical neoplasia are a pro- 
gressive continuum. Melamed and Flehinger’ sug- 
gested that the atypical smear represents the mildest 
form of cervical intraepithelial neoplasia, and it is only 
the cytologic definition of mild dysplasia that has ex- 
cluded it from consideration. The data presented here, 
however, do not support this, inasmuch as 10% of pa- 
tients with atypical smears had cervical biopsies showing 
moderate dysplasia (5%), severe dysplasia (3%), and 
carcinoma in situ (29%). | 

We do not know why this rather inordinate number 
of patients with histologically verified. intraepithelial 
neoplasia cytologically demonstrate: atypia only. The 
adequacy of our technique for ytainis 
tative cytologic sample was 
tologic screening, and ou 
to be efficacious in sever 
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btaining a rep 








-© may exist a subset of patients with a distinct pathologic 
condition that results in this unusual constellation. This 
question may well be answered by our current study 
with the use of flow cytometry to quantify deoxyribo- 
nucleic acid to permit identification of a distinct pop- 
ulation of such cells. 
Our data indicate that all patients with squamous, 
endocervical, or persistent inflammatory atypia are at 
considerable risk of harboring an underlying intraep- 
ithelial neoplasia and that colposcopic evaluation is 
‘mandatory to significantly increase the diagnostic ac- 
curacy and to help differentiate patients with cancer 
precursors from those with nonneoplastic changes 
(Fig. 1). 

I am indebted to Drs. Mitchell Morris, Silviu Kohan, 


Edward A. Weiner, and Geraldine Young for their con- 
tribution to this study. 


Magnesium sulfate and ritodrine hydrochloride: 


A randomized comparison 


a. David I. Hollander, M.D., David A. Nagey, M.D., Ph.D., and Marcos J. Pupkin, M.D. 


Baltimore, Maryland 


The efficacy of magnesium sulfate was analyzed in relation to ritodrine hydrochloride. Patients presenting 
in preterm labor between 20 and 35 weeks’ gestation were prospectively randomized. Tocolysis was 
achieved for more than 72 hours in 35 of 40 cases (88%) where magnesium sulfate was administered and 
31 of 39 cases (79%) in which ritodrine hydrochloride was infused. Delay of =7 days was achieved in 75% 
and 72% of cases, respectively. The mean dosage to achieve tocolysis was 4.5 gm/hr, in the magnesium 
sulfate group and 210.0 yg/hr in ritodrine hydrochloride—treated patients. The mean magnesium level to 
achieve tocolysis was 6.60 mg/dl. Side effects in the two groups were similar in number but less alarming 
in the magnesium sulfate group. Magnesium sulfate was found to be easy to administer and clinically 
efficacious. Its tocolytic action was found to be dose dependent and drug concentrations are easily 
determined. On the basis of this work and data from other investigators, magnesium sulfate should be 
used as the first line of tocolytic therapy with ritodrine hydrochloride as its pharmacologic backup. (Am J 


OssTet GYNECOL 1987;156:631-7.) 


Key words: Magnesium sulfate, ritodrine hydrochloride, premature labor 


Prematurity and its prevention continue to be major 
problems for the obstetrician and the neonatologist. In 
spite of the availability of several pharmacologic agents 
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nota panacea for preterm birth’; he 
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and more aggressive management approaches, the in- 
cidence of preterm labor remains at 5% to 10% and 
prematurity accounts for the vast majority (66% to 
75%) of neonatal morbidity and mortality.’ ae 

It would appear that the incidence of preterm deliv- 
ery may be reduced only through a program of str 
patient and physician education that constant] 
minds all parties involved of the possible occu pi 
preterm labor and of the advantages of f 
and expeditious treatment.? Thus toc ot 





ventive methods do fail or when early 

























































7 must be fully prepared to inhibit the process 
th ough proper pharmacologic intervention. 

Much work has been published concerning the avail- 
able tocolytic regimens.*® The relative efficacies of the 
drugs have been demonstrated to be similar; therefore 
_ potency may not be the major consideration. Instead 
the incidence and severity of adverse effects may be 
-the deciding factor. Agents with high therapeutic-to- 
“toxic ratios would appear most appropriate. B-Sym- 
pathomimetic agents, of which ritodrine hydrochloride 
is the only form approved by the Food and Drug Ad- 
ministration, and magnesium sulfate, an agent quite 
familiar to obstetricians, are the drugs that have at- 
_ tracted the widest recent attention for tocolysis. Direct 
_ studies comparing their clinical efficacies and adverse 
~ effects are limited." 

: - This prospective study evaluates the efficacy and ad- 
verse effects of ritodrine hydrochloride and magne- 
sit m sulfate as primary tocolytic agents in a controlled, 

ando mized fashion. 











Material and methods 


‘Patients presenting to the University of Maryland 
[ospital delivery room between August I, 1984, and 
cember 31, 1985, with preterm uterine activity were 
uated. These patients were monitored electroni- 
for uterine contractions. If uterine contractions at 
of at least two in 10 minutes with a duration of 
minimum of 30 seconds were noted with a coexistent 
ige in results of cervical examination, during a pe- 
iod of at least 1 hour, the patient was diagnosed as 
ingin preterm labor. Primigravid patients presenting 
ith this pattern of uterine activity and in whom the 
initial pelvic examination demonstrated the cervix to 
be. at least 2 cm dilated or 80% effaced were also in- 
cluded in this preterm labor group. Excluded from the 
: study were those patients in premature labor with cer- 
‘ical dilation >4 cm, premature rupture of the mem- 
ranes, or any other maternal or fetal condition ne- 
itating delivery. Also exluded were patients with 
tiple gestation and those having gestational lengths 
0. or >35 weeks. Seventy patients met those cri- 
eria and were prospectively randomized to either rito- 
ié hydrochloride or magnesium sulfate for intra- 
nous tocolysis during this time period. Randomiza- 
yn was generated through the use of random number 
bles 1 with ritodrine hydrochloride being given for odd 
integers and magnesium sulfate with even integers. 

3 -Al patients selected for study were given an intra- 
~. venous infusion of 500 ml of 5% dextrose—0.45% so- 
dium chloride during a period of 15 to 30 minutes 
: during: an observational period when history, physical 
: examination, and baseline laboratory (complete blood 
~ count and serum electrolytes) and electrocardiographic 























tests w were done. Tf uterine activity persisted and no - 





contraindication to tocolysis was aad: drug therapy E 
was instituted. 

Patients randomized to ritodrine hydrochloride ther- 
apy (group 1) were placed on a regimen of an initial 
dosage of 100 g/min given as a constant intravenous 
infusion. This dosage was increased by 50 g/min every 
10 to 15 minutes until contractions ceased, a maximum 
of 350 g/min was attained, or unacceptable maternal 
side effects developed. If tocolysis was successful, the 
infusion was maintained for 12 hours at the lowest ef- 
fective dose to maintain uterine quiescence. Patients 
with failure to achieve tocolysis with intravenous rito- 
drine hydrochloride despite maximum drug dosages 
or who were unable to tolerate the medication because 
of adverse side effects were placed on the magnesium 
sulfate (group 2) regimen, and the ritodrine hydro- 
chloride infusion was halted. 

Magnesium sulfate was administered as a 4 gm bolus 
injection during a 20-minute period followed by an 
infusion of 2 gm/hr. The solution used was 40 gm of 
magnesium sulfate in 1000 ml of 5% dextrose in water. 
Dosage was increased by 1 gm/hr every 30 minutes until 
tocolysis was achieved or a serum magnesium concen- 
tration of 6 to 8 mg/dl was obtained. Magnesium levels 
were determined at 2, 6, and 12 hours during the in- 
travenous infusion as well as each time the dosage was 
increased. After successful tocolysis, the infusion was 
decreased to the lowest effective rate to maintain ef- 
fective tocolysis and to maintain serum magnesium con- 
centrations in the range of 6 to 8 mg/dl. This manage- 
ment was then continued until a period of 12 hours 
without uterine activity was achieved. If contractions 
persisted despite therapeutic serum magnesium con- 
centrations or if unacceptable adverse effects were en- 
countered, the patients were placed in the ritodrine 
hydrochloride protocol as described above, and mag- 
nesium sulfate was discontinued. Patients with failure 
of both regimens had no further attempts at tocolysis. 

In all patients, vital signs were closely monitored and 
recorded every 15 to 30 minutes during the initial 4 
hours of infusion and then hourly. Accurate measure- 
ments of intake and urinary output were also made. 
Patients receiving ritodrine hydrochloride had serum 
potassium and glucose concentration monitoring at 6 
and 12 hours into the infusion while magnesium sul- 
fate—treated patients had deep tendon reflexes moni- 
tored every hour, with serum magnesium concentra- 
tions determined as above. 

Oral tocolytic agents were administered to all patients 
beginning 30 minutes before discontinuation of the in- 
travenous infusion. Ritodrine hydrochloride ; was ad- 


ministered at a dosage schedule of 10: mg orally every — pe 


2 hours for 24 hours, which was the 
120 mg daily in divided dı 
every 4 hours). This was s titrat 









-Table I. Maternal characteristics* {n = 70) 


Regimen n 

Ritodrine hydrochloride only 30 

Magnesium sulfate only 31 

Ritodrine hydrochloride failure and magnesium 4 
sulfate failuret 

Ritodrine hydrochloride failure, then magnesium 4 
sulfate success 

Magnesium sulfate failure, then ritodrine hydro- ] 


chloride success 


*No intergroup comparisons were statistically significant. 


*Ritodrine hydrochloride was the first-line tocolytic in two cases: magnesium sulfate was the first in the other two. 


pulse response of approximately 90 to 100 bpm. Some 
patients in both groups were placed on a regimen of 
oral terbutaline sulfate instead of ritodrine hydrochlo- 
ride for maintenance therapy, 5 mg orally every 4 to 6 
hours. Terbutaline was more often chosen for patients 
without third-party health care coverage because of its 
lower cost. No significant differences were noted in the 
use of either agent. Oral therapy was maintained until 
37 completed gestational weeks. If premature labor re- 
curred before 34 weeks with oral therapy, the patient 
was treated with the intravenous tocolytic regimen to 
which she was originally randomized. The protocol pre- 
viously described was then adhered to in full. 

Treatment success was defined by cessation of uter- 
ine activity and delay in delivery of =72 hours from 
the onset of tocolysis. In contrast, drug failure was de- 
fined as the inability to obtain cessation of uterine ac- 
tivity despite maximal dosages of ritodrine hydrochlo- 
ride (350 mg/min) or, in the case of magnesium sulfate, 
serum magnesium levels considered therapeutic (6 to 
8 mg/dl). These levels were maintained for a minimum 
of 30 minutes before discontinuation of therapy. The 
diagnosis of drug failure was also made when there was 
progression of cervical dilation to >4 cm, spontaneous 
membrane rupture, or significant maternal adverse ef- 
fects that necessitated discontinuation of the medica- 
tion involved in the judgment of the attending obste- 
trician. 

Comparison of drug treatments was made with re- 
spect to maternal entrance data, cervical examination 
data, overall success rates, mean gestational age at de- 
livery, total number of days gained in utero, and peri- 
natal outcome. Adverse effects on mother and neonate 
were also compared. Statistical analysis with the Yates 
correction of the x” test was performed to determine 

_ Statistical significance (p < 0.05). 










. _ Results 






85 T kiny yin aaea nts. were e randomized (via the ran- 
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dom number table) to receive ritodrine hydrochlo 
as the first tocolytic agent prescribed. In the othe 
patients magnesium sulfate was administered 
Ritodrine hydrochloride was used an additional. t 
times (total = 39) after failure to achieve tocolysis 
magnesium sulfate. In contrast, magnesium sulfa 
given in six additional cases (total = 40) when ritod ; 
hydrochloride was judged to be a drug failure. a 
Patients receiving single- -agent treatment in ei 
group or in whom both agents were used consecut 
demonstrated no differences with respect to ma 
age, parity, gestational age, or previous history © p 
term deliveries (Table I). Results of pelvic examinatior 
on admission to the study in all groups were statistical] 
equivalent (Table II). Statistical comparisons | were 
made with respect to first-line therapy administered. — 
With respect to overall success (Table HI), ritodrine 
hydrochloride was able to delay delivery 72 hours in 
79% (31/39) of the patients to whom it was admini: 
tered as either a primary or secondary agent. In 72% 
(28/39) of the instances of use of ritodrine hydrochlo 
ride, a delay to delivery of =7 days was attained. Th 
success of ritodrine hydrochloride as a primary age 
used to prevent preterm delivery for 72 hours was 83% 
(30/36 uses). Magnesium sulfate was able to delay de- | 
livery for 72 hours in 88% (35/40) of its uses (eith 
primary or secondary) and for a period of at least 
days in 75% (30/40) of uses. The efficacy of magnes 
sulfate as a primary tocolytic agent in delaying delivery 
72 hours was 91% (31/34 uses). Differences in the two. 
treatment regimens, although favoring magnesium sul- i 
fate, did not demonstrate statistical significance. _ a 4 
A breakdown of drug failures (Table IV) after pris : 
mary therapy with ritodrine hydrochloride (n = D 
demonstrates that in four of these cases (67%) mag= 
nesium sulfate was successful in delaying delivery A 
least 72 hours. In four of the ritodrine hydrochloride 
failures, a maximum dosage (350 g/min) was 'ättair 
without cessation of uterine activity, while in the. ot 
two cases maternal tachycardia of >140. bpm net 
tated stoppage of the medication. In the two p sp le 




































Regimen 


~~ Ritodrine hydrochloride only 
Magnesium sulfate only 

_Ritodrine hydrochloride failure and magnesium 
sulfate failuret 
ae _ Ritodrine hydrochloride failure then magnesium 
“sulfate success 
-a Magnesium sulfate failure then ritodrine hydro- 
chloride SUCCESS 


NO’ intergroup comparisons were statistically significant. 


Time gained 





Cervical 
dilatation Bishop in utero 
(cm) score (days) 
2 t+ 0.9 4.6 + 1.6 32.5 + 12.5 
94+ 0.9 52 ee 2S $4.2 + 12.2 
3.0 + 0.6 6.3 + 1.0 1.5 + 0.7 
1.9 + 4.6 4.3 + 0.4 20.9 + 11.8 
3.5 6.0 7.75 


e Ritodrine hydrochloride was the first-line tocolytic in two cases; magnesium sulfate was first in the other two. 







ble III. Drug outcome 























3-day success | 7-day SUCCESS 


30/36 83 28/36 78 
31/34 91 29/34 85 


wal ue hydrochloride 31/39 79 28/39 72 
AT sulfate 35/40 88 30/40 75 





) failed to respond to magnesium sulfate as well as 
todrine hydrochloride, one patient developed clinical 
and histologic evidence of abruptio placentae while the 
other patient developed a picture consistent with cho- 
joamnionitis. 

fier drug failures with magnesium sulfate as the 
primary tocolytic agent, ritodrine hydrochloride was 
successful in delaying delivery 72 hours in only one of 
three cases (33%). Of the other two patients with failure 
to ac ieve tocolysis | in either aan one was found 















sssul k was 6.6 wal Serum magnesium concentra- 
ons obtained during the infusion (Table V) demon- 
strate that progressive increases in the infusion rate of 
nagi esium sulfate during a period of 3.3 hours to an 
| - infusion rate of 4.5 gm/hr were required to produce 
f successful tocolysis. Although the time to cessation of 
Tabor. was statistically shorter in the ritodrine hydro- 
= chloride’ group (p < 0.05), no cervical examination 
= changes | in the Anaghesniin a ouR were dem- 











onstrated during this same time period (when tocolysis 
was successful). | 

Neonatal data including birth weight, results of Du- 
bowitz examination, and Apgar score were statistically 
equivalent when, as in Tables I and H, dir ect compar- 
ison of the two groups’ successes and failures was made 
(Table V1). The four patients with failure of both reg- 
imens had poorer outcomes. Neonatal morbidity did 
not appear to be affected differently by either drug 
protocol. 

Maternal adverse effects secondary to the medica- 
tions involved, although different in presentation and 
severity, were comparable in number (Table VH). In 
two patients receiving ritodrine hydrochloride, as pre- 
viously stated, maternal tachycardia necessitated dis- 
continuation of the infusion. Similarly, metabolic 
changes in the patients receiving ritodrine hydrochlo- 
ride were at times significant enough to suggest treat- 
ment (potassium <2.5 mEq/L). Other cardiovascular 
changes, although alarming to patient and staff, did 
not necessitate therapy. However, magnesium sulfate 
was found to produce increasing lethargy in two cases 
with diplopia as its major symptom, which required a 
decrease in the dosage infused to maintain serum mag- 
nesium levels in the therapeutic (6 to 8 mg/dl) range, 
yet without unacceptable side effects. 


Comment 

In this prospective randomized study, both ritodrine 
hydrochloride and magnesium sulfate were capable of 
delaying delivery at least 72 hours in 79% and 88% of 
their uses, respectively. Success, however, is not attained 
without adverse effects. Use of tocolytic agents must 
therefore be both judicious and cautious. 

Ritodrine hydrochloride is a B-adrenergic agent with 
a preferential affinity for B.-receptors. It. was. specifi- 
cally designed and approved for- use asa 
agent.‘ Its mode of action is medi; ted thi 
in adenyl. cyclase, which in ¢ t 
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Table IV. Drug failures (n = 








Success of secondary 


agent (>72 hr) 


Primary agent 


Ritodrine hydrochloride 4/6 
(n = 8) 
Magnesium sulfate 1/3 


(n 


*Both agents failed. 


tracellular cyclic adenosine monophosphate. The effect 
of cyclic adenosine monophosphate on protein kinases 
in the cell membrane is to cause a decrease in intra- 
cellular calcium. This in turn inhibits smooth muscle 
contractility. | 

Clinical studies have favorably compared ritodrine 
hydrochloride with placebo as well as with other labor- 
inhibiting drugs. Wesselius-de Casparis et al," in 
an early prospective, randomized, placebo-controlled 
study, demonstrated the efficacy of ritodrine hydro- 
chloride. Other work demonstrated ritodrine hydro- 
_. chloride to be clinically superior to chlordiazepoxide” 
and ethanol.” Additionally, uncontrolled studies pre- 
ceded the prospective, placebo-controlled clinical trials 
in this country permitting Food and Drug Administra- 
tion approval.’ 

The clinical side effects reported for ritodrine hy- 
drochioride are related to the a- and B-adrenergic ef- 
fects of the drug. Maternal tachycardia, systolic blood 
pressure increase, and concomitant decrease in diastolic 
blood pressure are common effects. Chest pain or tight- 
ness, palpitations, electrocardiographic changes, and 
arrhythmias have been reported.* B-Adrener gic agents 
have also been implicated in the development of pul- 
monary edema, perhaps through augmentation of the 
normal pregnancy-related increases in plasma volume, 
fluid and salt retention, and decreases in total pe- 
ripheral resistance, colloid osmotic pressure, and he- 
matocrit. Metabolic effects associated with the usage 
of ritodrine hydrochloride include hyperinsulinemia, 
augmented glycogenolysis, and hyperglycemia. These 
changes may then produce increased lactate production 
and metabolic acidosis. In addition, potential side ef- 
fects such as headaches, nervousness, nausea, and eme- 
sis as well as paralytic ileus have been reported. Despite 
its verified efficacy as a tocolytic agent, the high inci- 


ee dence of disturbing side effects has caused many to 


es search for alternative therapies to ritodrine tocolysis. 
-= Tocolytic: pr ‘operties of magnesium ions were first 
d nbed in 1959 WI Hall e et al., who described pro- 




























Reasons for discontinuation and suspected 
reasons for failure 


Maternal tachycardia (n = 2) 

Maximum dosage (350 g/min) (n = 9 
Abruptio placentae (n 1*) 
Occult chorioamnionitis (n = 9 

Maximum dosage (6-8 mg/dl) (n 


ems: 
pene 


= 5) 


Abruptio placentae (n = 1*) oe 
Chorioamnionitis (n = 1*) mi 
Table V. Magnesium sulfate levels k 
Infusion rate Time of level Mean * 
(gm/hr) (hr, mean) ( mgid. 
2 ‘1.0 4,09 + 0.56 
3 1.6 4.80 + 0.61 
4 2.7 5.74 + 0.96 
5 3.7 7.16 + 12a 


Tocolysis achieved: Median infusion rate = 
3.3 hours (6.57 + 0.80 mg/dl, mean + SD). 


longation of labor in patients treated with magnesi n 
sulfate. The same investigators described its effects i i 
in vitro isolated strips of uterine muscle. The mech: 
nism of action of this ion has not been clearly elucidated 
but is most probably an antagonism to calcium ion bind- 
ing to sarcoplasmic reticulum. e 
Clinical studies of the efficacy of magnesium are 
abundant. Steer and Petrie,” in 1977, first published 
(in this country) a comparative study of magnesi 
sulfate and ethanol. They were able to demonstrate 
improvement in successful preterm labor trea 
with magnesium dependent on an ear ly institut 
therapy. Harbert et al.'° demonstrated a reducti 
uterine activity in patients with preeclampsia wi 
rum magnesium levels of 5 to 8 mg/dl. In the pre te 
labor patient being treated with magnesium sulfate 
the tocolytic agent of choice, Petrie? reported an 805 
success rate in patients receiving continuous intrave 
nous infusions of magnesium. Nochimson et al.,® usi 
a similar protocol, were able to delay delivery 24 hours 
in 80% of patients. More recently Spisso et al.’ as we 
as Elliot” have also established the clinical efficacy 
this salt while studies directly comparing magnesiut 
to B-adrenergic receptor agonists have shown no di 
ference in efficacy. ais 
The adverse effects of hypermagnesemia includ 
paired deep tendon reflexes, decreased muscle 
(for instance, diplopia), decreased respirations car 
arrythmias, and possible respiratory and card ac 
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al able VI. Neona data* E 














Dubowittz 
examination 


(wk) 


Agpar score = 





Birth weight 
(gm) 





Ritodrine hydrochloride only 30 








2416 + 696 35.3 + 3.0 7.5 + 1.8 8.8 + 1.5 
_ Magnesium: sulfate only 31 2384 + 726 35.2 + 4.0 TALS AA 8.4 + 1.7 
_ Ritodrine hydrochloride failure and magnesium 4 1622 + 334 31.0 + 1.8 5.2 + 2.0 6.9 + 2.0 
sulfate failure 
<0.. Ritodrine hydrochloride failure then magnesium 4 2297 + 777 32.8 + 3.1 7.2 + 20 8.2 + 1.7 
© -~ sulfate success 
_ Magnesium sulfate failure l 1845 31 3 7 












































_. *No intergroup comparisons were statistically significant. 


Table VII. Adverse effects 
Ritodrine (n = 38) 





Necessitating stoppage of infusion in two Cases. 
+ Necessitating decrease of dosage. 





Adverse effects may be minimized by monitoring uri- 
output and clinical parameters. It should be stated 
at significant lethargy due to the action of ionized 
agnesium on the neuromuscular junction and striated 
uscle is frequent. Nausea, emesis, chest tightness, and 
monary edema have also been reported.* Hypocal- 
ia has been the only metabolic change noted, and 
ovascular changes including transient hypoten- 
eripheral vasodilatation, and increased in stroke 
ne have been reported. 

‘the present study, magnesium sulfate demon- 
d -omparable clinical efficacy in direct compari- 
ith ritodrine hydrochloride. The protocol for rito- 
hydrochloride i in this study is identical to that of 
arevious work published. Our administration algo- 
rithm for magnesium sulfate differs from those pre- 
viously reported.”* Serum magnesium levels of 5.8 to 
5. mg/dl were needed to achieve adequate tocolysis. 
“The data correlate well with results by Elliot.* It was 
2 possible to achieve these high concentrations by in- 
- - creasing the infusion to a rate of between 4 and 5 gm/ 
a hr during a period of 3 to 4 hours. This would appear 
-© to bean alternative approach to that of Spisso et al.,’ 
ae ‘who recommend an initial infusion rate of 8.4 gm. in 
| othe first t hou followed by 4 4. 8 gm. in the second hour 





























= #Ritodrine hydrochloride was the first-line tocolytic agent in two cases; magnesium sulfate was first in the other two. 


and then a continuous effusion of 2.4 gm/hr. With ei- 
ther regimen, it appears clear that one needs to increase 
the concentration of magnesium ion in the serum to 


Nervousness 14 , 
Palpitations 8 adequate levels to ensure the proper action and efficacy 
ire ai (>10 0pm) ; of this tocolytic agent. Since completion of this study, 
shest pain’ l Sa . , 
a 4 we have had success with a regimen that begins with a 
= Hypokalemia (<2.5 mEq/L) 4 4 gm bolus (during a 20-minute period), followed by a 
Hyperglycemia (>250 mg/dl) 2 rate of 4 gm/hr, with increases to 4.5 or 5 gm/hr at 30- 
= Magnesium sulfate (n = 33) a y | 
Lethargyt 15 minute intervals, if needed. That the preterm labor 
Nausea 7 patient is near the zenith with respect to plasma volume 
a as well as glomerular filtration rate suggests the need 
n ; i ‘ ‘ ` . 
Nystagmus 1 for an increased infusion rate of magnesium sulfate 


necessary to achieve the high serum levels required for 
tocolysis. 

In both the ritodrine hydrochloride and magnesium 
sulfate groups, oral B-sympathomimetics to continue 
prevention of preterm delivery as suggested by Brown 
and Tejani"’ were used. The two groups demonstrated 
an equal number of recurrences (two) of preterm labor 
with this protocol. This relative success is in agreement 
with the work by Spisso et al,” who demonstrated the 
advantages of oral B-sympathomimetic therapy (on an 
outpatient basis) in a group receiving parenteral mag- 
nesium sulfate. Therefore the use of intravenous mag- 
nesium sulfate to achieve short-term tocolysis followed 
by an oral B-adrenergic receptor agonist, whether the 
drug of choice be ritodrine hydrochloride or terbuta- 
line sulfate, to minimize recurrences appears successful 
and warranted as is the case for the use of magnesium 
sulfate after intravenous 8-sympathomimetics. 

Adverse effects appeared with equal frequency in the 
two groups; however, they were more alarming in na- 
ture in the ritodrine hydrochloride group. Unlike the 
adverse side effects seen with magnesium sulfate, rito- 
drine hydrochloride effects do not appear dose related 
but may be a phenomenon of receptor number and 
activity. This further limits ba P edictability ok its pe 
action. nd Tn 
The present study fur 
and efficacy of mag 
within : set therapeu 




















a d measured. It is this measurability of a serum re- 
sponse to therapy and a close relationship between that 
< response and therapeutic success that allow physicians 
an end point with which they may gauge their therapy 
other than by maximum allowable dosage or by the 
development of intolerable adverse effects. Infusions 
of magnesium sulfate may be titrated to a serum con- 
centration that seems from limited experience to be 
equivalent in all patients. If tocolysis is not achieved at 
that concentration, then preliminary data suggest that 
ritodrine may not succeed where magnesium has failed. 
The data (Table IV) demonstrate that in four of five 
patients in whom therapy with magnesium sulfate 
failed to achieve tocolysis, this failure was indeed in the 
patients’ best interest. Although numbers are limited, 


_ a similar conclusion could not be reached in ritodrine 


hydrochloride failures. Some caution should be exer- 
cised in case more experience reveals greater risks of 
magnesium sulfate tocolysis than found in this study. 

The perfect answer to the prevention of preterm 
delivery is probably not drug therapy. No drug is ef- 
fective under all conditions and side effects are fre- 
quent. However, the efficacy of magnesium sulfate and 
its apparent safety appear to place this agent at the 
forefront of those therapies available for tocolysis. On 
__ the basis of our work and the articles of Spisso et al., 
~ Elliot’ and Harbert et al.,"* it appears that magnesium 
sulfate appears to be the first-line tocolytic agent of 
choice in the treatment of premature labor. Our phy- 
sicians and nurses were quite receptive to the use of 
magnesium sulfate as the result of their familiarity with 
its administration and side effects albeit at lower in- 
fusion rates. The drug appears to offer a high thera- 
peutic-to-toxic ratio with a serum concentration re- 
sponse that is easy to determine. 
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by Ba- sympathomimetics 


: _ Uwe Freese, M.D. 


-Intrapartum fetal distress is, in essence, a conse- 
‘quence of critically diminished fetomaternal exchanges 
often resulting from the ischemic effect of uterine con- 
tractions on the intervillous space (and sometimes also 
on. the umbilical circulation) acting on an already com- 
: omised maternal placental circulation.’ The prevail- 
ng treatment of this complication is an emergency de- 
‘livery and the outcome is frequently an acidotic and 
epressed newborn infant. 
ca When drugs able to effectively inhibit uterine con- 
-tractions (tocolysis) became available,” we proposed us- 
ng them to treat intrapartum fetal distress.” The ra- 
ionale for their effect is to remove the aggravating 
influence of uterine contractions and hence enable the 
mprovement of the fetal metabolic condition. Encour- 
ging results based on a few observations were reported 
ththis method; that is, nonacidotic and vigorous new- 
born infants were delivered in spite of having had se- 
‘rious fetal distress sometime before delivery. 
` Subsequently, favorable results’? and a small inci- 
dence of maternal and fetal side effects or compli- 
-ations®’ 71015 were reported with the use of tocolysis to 
“treat intrapartum fetal distress. However, this method 
s not currently used in the United States, perhaps be- 
cause a still larger clinical experience is needed before 
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eatment of acute intrapartum fetal distress 


7 Chicago, Illinois, Madrid, Spam, and Montevideo, Uruguay 





| 6 Mates eae M.D., Ph.D., Afrasiab Shekarloo, M.D., Vernon Cook, M.D., and 


Patients with a diagnosis of severe intrapartum fetal distress by fetal heart rate and capillary blood pH 
‘monitoring received B,-sympathomimetics to inhibit uterine contractions (tocolysis) while the obstetric team 
was preparing to. deliver the fetus. Fetal heart rate and acidosis significantly improved after tocolysis; these 
- -fetuses were subsequently delivered in very good metabolic and clinical condition. The favorable effect of 
-< tocolysis on fetal homeostasis is attributed to the suppression of the ischemic effect of contractions on the 
- placental circulation. The few fetuses having an extremely compromised placental function showed no 
-improvement in heart rate or acidosis with tocolysis and were immediately delivered. Considering the mild 
o side effects observed, the lack of maternal complications, and the remarkable perinatal outcome obtained, 
a we racommend using tocolysis before delivering distressed fetuses. (Am J OBSTET GYNECOL 1987;156:638-42.) 


‘Rey words: Fetal distress, fetal resuscitation, tocolysis, fetal treatment 


it will be adopted. In this study we describe our ex- 
perience with the use of B.-sympathomimetics in the 
treatment of fetal distress in 49 well-documented 
patients. 


Material and methods 


The observations included in this study were ob- 
tained from three different Perinatal Centers (Depart- 
ment of Obstetrics, Cook County Hospital, Chicago, 
Illinois; Maternity Santa Cristina, Madrid, Spain, and 
Service of Obstetrical Physiology, Montevideo, Uru- 
guay) and the patients were managed basically accord- 
ing to the same protocol. High-risk patients were rou- 
tinely monitored during labor regarding fetal heart 
rate, uterine contractility, and fetal capillary blood pH. 
Additional fetal samples were obtained within 30 to 60 
minutes when consistent late decelerations, a severe 
cord compression pattern, or sustained bradycardia was 
recorded. In 49 of these patients, the diagnosis of fetal 
distress was confirmed when an actual fetal pH <7.20 
or a descent >0.10 pH unit was found. Immediately 
afterward and while the obstetric team was preparing 
to deliver the fetus, a B.-sympathomimetic was admin- 
istered to the mother. The cervical dilatation at this 
time ranged from 2 to 10 cm (mode 4 to 6 cm), General 
infection, severe preeclampsia, cardiovascular disease, 
and hyperthyroidism were considered contraindica- 
tions to the use of B.-sympathomimetics. 

Three different tocolytic drugs were studied: rito- 
drine hydrochloride (Yutopar, Prepar), orciprenaline 
(Alupent), and terbutaline. Ritodrine and orci prenaline | > 
were administered in a continuous tr fusion — 
at doses of 200 to 350 and 20 
The dose was adjusted t to 








Fetal distress treated by tocolysis 639 





Fig. 1. Typical effect of By-sympathomimetics. A fetus with a capillary blood pH of 7.19 developed 
a severe cord compression pattern (top) and in 45 minutes the fetal pH fell from 7.19 (A) to 7.06 
(B). Six minutes later, after a ritodrine infusion was started, the fetal heart rate improved, after the 
disappearance of uterine contractions (B). A fetal sample obtained 28 minutes after the onset of 


~ 


tocolysis shows a fetal pH of 7.29. The infant was delivered 22 minutes later by forceps. Apgar 
socres were 7 and 9. Umbilical vein blood pH was 7.29. The umbilical cord was wound around the 


fetal neck. Paper speed = | cm/min. 


with minimal side effects. The duration of the infusion 
was 20 to 70 minutes (mode 20 to 30 minutes). Ter- 
butaline was used as a single intravenous bolus injection 
of 0.25 mg. Twenty-five patients received ritodrine, 14 
orciprenaline, and the remaining 10 terbutaline; no 
other therapeutic measure was used. 

When the fetal heart rate showed a rapid improve- 
ment, that is, the late or variable decelerations markedly 
diminished in amplitude or totally disappeared or 
bradycardia reversed to a normal baseline level, the 
blood sampling was repeated within 10 to 20 minutes. 
If the fetal pH improved, the fetus was allowed to re- 
main in utero until reaching a pH of 27.25 before 
being delivered. If no improvement occurred in the 
fetal heart rate or if the improvement was not accom- 
panied by an increase in fetal pH, the fetus was im- 
mediately delivered. 

Maternal age ranged from 15 to 39 years (mean = 
24.0; SD = 6.4) and gestational age from 34 to 43 
weeks of amenorrhea (mean = 39.8: SD = 2.12). The 
mean neonatal weight was 3167 gm (SD = 532.89). pH 
of umbilical venous blood, Apgar scores at the first and 
fifth minutes, neonatal body weight, maternal arterial 
pressure, and pulse rate were also recorded. 

The data of the 37 fetuses who had successful sam- 


Table I. Values of fetal blood pH (all 
samples included) 





Before distress 7.266 0.045 39 
During distress 7.421 0.048 49 
After B.-sympathomimetics 7.239 0.073 44 
Umbilical vein 7.256 0.072 47 





pling before, during, and after fetal distress were an- 
alyzed by a repeated measures analysis of variance. To 
determine which pairs of means were significantly dif- 
ferent, the conditions were compared with a paired 
Student's ¢ test. 


Results 


Except when otherwise stated, no significant differ- 
ences (p > 0.05) were identified among the three 
B.-sympathomimetic drugs used. A typical observation 
on the effect of tocolysis on fetal heart rate and pH is 
shown in Fig. 1 (A and B). The values of fetal blood | 
pH are summarized in Table I. As fetal distress devel- 
oped, the mean fetal pH decreased from 7.266 to 7.121 
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Table II. Analysis of variance for repeated 
easures including only the fetuses with 
ccessful sampling before, during, and after 
‘olysis (F value = 87.29, p < 0.0005) 


pH 


Before distress 7.266 0.046 37 
During distress 7.121 0.045 37 
After tocolysis 7.242 0.071 37 








and at the time of distress all fetuses had a capillary 
blood pH <7.20, except for one fetus with a diagnosis 
of fetal distress because the pH decreased from 7.34 
to. 7, 23 in 65 minutes (see Fig. 2, top). After the ad- 
ministration of B.-sympathomimetics, the average scalp 
pH rose from 7.121 to 7.239 (Table 1); in 37 of the 44 
tuses sampled before delivery (84.1%) the pH was 
>7.18 and in 34 of them (77.3%) the pH was >7.23 
Cd ‘ig. 2, bottom). 

, ‘he statistical analysis of the pH values obtained in 
the 37 fetuses who were sampled before, during, and 
r distress (after B.-sympathomimetics) showed over- 
significant differences for the three conditions 
(Table Il). The difference between the mean values 
btained before distress and after B.-sympathomimetics 
as not significant, whereas the differences between 
je values recorded before and during distress and 
those during distress and after 8,-sympathomimetics 
ere significant (Table IHI). 

The pH values of the umbilical vein 1 blood Tapies 























ye 1). In 41 of them (87.2%) 
d in 40 (81.1%) it was >7.24. 
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Fig. 2. Top: Duri ing fetal distress all fetuses but one (see text) had a pH lower than 7.20. After 
tocolysis (bottom) in 37 fetuses pH was >7.18 and in 34 it was >7.23. The modal pH after tocolysis 
was 7.25. All sampled cases are included. (See also Table I.) 


After administration of ße -sympathomimetics, a 


marked improvement in the fetal heart rate accom- : ae 


panying the fetal pH increase was noticed in 34 of the 
41 patients having reliable fetal heart rate tracings. In 
one patient (No. 21) the fetal pH remained unchanged 
at 7.08, although ritodrine succeeded in suppressing 
the uterine contractions and the fetal heart rate rose 
from 85 to 125 bpm.* The remaining six fetuses, who 
showed no definite changes either in the heart rate or 
in the scalp pH after the administration of B,-sympa- 
thomimetics, were promptly delivered by cesarean sec- 
tion (five patients) or forceps (one patient, No. 35). The 
clinical complications identified in these fetuses ate. 
listed in Table IV. 

The fetal acidosis (Tables I and HI) developed quite 
rapidly (average 45.1 minutes) and after tocolysis the 
pH recovered even faster (average 37.1 minutes, see 
Table V). As mentioned above, the pH changes re- 
corded from normal to distress and from distress to 
after tocolysis (Table III) were very similar. 

Most patients (40) were delivered by cesarean section, 
under general or epidural anesthesia.+ Nine patients 
were close to full dilatation when fetal distress devel- 
oped; eight of these fetuses recovered during tocolysis 
and subsequently uterine contractions were allowed to 
reestablish. Five of them were delivered by forceps ap- 
plication and three had a normal spontaneous va aginal: 


*This 41-week-old fetus was de > ivere ‘by a cesarean section 
25 minutes after being diagnose 
gar scores of 3 and 4 (at the firs 
and a body weight of 2250 g 
planation for this unusual be 

+Some cesarean sections we 
under epidural anesthesia 























Before. distress—during distress 0.145 
Before distress—after tocolysis 0.024 
During distress—after tocolysis -0.118 


-Difference in values before distress and after tocolysis was not significant (paired Studént's $ $ test, po 0.087). Difference 
values before distress and during distress and during distress and after tocolysis were significant (p < 0.005). 


Table IV. Clinical complications identified in fetuses who showed no definite improvement in heart rate 


Apgar score 


and pH after B.-sympathomimetics 






Fetal pH 
At | After 
distress B.-sympathomimetics I min 
7.06 7.12 4 
7.10 7.10 5 
7.15 7.12 5 
7.05 7.07 3 
7.06 7.05 3 
7.18 7.16 2 


Table V. Time elapsed (in minutes) between 
fetal samples obtained before and during 
fetal distress and during fetal distress to 
after tocolysis 





“Before PE distress 45.1 27.97 39 
ee distress—after tocolysis 37.1 15.3 47 





delivery. All of them had Apgar scores of 27 at the 
first minute. The remaining patient (No. 35) showed 
no fetal improvement with tocolysis and was delivered 
as an emergency by forceps (Apgar scores of 3 and 5 
at the first and fifth minutes). 

No fetal or early neonatal losses occurred in this se- 
ries and the clinical progress of these neonates was 
unremarkable, except for one infant who died on the 
tenth day of extrauterine life as a consequence of mul- 
tiple congenital malformations. A low one-minute Ap- 
gar score (<6) was found in 13 of the 49 newborn 
infants (26.5%), although four of these had a scalp pH 
>7.25 before delivery and in the umbilical vein blood. 
At 5 minutes of extrauterine life, 43 neonates had an 
Apgar score of =7. 

The clinical complications probably responsible for 
the fetal distress are listed in Table VI and those iden- 

tified in the six patients who showed no improvement 


ae “with th B, .-sympathomimetics are presented in Table IV. 


Detailed paternal data on à cardiovase ular and 1 neu- 





Loe [oe oao rr 













0.046 19.79 <0.0005 3 
0.082 1.76 0.087 SF 
0.085 -9.26 0.0005 44 


Clinical hi dinasadle 


6 intrauterine growth retardation, short cord 
2 Class B diabetes 

6 Short cord 

6 Abruptio placentae 

5 Tight true knot, short cord 

3 Multiple congenital malformations 


Table VI. List of clinical complications. 
probably responsible for fetal distress 


Complication. 


Cord complication 21 
Preeclampsia 9 
Unknown 8 
Placental lesions 6 
Intrauterine growth retardation 4 
Oligohydramnios 4 
Diabetes 3 
Postmaturity 2 
Congenital malformation 2 
Hypercontractility 2 


remained almost unchanged (128 to 132 and 72: 
70.0 mm Hg, respectively). Well-tolerated mild trer 
and nervousness were reported in 11 patients, 10 0 
them with orciprenaline and one with ritodrine. The 
average fetal heart rate increased 21.0 bpm (p < 0.01). 
Spontaneous or oxytocin-induced postpartum uterine 
contractility was normal in all cases. | 

The estimated maternal blood loss was under 500 m 
in vaginal deliveries and under 1000 ml in cesare: 
sections, No neonatal complications were identified tt 
could be related to the use of B.-sympathomimetics. 





Comment 


The outcome of this series, in terms of umbilical” 
blood pH and perinatal mortality and morbidity, is d 
initely closer to that of a normal population than to 
that of a group of seriously distressed fetuses. 
very intriguing pad the marked a. of a 



























































between the pH change from normal to distress and 
the ti time elapsed,' '* the resulting average value (0.0037 
pH units per minute, SD = 0.002) would classify these 
` fetuses as having acute or even superacute fetal distress 
according to Saling’s classification. '° 
. After tocolysis, most of these fetuses recovered al- 
©- most as rapidly as they deteriorated (Table V), which 
< suggests that the uterine contractions were the major 
distressing factor since, as soon as they disappeared, 
©- the placental function sufficed to rapidly correct fetal 
- acidosis. We may conclude that the fetal improvement 
observed after tocolysis was mainly determined by the 
inhibition of uterine contractions, although some direct 
-o influence of these drugs on the fetomaternal homeo- 
stasis and cardiac output**'"'?"° cannot be totally ex- 
cluded. 
-In six fetuses, tocolysis failed to restore the fetal ho- 
<. meostasis. The kind of complication identified as the 
¿© probable cause of distress in these fetuses (Table l) 
may explain why in utero inhibition was unable to im- 
prove fetal condition. When fetal acidosis results from 
tight true knot or a short umbilical cord, an extensive 
abruptio placentae, or a fetal cardiovascular malfor- 
lation, it will not be corrected only by suppressing 
uterine contractions. The main cause for fetal com- 
promise in these cases is a very serious impairment of 
placental or fetal function and the ischemic effect of 
contractions on the maternal blood flow through the 
intervillous space plays a very secondary role. 
_ With only one exception, the fetal heart rate closely 
reflected the improvement of fetal acidosis. A practical 
consequence of this finding is that when B.-sympatho- 
_ mimetics are used to treat fetal distress, the evolution 
of fetal pH can be reasonably predicted by a careful 
valuation of the fetal heart rate tracing. When the fetal 
hear ‘rate bradycardia, late decelerations, or serious 
variable pattern fades out, a progressive recovery of 
fetal acidosis usually follows. These fetuses may remain 
“in utero,’ ’ enabling the placenta to balance the altered 
al omeostasis before birth and lead to the delivery 
gorous neonate, with an already corrected aci- 
-good cardiovascular function, and a favorable 
prognosis. When the fetal heart rate remains ominous, 
o mprovement i in fetal homeostasis is to be expected; 
e fetuses should be delivered as soon as possible. 
deally, the obstetric team should be ready to perform 
n emergency cesarean section when no improvement 
the fetal heart rate is detected after tocolysis. 
Finally, it should be noted that cesarean section was 
a avoided in a few cases (nine vaginal deliveries, 18.36%) 
primarily because the fetal distress occurred when the 
: : : = Cervix was close to full dilatation and the lapse without 
- contractions allowed the recovery from fetal acidosis. 
T Considering the benefits obtained from the use of 
hat 1 the lack sal maternal, fetal, and neo- 

















natal mortality, the reduced perinatal morbidity, aud o. 
the mild side effects observed by us and other authors, 
we can conclude that there is enough evidence to sup- 
port the use of B.-sympathomimetics in treating acute 
intrapartum fetal distress if the proper technique and 
indications are followed. 


We want to thank Dr. Marija Norusis, Associate Pro- 
fessor, Preventive Medicine. Rush-Presbyterian—Saint 
Luke's University, Chicago, Hlinois, for kindly super- 
vising the statistical analysis of the data. 
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-indications and Usage: Ovcon is indicated for the prevention of pregnancy. Some combination 
. products containing 35 meg. or jess of ethinyl estradiol report slightly higher pregnancy rates than 
„Ate reported for the higher dose combination products. 

- Dose-related Risk of Thromboembolism trom Oral Contraceptives: Two studies have shown a positive 
~ association between the dose of estrogens in oral contraceptives and the risk of thromboembolism. 
. For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed for any given patient should be that 
product which contains the least amount of estrogen that is compatible with an acceptable pregnancy 
‘fate and patient acceptance. itis recommended that new acceptors of oral contraceptives be started 
-DÅ Ai N containing 50 meg. or jess of estrogen. 

. Contraindications: Oral contraceptives should not be used in women with any of the following 
_ conditions: 1) Thrombophiebitis or thromboembolic disorders. 2) A past history of deep vein 
_ thrombophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 
4} Known or suspected carcinoma of the breast. 5} Known or suspected estrogen dependent 
neoplasia. 6} Undiagnosed abnormal genital bleeding. 7} Known or suspected pregnancy. 8) Benign 
or malignant liver tumor which developed during the use of oral contraceptives or other estrogen- 
containing products. 

Warnings: 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Wamen who use oral contraceptives should be strongly advised not to smoke. 
Use of oral contraceptives is associated with increased risk of several serious conditions, 


including thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder 
disease, hypertension. Practitioners prescribing oral contraceptives should be familiar with the 
following information reiating to these risks. 


1) Thremboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic and 
thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
nonfatal venous thromboembolism and stroke. both hemorrhagic and thrombotic. These studies 
-estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. in a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
-Aonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
‘United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity. diabetes, history of 
i. preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives. however, were found to be a 
lear-additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive 
users who do not smoke (smoking considered a major predisposing condition to myocardial 
nfarction) are about twice as likely to have a fatal myocardial infarction compared to nonusers who 
lo not smoke. Oral contraceptive users who smoke have about a 5-fold increased risk of fatal 
nfarction compared to users who do not smoke but aboui a 10- to 12-fold increased risk compared to 
lonusers who do not smoke. The amount of smoking is a very important factor. British investigators 
oncluded that the risk of thramboembolism including coronary thrombosis is directly related to the 
sé of estrogen used in oral contraceptives; preparations containing 100 mcg. or more of estrogen 
jere associated with a higher risk of thromboembolism than those containing 50-80 meg. of 
strogen.. The relative risk of thromboembolic disease associated with progestin-only oral 
sontraceptives has not been determined, Cases of thromboembolic disease have been reported in 
women using progestin-only products, and they should not be presumed to be risk-free. The overal! 
“excess mortality rate annually from circulatory diseases for oral contraceptive users was estimated 
tobe 20-per 100,000 (ages 15-34, 5/100.000; ages 35-44, 33/100 000; ages 45-49. 146/100,000). 
the risk being concentrated in cider women, in those with a long duration of use, and in cigarette 
. smokers. The highest risk was found in heavy cigarette smokers (15 or more cigarettes per day) who 
used oral contraceptives and were aged 40 or older. Women who smoke shouid be advised not to use 
orai contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with ail of the methods of birth control is low compared to 
: the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
“The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction ts further increased by hypertension, 
hypercholesterolemia, obesity, diabetes, or history of preectamptic toxemia, and especially by 
: cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g.. thrombophlebitis, pulmonary embolism, 
- cerebrovascular insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis}. 
Should any of these occur or be suspected, the drug should be discontinued immediately. H feasible, 
oral contraceptives should be discontinued at least 4 weeks before Se of a type associated with 
- an increased risk of thromboembolism or prolonged immobilization. 2) Ocular Lesions. There have 
_ been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
- partial or complete loss of vision: sudden onset of proptosis or diplopia: papilledema; or retinal 
. vascular lesions, and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
| Lang term administration of either natural or synthetic estrogen in certain animal species increases 
. the frequency of carcinoma of the breast. cervix, vagina and liver. in humans, one study investigated 
_the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease. nearly all occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
‘increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
: -` Gontraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
. although one study reported an increased risk of breast cancer in subgroups of women treated using 
oral contraceptives with documented benign breast disease. There is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with oral contraceptives. 
‘Close clinical surveillance of all women taking orai contraceptives is essential. in all cases of 
‘undiagnosed persistent or recurrent abnormal vaginal bieeding. appropiate diagnostic measures 
-should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
_ particular care if they elect to use oral contraceptives. 4) Hepatic Adenoma. Benign hepatic adenomas 
- have been found to be associated with the use of oral contraceptives. One study reported a higher risk 
_ associated with oral contraceptive formulations with high hormonal potency. Although benign and 
- rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
’Fhis has. been reported in short term as well as long term users of oral contraceptives. Two studies 
-relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
: Oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
_ presenting abdominal pain and tenderness, abdominal mass, or shock. A tew cases of hepatocellular 
- Carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 
> to this type of malignancy is not known at this time. 5) Use in Pregnancy, Birth Defects in Offspring 
< and Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
“women who have taken progestogens and/or estrogens during pregnancy. it has been shown that 
- females exposed in utero to diethyistilbestro!. a nonsteroidal estrogen. have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. A nigh 
- percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these.changes are peor benign it is not known whether this 
condition is a precurser of vaginal malignancy. Male children so exposed may gee abnormalities 
- of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of limb 
+ reduction defects in exposed fetuses is somewhat jess than 1 in 1000 tive births. In the past, female 






























contraceptive agma if the patient has not adhered to the prescribed schedule, the possibility of 
pregnancy show 


been reported in women heat oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no hig 


reported prevalence in the first year. Women who previously had hypertension during pregnancy may 
be more likely to develop elevation of blood pressure when given oraj contraceptives. 9} Headaches. 
The onset cr exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent or severe, requires discontinuation of oral contraceptives and investigation of 
the cause. 19) Bleeding irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. in breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are 
indicated ta rule out pregnancy or mahgnancy. If pathology has been excluded, time or change to 
another formulation may solve the problem. Changing to an oral contraceptive with a higher estrogen 
content, while potentiaily useful in minimizing menstrual side eal should be done only if 
necessary since this may increase the risk of thramboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a 
tendency to remain anovuletory or to become amenorrheic after discontinuation of oral 
contraceptives. Women with these preexisting problems should be advised of this possibility and 
encouraged to use other contraceptive methods. 11) Ectopic Pregnancy Ectopic as well as 
intrauterine pregnancy may occur in contraceptive failures. However. in oral contraceptive failures. 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral contraceptives 
since the drugs are more effective in preventing intrauterine rather than ectopic pregnancy. The 
higher ectopic-intrauterine rata has been reported with both combination products and progestin- 
only oral contraceptives. 12} Breast Feeding. A small fraction of the hormonal agents in oral 
contraceptives has been identified in the miik of mothers receiving these drugs. The long-range 
effect to the nursing infant cannot be determined at this time. 

Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptivas. Examination should include speciai reference to blood pressure, breasts, abdomen 
and pelvic organs. including Papanicolaou smear and relevant laboratory tests. As a general rule. 
oral contraceptives should not be prescribed for ‘onger than 1 year without another physical 
examination being performed. 2) Under the influence of estrogen-progestogen preparations. 
preexisting uterine lesomyomata may increase in size. 3} Patients with a history of psychic 
depression shouid be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 4) Because oral contraceptives may cause some degree of fluid retention. conditions which 
might be aggravated by fluid retention, such as convu'sive disorders, migraine syndrome. cardiac or 
renal insufficiency or asthma require carefu! observation. 5) Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence of jaundice while receiving.oral contraceptive 
therapy. Hf jaundice develops in any patient receiving such drugs, the medication should be 
discontinued. 6) Steroid hormones may be poorly metabolized in poe with impaired liver 
function and should be administered with caution in such patients. 7) Oral contraceptive users may 
have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine 
deficiency. The clinical significance of this is yet to be determined. 8} Serum folate levels may be 
depressed by ora! contraceptive therapy. This may complicate subsequent pregnancy with regard to 
folate deficiency. 9) The pathologist should be advised of oral contraceptive therapy when relevant 
specimens are submitted. 10) Certain endocrine and ‘iver function tests and blood components may 
be affected by estrogen-containing oral contraceptives: a. increased sulfobromophthalein retention. 
b. Increased prothrombin and factors Vil, VHI, IX, and X; decreased antithrombin 3; increased 
ncrepinephrine-induced platelet aggregability. c. increased thyroid binding globulin (TBG) leading 
to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), Ts by 
column. or Fs by radioimmunoassay. Free Ts resin uptake is decreased, reflecting the elevated 
TBG. free Ta concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 11) The active yellow tablets and the mert green tablets in Ovcon-50 (21 and 28 
day regimens) and the inert green tablets in the 28 day regimen of Ovcon-25 contain FD&C Yellow No. 
5 (tartrazine) which may cause allergic-type reactions (including bronchial asthma) in certain 
susceptible individuais Although the overal incidence of FD&C Yellow No. 5 (tartrazine} sensitivity 
in the general population is iow. it is frequently seen in patients who also have aspirin 
hypersensitivity. 

information for the Patient: Detaied Patient Labeling has been prepared tor use by the patient and has 
been made available for distribution by the pharmacist. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenylbutazone. phenytoin sodium, ampicilin and tetracycline. 

Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings}. Thrombophiebditis, pulmonary embolism, 
coronary thrombosis. cerebra: thrombosis, cerebral hemorrhage. hypertension, gall bladder 
disease. congenital anomalies. There ts evidence of an association between the following conditions 
and the use of oral contraceptives, although additionai confirmatory studies are needed: Mesenteric 
thrombosis: benign hepatomas. neuro-ocular lesions, e.g.. retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting. usually the most common adverse reactions, 
occur in approximately 10% or less of patients duning the first cycle (other reactions. as a general 
rule. are seer much less ee or only occasienally): gastrointestinal symptoms (such as 
abdominal cramps and bloating}: breakthrough bleeding: moras change in menstrual flow, 
dysmenorrhea: amenorrhea during and atter treatmen:: temporary infertility after discontinuance of 
treatment: edema. chigasma ar melasma which may persist: breast changes (tenderness. 
enlargement, and secretion}. change in weight (increase or decrease}. change in cervical erosion and 
cervical secretion; possible diminution in lactation when given immediately postpartum. cholestatic 
jaundice. migraine; increase in size of uterine letomyomata: rash (allergic); mental depression: 
reduced tolerance to carbohydrates: vaginal candidiasis: changes in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of oral 
contraceptives. and the association has been neither confirmed nor refuted: Premenstrual-like 
syndrome, cataracts, changes in libidc, chorea, changes in appetite, cystitis-like syndrome. 
headache, nervousness. dizziness, hirsutism, oss of scalp hair, erythema multiforme. erythema 
nodosum, hemorrhagic oae vaginitis, porphyria. 7 

Acute Overdosage: Serious ili effects have not been reported following acute aeron òf targe doses 
of orai contraceptives by young children. Overdosage may cause nausea, and withdrawal wong 
may occur in females. e ee aO 
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FACULTY OF MEDECINE 
UNIVERSITY OF 
MONTREAL 


The Department of obstetrics-gynecology in- 
vites application for a faculty position in 
perinatalogy at the Pediatric Research Center 
of Ste-Justine Hospital to be filled from June 
1st, 1987. Candidates should hold a M.D., be 
certified specialist in obstetrics-gynecology 
and have a two-year minimum research train- 
ing. A good working knowledge of the French 
language is required. Curriculum viate with 
description of research interests should be 
submitted by April 15, 1987 to: 
Dr. Yves Lefebvre 
Chairman 
Dept. of obstetrics-gynecology 
Faculty of Medicine 
University of Montreal 
P.O. Box 6128, Station A 
Montreal (QUEBEC) H3C 3J7 


In accordance with Canadian immigration re- 
quirements, priority will be given to Canadian 
citizens and permanent residents. 


FACULTY 
POSITION 


The Knoxville Unit of The University of Tennessee Col- 
lege of Medicine is currently accepting applications 
for general specialists in the Department of Obstetrics 
and Gynecology at The University of Tennessee Med- 
ical Center at Knoxville. 


This position requires board certification or eligibility 
in Obstetrics and Gynecology. Responsibilities in- 
clude: resident and medical student education; par- 
ticipation in Regionalization Program; and Clinical or 
basic research. 


Specialized areas of interest such as: adolescent 
GYN; GYN urology; benign GYN surgery; and/or 
reproductive immunology are encouraged. 


Academic rank is commensurate with qualifications 
and experience. 


Interested persons should send curriculum vitae to: 


Chairman, Department of 
Obstetrics and Gynecology 
University of Tennessee 
Medical Center 

1924 Alcoa Highway 
Knoxville, TN 37920 

(615) 544-9306 


An Affirmative Action/Title IX/Section 504 Employer 


SEATTLE GROUP PRACTICE 


Fast growing women’s OB/GYN 
Group practice 


Associated with a major Seattle medical 
center. First year income guarantee. Mal- 
practice and benefits provided. Practice 
structured to support personal as well as 
professional goals. High-quality medical 
community. New delivery facilities, strong 
Family Practice Residency and Depart- 
ment. 


For information: 


The Friedrich Group, Inc. 
9284 Ferncliff Northeast 
Bainbridge Island, WA 98110 
(206) 547-7850 
(206) 842-5248 


OBSTETRICIAN 
GYNECOLOGIST 


Position available with The Permanente 
Medical Group, Inc., San Jose, California. 
Sixteen member OB/GYN Department 
seeking Board Certified/Eligible physi- 
cians for immediate openings. Excellent 
professional environment, competitive 
salary, outstanding benefits. Located in 
the San Francisco Bay Area, with superb 
educational, cultural and recreational ac- 
tivities. 
Contact: 
Jerome L. Nehemiah, M.D., Chief 
Department of OB/GYN 
The Permanente Medical Group, Inc. 
260 International Circle 
San Jose, CA 95119 
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Satisfactory 
Response 
(No. of cases) 


Cefizox* 100% (48/48) 
(ceftizoxime) 


cefoxitin 98% (60/61) 





Clinical response was based upon subjective evaluation by the investigator; 
no differentiation between cure and improvement was made. 
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MIC, 
Organisms (No. of strains) (mcg./ml.) 


Escherichia coli (40) 


MIC 
( mcg./ml.) 
6.3 


Klebsiella pneumoniae (32) 
Enterobacter aerogenes (16) 
Proteus (indole + ) (26) 
Serratia marcescens (32) 
Providencia rettgeri 
Bacteroides fragilis (55) 


*Due to susceptible strains of indicated organisms. 

+/n vitro activity does not necessarily imply in vivo effectiveness. 

1. Lou, MA., et al.: Comparative evaluation of ceftizoxime and cefoxitin in the 
treatment of intraabdominal infections, 14th Internat. Congr. Chemother., 

June 1985, Kyoto, Japan, pp. 2378-2379. 

2. Fu, KP. and Neu, H.C.: Antibacterial activity of ceftizoxime, a 3-lactamase-stable 
cephalosporin, Antimicrob. Agents Chemother. 17:583-590, Apr. 1980. 

3. Thomsberry, C.: Review of in vitro activity of third-generation cephalosporins and 
other newer beta-lactam antibiotics against clinically important bacteria, Am. J. 
Med. 79: (Suppl. A) 14-20, Aug. 1985. 

4. Aldridge, KE., et al.: Comparison of the activities of penicillin G and new 8- 
lactam antibiotics against clinical isolates of Bacteroides species, Antimicrob. 
Agents Chemother. 26:410-413, Sept. 1984. 








Average Pa gr Costs of 


Therapy for Severe Infections Mefoxin“ 


Preparation and 
Administration 
Cost per Dayt 





Savings with CEFIZOX® $21 to $49 


* Price quoted = wholesaler's price + 5%. 
t Rounded to the nearest dollar. 
+ Estimated @ $3/dose. 


e Offers b.i.d. dosing for all but 
life-threatening infections 


e Outstanding mixed aerobic/ 
anaerobic coverage 


¢ Excellent safety profile 


e Lower cost of therapy than 
Mefoxin’ 


right! Why risk 


coverage? 





Manufactured for 
Fuysawa SimthKhne 
Distributed by 


SKEF Laboratones 
Division of SmithKline Beckman Corp 


Please see brief summary of prescribing 
information on last page of this advertisement. 


Cefizox 


brand of 


sterile ceftizoxime sodium 
and ceftizoxime sodium injection 





Before prescribing, see complete prescribing information in SKGF literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 

URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 


INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli; Klebsiella 

sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. ‘Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX’ IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 


Drug Interactions: Although the occurrence has not been reported with ‘Cefizox? nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 


Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 


Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 


ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 


Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Renal/—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for I.V. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 


BRS — CF:L14 
© Smith Kline &French Laboratories, 1987 
Division of SmithKline Beckman Corporation 


{~ SI< Manufactured for 

K Fujisawa SmithKline Corporation 
Distributed by 
SK&F Laboratories 
Division of SmithKline Beckman Corp. 


Upper airway obstruction as a cause of pulmonary edema 


during late pregnancy 


Urs Lagler, M.D., and Erich Russi, M.D. 
Zurich, Switzerland 


We cescribe a 35-year-old woman who developed pulmonary edema at 38 weeks of pregnancy as a result 
of upper airway obstruction caused by a progressively enlarging euthyroid goiter. (AM J OBSTET GYNECOL 


1987;156:643-4.) 


Key words: Pulmonary edema, pregnancy, upper airways obstruction, goiter 


Pulmonary edema in pregnant women without 
preexisting heart disease may be caused by the use of 
B-mimetic agents for preterm labor, by severe hyper- 
tension Of preeclampsia, by amniotic fluid embolism, 
or by septic events during delivery. 


Case report 


A 35-year-old Albanian woman at 38 weeks of ges- 
tatidn was admitted in a semicomatose, cyanotic state 
with extreme shortness of breath with an inspiratory 
stridor. . 

A mild euthyroid goiter had been present for 2 years: 
During her pregnancy, which otherwise was normal, 
she noticed a progressive enlargement of her thyroid 
gland together with dysphagia and posture-dependent 
dyspnea. She was finally unable to sleep unless in a 
sitting position. There was no history of preeclampsia, 
high blood pressure, or congestive heart failure. 

On admission the patient was immediately intubated 
without difficulty with a 7.0 mm diameter endotracheal 
tube, and copious amounts of white foamy secretions 
were suctioned from the airways. Chest radiographic 
studies confirmed the clinical diagnosis of severe pul- 
mionary edema. Blood pressure was 80/60 mm Hg; 
analysis of arterial blood gas, drawn immediately after 
intubation and during ventilation with an Flo, of 1.0, 
revealed a Po, of 54 mm Hg and a pH ‘of 7.30. The 
pulmonary edema cleared within hours. Since the 
child’s heart rate pattern deteriorated, a cesarean sec- 
tion was performed and a viable boy was delivered. The 
postoperative course was without complications, and 
the patient remained stable and well oxygenated on the 
ventilator. Blood pressure was 120/80 mm Hg and the 
pulse rate 80 per minute and regular. A cardiac ultra- 
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sound scan revealed normal chamber diameters with 
good contractility and no sign of mitral stenosis. 

After 24 hours the patierit was extubated; 45 minutes 
later she became severely cyanotic, tachypneic, and 
short of breath and developed a massive inspiratory 
stridor. Again an endotracheal tube was inserted with- 
out difficulties. Flexible fiberoptic bronchoscopy re- 
vealed mild laryngeal edema and a normal tracheal 
diameter distal to the tip of the endotracheal tube. By 
retracting the tube we found a 70% slit-form tracheal 
stenosis 7 cm above the carina caused by extrinsic 
compression. No malignant cells were found by fine 
needle aspiration of the goiter. The trachea was de- 
compressed by subtotal strumectomy: no tracheoma- 
lacia was present. The histologic examination revealed 
a macrofollicular goiter. The postoperative course was 
uneventful. 


Comment 


We believe that pulmonary edema in this patient was 
caused by severe upper airway obstruction. The ab- 
sence of a history of toxemia, arterial hypertension, 
left ventricular dysfunction, or valvular heart disease 
makes other causes of pulmonary edema in late preg- 
nancy unlikely. Furthermore, the patient was not re- 
ceiving B-mimetics and there was no evidence of am- 
niotic fluid embolism. A strikingly similar case was re- 
ported by Stradling and Bolton.’ Pulmonary edema 
caused by upper airway obstruction has been reported 
secondary to tumor, strangulation, and interrupted 
hanging and in children with croup and epiglottitis; it 
can be:induced experimentally in dogs by increasing 
the inspiratory resistance.’ 

A normal pregnancy in a healthy woman does not 
result in pulmonary edema but may create a fragile 
pulmonary water balance. Blood volume is expanded: 
plasma volume increases by 50% in normal prima- 
gravid women and red cell mass by 18% to 30%. Fur- 
thermore, the colloid-oncotic pressure of plasma falls 
by about 7 cm of water. Thus it can be speculated that - 
the fluid shift from the pulmonary capillaries to the 
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alveolar space caused by complex intrathoracic pres- 
sure changes resulting from repeated Mueller maneu- 
vers may be facilitated by the expanded intravascular 
volume during late pregnancy. 
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Symphysis-fundus height, maternal height, labor pattern, and 


mode of delivery 


Alan B. Hughes, M.D., D. Adam Jenkins, M.B., B.S., B.Sc., Robert G. Newcombe, Ph.D., 


and James F. Pearson, M.D. 
Cardiff, Wales 


Fetal growth was monitored with use of symphysis-fundus charts in 920 consecutive term singleton 
pregnancies with cephalic presentation. There were 402 primigravid and 518 multigravid patients. The 
symphysis-fundus charts were divided into four zones and the patients allocated into groups according 10 
the zone of the last symphysis-fundus height measurement before the onset of labor. A highly sicnificant 
increase was noted in the incidence of abnormal labor and operative delivery in group A primigravid . 
women (symphysis-fundus height above the ninetieth centile), which was, even more pronounced when the 
effect of epidural analgesia was excluded. Conversely, there was a significant progressive increase in the 
proportion of operative deliveries for fetal distress from group A through group D (symphysis-fundus height 
below the. tenth centile). Similar trends were significant but less pronounced among multigravid women. 
The relationship between maternal height, symphysis-fundus height, and operative delivery for dystocia in 
primigravid women was examined. High operative delivery rates were present in group A primigravid 
patients regardless of maternal height. In groups B and C, however, increased maternal height was 
associated with lower operative delivery rates. (AM J OBSTET GYNECOL 1987;156:644-8.) 


Key words: Symphysis-fundus height, maternal height, labor pattern, mode of delivery 


Currently there is a resurgence of interest in low- 
cost clinical methods of measuring fetal growth. One 
such method that has achieved acceptance is the sym- 
physis-fundus height chart.'+ It séemed to us that these 
charts could be further used to provide information of 
prognostic value during labor. For instance, one might 
expect the largé infant to be at greater hazard from 
dystocia than from asphyxia, and conversely, the small 
infant to be at greater risk from asphyxia than from 
dystocia. Since fetal growth is reflected by symphysis- 
fundus height, reference to the pattern of symphysis- 
fundus growth might direct the attention of the obste- 
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trician toward certain problems more likely to be en- 
countered in labor. The present investigation attempts 
to examine this postulate and quantify this relationship. 


Patients and methods 


Nine hundred twenty consecutive term singleton 
pregnancies with cephalic presentation were analyzéd 
according to labor pattern and mode of delivery. There 
were 402 primigravid and 518 multigravid patients. 

Fetal growth was monitored with use of the sym- 
physis-fundus charts of Calvert et al.* (Fig. 1). Mea- 
surements, wére made by lightly marking the position 
of the uterine fundus while the patient was supine. The 
end of a nonelastic tape measure was held against the 
fixed point Ghai and the distance to the mark 
on the patient’s skin recorded. Whole digit preference 
was decreased by use of a tape marked in inches on 
one side and centimeters on the other. The measure- 
ment was initially made in inches, then the tape turned 
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over, and the corresponding metric value recorded to 
the nearest half centimeter. This method has a low 
intraobserver coefficient of variation (4.6%) and a 
low interobserver coefficient of variation (6.4%). The 
symphysis-fundus chart was divided into four zones 
(Fig. 1): zone A (symphysis-fundus height above the 
ninetieth centile line), zone B (between the fiftieth and 
ninetieth centile lines), zone C (between the tenth and 
fiftieth centile lines), and zone D (below the tenth centile 
line). Patients were grouped according to the zone of 
the last symphysis-fundus height measurement before 
the onset of labor. 

Gestational age was confirmed by ultrasound in early 
pregnancy in every case. During labor the use of con- 
tinuous electronic fetal heart rate monitoring and of 
composite partograms as described by Studd et al.* was 
routine. Continuous lumbar epidural analgesia was 
provided when clinically indicated or requested by the 
patient and used in 27% of the primigravid and 6% of 
the multigravid patients. Oxytocin augmentation of la- 
bor was provided for 23% of the primigravid and 4% 
of the multigravid patients. 

The labor pattern was considered to be normal if the 
rate of cervical dilatation during the active phase was 


at least 1.2 cm/hr in primigravid women and 1.5 © 


cm/hr in multigravid ones.® | 

We have used the term “active-phase dystocia” to 
include protracted active-phase dilatation (primary dys- 
functional labor), secondary arrest, and prolonged de- 
celeration phase. The duration of the latent phase of 
labor was excluded from analysis. “Second-stage delay” 
was interpreted as having occurred when operative 
intervention was required for “failure to progress.” 
This was usually compatible with Friedman’s limits of 
1.1 hours for multigravid patients. However, in the 
United Kingdom, the second stage of labor has been 
regarded as a time of particular risk for progressive 
fetal acidosis.” * Consequently for primigravid patients 
a time limit of 1% hours was usually recommended 
before intervention with assistéd delivery. 

The primigravid population was subdivided accord- 
ing to height. “Short” stature was taken as a height of 
<156 cm, as defined by Baird,’ and “tall” stature was 
defined as a height of >168 cm, so that the proportion 
of tall women (19%) approximated that of the short 
women (21%). The intermediate group (156 to 168 cm) 
comprised 60% of the population. 

Statistical analysis. Qualitative variables were ana- 
lyzed by x* tests. Groups A, B, and C were compared 
initially by a x? test on 2 degrees of freedom (df), or 
4 df in the case of labor pattern or mode of delivery. 
For many variables group A was dissimilar to group B 
but group B was similar to group C: in such in- 
stances the subsidiary analysis comparing group A with 
group B is quoted. Although all group D results are 
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Fig. 1. Chart of symphysis-fundus height based on Cardiff 
data.’ 


tabulated, they were too few for statistical analysis; 
hence all analyses were restricted to groups A, B, 
and C. Birth weight and gestational age were analyzed 
by one-way analysis of variance. 


Results 


Primigravid patients (Table I). Because of the sam- 
ple selection method, the distribution of symphysis- 
fundus heights was shifted to the right compared to 
published standards. There were 70 measurements in 
zone A, 195 in zone B, 122 in zone C, and 15 in zone 
D. Gestational age at delivery was slightly longer in 
group A than in groups B and C (Table II). Mean birth 
weight echeloned significantly from 3770 gm in group 
A, to 3410 gm in group B, and to 3170 gm in group 
C (F = 51.7, df = 2 and 384, p < 0.001). 

The incidence of abnormal labor pattern (and/or sec- 
ond-stage delay) was higher in group A than in groups 
B and C (x? = 29.1, df = 2, p< 0.001). Similarly the 
incidence of operative delivery was greater in group A 
than in groups B and C (x? = 31.8, df = 2, p < 0.001). 
The corresponding rates of operative delivery for ac- 
tive-phase dystocia or second-stage delay in groups A, 
B, and C differ significantly (x? = 44.0, df = 2, p< 
0.001). 
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Table I. Association of symphysis-fundus height with labor pattern and mode of delivery in 
402 primigravid women in groups A, B, C, and D 






Labor pattern* 


Normal 23 33 
Active-phase dystocia 27 39 
Second-stage delay 28 40 
Mode of delivery 
Spontaneous 20 29 
Forceps 30 43 
Cesarean section 20 29 
Operative deliveries N = 50 
Indication for delivery 
Fetal distress 4 8 
Active-phase dystocia/second- 42 84 
stage delay 
Elective forceps 4 8 









Group B Group C 
(n = 195) (n = 122) 
ndjeja] 

124 64 87 71 12 80 
52 27 28 23 ] 7 
42 Ze 16 13 2 13 

117 60 85 70 8 53 
57 29 28 23 5 33 
21 1] 9 7 2 13 

N = 78 N = 37 N=7 
15 19 14 38 4 57 
58 74 22 58 3 43 
5 6 ] 3 0 — 





*Some patients had both active-phase dystocia and second-stage delay. 


Table II. Mean gestational age and mean birth weight according to group in primigravid and 


multigravid women 


ep [Sieh re rp 


Primigravid women (n = 402) 


No. of measurements 70 
Gestational-age (wk) 
Mean 40.6 
SD 1.3 
Birthweight (gm) 
Mean 3770 
SD 430 
Multigravid women (n = 518) 
No. of measurements 76 
Gestational age (wk) 
Mean 39.9 
SD 1.3 
Birth weight (gm) 
Mean 3920 
SD 550 


The proportion of operative deliveries for which the 
indication was fetal distress rather than poor progress 
increased progressively from group A mothers with 
larger infants (8%), through group B (19%), to group 
C mothers with smaller infants (38%) (x? = 11.03, 
df = 2, p < 0.01). 

The influence of epidural analgesia was assessed 
(Table III). Epidural rates were similar in group A 
(30%), group B (27%), and group C (25%). In the 103 
primigravid women with epidural analgesia, the ex- 
pected increased incidence of second-stage delay and 
forceps delivery was observed. The increase in inci- 
dence was similar in extent regardless of group. How- 
ever, in the 284 primigravid women not receiving epi- 
dural analgesia, there was a significantly higher inci- 
dence in group A of second-stage delay (x? = 22.52, 
df = 1, p< 0.001) and forceps delivery (x? = 10.40, 


ll 


195 122 15 
40.1 40.2 40.0 
L5 1.2 1.6 
3410 3170 2730 
390 400 440 
253 177 12 
40.1 40.0 40.4 
1.3 1.3 1.2 
3520 3280 2753 
360 380 406 


df = 1, p < 0.01) than in group B. Group C was similar 
to group B. 

The relationship between maternal height and op- 
erative delivery for active-phase dystocia or second- 
stage delay was examined (Table IV). The rate of op- 
erative delivery for dystocia in the short group was 42%, 
in the intermediate group 30%, and in the tall group 
34% (short vs. intermediate: x? = 4.00, df = 1, p< 
0.05). The high rate of operative delivery for active- 
phase dystocia or second-stage delay in group A pri- 
migravid women applied regardless of maternal height. 
Group B women, with average-sized infants, had a 
moderate risk if they were short or intermediate in 
stature and a low risk if tall. Group C women, with 
smaller babies, had a moderate risk if short and a low 
risk if intermediate or tall. 

Multigravid patients (Table V). There were 76 mea- 
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Table III. Effect of continuous epidural analgesia on incidence of second-stage delay and forceps delivery 
according to symphysis-fundus group, in 387 primigravid women in groups A, B, and C 


Epidural analgesia {n = 103) 


No epidural analgesia (n = 284) 


Group A Group B a C 
` (n = 49) (n = 143) = 92) 
FAKAESENE 


20 9 10 
21 43 38 30 15 16 


Second-stage delay 
Forceps delivery 





Table IV. Association of maternal height and symphysis-fundus height with rate of operative delivery for 
dystocia in 402 primigravid women 


Maternal height 


<156 cm (n = 85) 156-168 cm =A = 243) 


>168 cm (n =74) 


Symphysis-fundus 
A 12/18 67 = 55 18/23 78 
B 16/39 41 43/122 35 4/34 12 
C 8/26 30 12/79 15 3/17 18 
D 0/2 3/13 — 


*Number of operative deliveries/total number of deliveries. 


Table V. Association of symphysis-fundus height with labor pattern and mode of delivery in 
518 multigravid women in groups A, B, C, and D 





Labor pattern* | 
Normal 63 83 240 95 165 93 12 


Abnormal 13 17 13 5 12 7 0 
Active phase dystocia 1] 9 7 
Second-stage delay 6 9 5 

Mode of delivery 

Spontaneous 63 83 232 92 168 95 li 

Operative 13 17 21 8 9 5 
Forceps 9 13 6 l 
Gesarean section 4 8 3 0 


*Some patients had both active-phase dystocia and second-stage delay. 


surements in zone A, 253 in zone B, 177 in zone C, 
and 12 in zone D. As with primigravid patients, ges- 
tational age at delivery in ail groups was similar and 
mean birth weight decreased significantly from 3920 
gm in group A to 3520 gm in group B and to 3280 gm 
in group C (F = 65.5; df = 2 and 503; p < 0.001) 
(Table II). 

The well-known relative immunity of multigravid 
women to dystocia is illustrated (Table V). The pattern 
that emerged was similar to that found in primigravid 
women. Group A patients had a higher combined in- 
cidence of active-phase dystocia and second-stage delay 
(17%) than those in group B (5%) (x? = 11.50, df = 1, 


p < 0.001). The incidence in group C (7%) resembled 
that of group B. Group A patients also had a higher 
incidence of operative delivery (17%) than women in 
group B (8%) (x? = 4.89, df = 1, p < 0.05). The in- 
cidence in group C (5%) resembled that in group B. 


Comment 


Symphysis-fundus height measurement is a simple 
and readily communicable means of assessing fetal 
growth.’ Our findings suggest that the symphysis-fun- 
dus height may also be of prognostic value with regard 
to pattern of labor and mode of delivery. 

This study serves to quantify common sense. Group 
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A mothers (with larger infants) had a higher rate of 
abnormal labor and operative delivery than those 
mothers with smaller infants. This is consistent with 
Friedman’s findings that increased fetal size is associ- 
ated with a prolonged active phase and a progressive 
slowing in the maximum slopes of dilatation and 
descent.’ 

However, the extent of these problems among group 
A mothers was unexpected. The difference between 
group A mothers and mothers in groups B and C was 
gross for group A primigravid women and still consid- 
erable for group A multigravid women. It was even 
more pronounced when the confounding influence of 
epidural analgesia was removed. Thus group A pri- 
migravid women constitute a high-risk population, 
which requires delivery in a specialist obstetric unit. 

Macrosomic infants have a high neonatal morbid- 
ity from delivery-associated complications. These in- 
clude shoulder dystocia, meconium aspiration, birth 
asphyxia, and brachial plexus injury," as well as the 
morbidity related to a higher incidence of midcavity 
forceps. In our study 13 of 14 infants with birth 
weights >4500 gm were born to group A mothers. The 
alerting of the obstetrician to an increased risk of mac- 
rosomia before onset of labor could reduce high mor- 
bidity by earlier recourse to cesarean section. 

Variable and late decelerations are of more serious 
import in growth-retarded fetuses,'' who are at in- 
creased risk of intrapartum acidosis and asphyxia.” 
This study confirms that there is a progressive increase 
in the proportion of operative deliveries performed 
because of fetal distress, with decreasing size of the 
fetus. Antenatal fetal weight assessment by symphysis- 
fundus height recordings may alert the obstetrician to 
a higher probability of intrapartum fetal distress. 

Obstructed labor remains commonplace in devel- 
oping countries. Poor childhood nutrition may have led 
to poor maternal pelvic growth, but more recent so- 
cioeconomic improvement resulted in optimal fetal 
growth.” This considerable prevalence of cephalopel- 
vic disproportion constitutes a major problem in as- 
sociation with a high domiciliary birth rate, in scattered 
communities, distant from specialist facilities. 

There have been few antenatal screening procedures 
that predict for active-phase dystocia and second-stage 
delay. Both maternal height measurement’ '* and sym- 
physis-fundus height measurement’ are simple, repro- 
ducible, inexpensive screening tests associated with lit- 
tle loss of accuracy when performed by inexperienced 
attendents. However, although the mean height of 
women with major cephalopelvic disproportion was less 
than those without the disporportion, there was a wide 
range, and the individual patient’s height could not be 
used as a predictive factor.’ 

In this study, women were grouped according to ma- 
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physis-fundus height (as an indication of fetal size). It 
is important to note that the pregnancies at highest risk 
of dystocia were those involving larger infants (group 
A mothers), regardless of maternal height. Only when 
the infants were of average size (groups B and C) does 
tallness confer an advantage. Used alone, symphysis- 
fundus height measurement appeared to be a better 
discriminator than maternal height measurement with 
regard to the risk of dystocia. Used together, further 
information may be obtained on the relative risks of 
average-sized infants. The use of locally derived sym- 


` physis-fundus height nomograms could identify a high- 


risk primigravid population for early referral and re- 
sult in an improved outlook for pregnant women with 
large babies. 
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Preterm labor: Stimulation of arachidonic acid metabolism in 
human amnion cells by bacterial products 


Phillip R. Bennett, B.Sc., M.B., B.S., Mathew P. Rose, Ph.D., Leslie Myatt, Ph.D., and 


Murdoch G. Elder, M.D. 
London, England 


There is a strong associatior. between preterm labor and infection. Some potentially pathogenic bacteria 
have phospholipase activity, and it has been suggested that release of phospholipase from these 
organisms may increase prostaglandin E, synthesis in amnion cells and hence initiate preterm labor. In 
this study we established monolayer amnion cell cultures from tissue collected at'elective cesarean section 
at term before labor. Cells were prelabeled with tritiated arachidonic acid and then further incubated after 
addition of 2%, 5%, or 10% (vol/vol) filtered medium in which either group B B-hemolytic streptococcus, 
Streptococcus viridans, Escherichia coli, Bacteroides fragilis, or Lactobacillus had been growing. Tritiated 
arachidonic acid and its metabolites released by the amnion cells in these or contro! incubates were 
extracted from culture medium and separated by high-performance liquid chromatography. Addition of 
conditioned medium from each of the organisms with the exception of Lactobacillus caused an increase in 
overall arachidonic acid metabolism. There was an increase in the ratio of cyclooxygenase to lipoxgenase 
metabolism and in prostaglandin E, production in particular when compared to controls. The profile of 
arachidonic acid metabolism in amnion cells following addition of filtered bacterial medium resembled that 
obtained from amnion cells cultured following spontaneous labor. We suggest that abnormal bacterial 
colonization of the genital tract may lead to an increase in arachidonic acid metabolism in amnion ceils 
with an increase in prostaglandin E, production and the consequent initiation of preterm labor. (Am J 


OssTeT GYNECOL 1987;156:649-55.) 


Key words: Amnion, bacteria, preterm labor, prostaglandins 


There is an association between preterm labor and 
infection. Several authors have reported a relationship 
between preterm rupture of membranes and maternal 
infection (reviewed in reference 1). Others have re- 
ported an association between preterm labor and in- 
fection with intact membranes and without signs or 
symptoms of infection.? 

The commonest organism in the vagina is the Lac- 
tobacillus, but Goplerud et al.* have shown that patho- 
gens such as Escherichia colt, Streptococcus, and Bacteroides 
can be isolated in small numbers from a high propor- 
tion of pregnant women. The general trend is for the 
numbers of these organisms to decrease as pregnancy 
progresses, with a resurgence during the puerperium. 

Labor is associated with increased synthesis of pros- 
taglandins by the fetal membranes, particularly the am- 
nion." These contain large amounts of arachidonic acid 
esterified in phospholipid pools which can be metab- 
olized into various compounds including prostaglan- 
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dins of the 2 series. Curbelo et al.2 have measured the 
concentration of arachidonic acid in amnion and cho- 
rion at various stages of pregnancy and have found a 
concentration several times higher in amnion than in 
chorion, suggesting an imporiant role for amnion in 
the initiation of labor. Several duthors have suggested 
that term labor may be initiated by the activation of 
phospholipase enzymes that hydrolyze the esterified 
arachidonic acid, producing an increase in its free form 
and a consequent increase in prostaglandin synthe- 
sis.” Bejar ‘et al. have shown that many patho- 
genic organisms may release a phospholipase enzyme, 
thereby activating arachidonic acid metabolism in the 
fetal membranes and initiating the biochemical pro- 
cesses of labor. 

The principal cyclooxygenase metabolite of arachi- 
donic acid in the amnion following labor is prestaglan- 
din E.. However, metabolism via lipoxygenase enzymes 
produces hydroxy—fatty acids. '° The role, if any, of 
these compounds in the physiology of human preg- 
nancy has yet to be established. 

In a pilot study Lamont et al." have demonstrated 
that conditioned medium prepared from certain po- 
tentially pathogenic organisms increased the release of 
prostaglandin E,, as measured by radioimmunoassay, 
from amnion cells in monolayer culture. We have 
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Table I. Retention data for arachidonic acid metabolites on reverse-phase high-performance 


liquid chromatography 


z 
pa M) 
as 


Compound 


6-Keto-prostaglandin Fa 
6-Keto-prostaglandin E, 

Thromboxane By 

Prostaglandin F,, 

Prostaglandin E, 

Prostaglandin D, 
13,14-Dihydro-15-keto-prostaglandin F,, 
13,14-Dihydro-15-keto-prostaglandin E, 
Prostaglandin A, 

Prostaglandin .B, 

Leukotrierie B, 
5-Hydroxyeicosatetraenoic acid (two peaks) 


8-Hydroxyeicosatetraenoic acid 
9-Hydroxyeicosatetraenoic acid, 

1 1-Hydroxyeicosatetraenoic acid 
12-Hydroxyeicosatetraenoic acid (two peaks) 


15-Hydroxyeicosatetraenoic acid 
Arachidonic acid 


Retention time Peak width 
. (min) l (min) 
8.0 7.0-9.0 
9.5 Not determined 
11.0 10.5-12.0 
13.0 12.5-14.5 
16.5 15.5-18 
19.0 Not determined 
22.0 Not determined 
27.0 26.0-28.5 
29.0 Not determined 
31.5 Not determined 
34.0 34.0-35.0 
35.5 34.5-36.5 
43.0 42 .0-44.0 
42.5 41.5-43.0 
44.0 43.0-45.0 
42.5 43.0-44.0 
35.5 35.0-36.0 
42.5 41.5-43.0 
42.0 41.5-43.0 
58.0 57. 5-58. 5 


Authentic tritiated or carbon—labeled standards were fractionated on a Waters faity acid analysis column with use of a stepwise 
gradient of 30%, 50%, and 100% acetonitrile in 40 mmol/L of triethylamine formate (pH 3.15) at a flow rate of 1 ml/min for 25, 
25, and 8 minutes, respectively. Retention times at maximum peak height and the peak widths are given. 


sought to investigate the effect of these organisms on 


the full range of arachidonic acid metabolism by the 


amnion and to demonstrate dose-related changes in 
both cyclooxygenase and lipoxygenase products. 


Material and methods 


Bacteria were grown in suitable culture medium for 
24 hours and then removed by filtration. Amnion cells 
in monolayer cultúre were incubated with tritiated ar- 
achidonic acid to allow incorporation into esterified 
pools, and the bacterial filtrate was added to them in 
various concentrations. Metabolites of tritiated arachi- 
donic acid released by the amnion cells were separated 
by high-performance liquid chromatography and com- 
parison made with metabolism in contro] cultures. 

Bacterial preparations. Stock isolates of E. cok, 
Lancefield group B hemolytic streptococcus, S. viridans, 
B. fragilis and Lactobacillus were inoculated into 50 ml 
of suitable culture medium (Oxoid No. 2 broth or Difco 
Thiol liquid broth 1723/37). These isolates were in- 
cubated for 24 hours at 37° C, resulting in 10° organ- 
isms per milliliter of medium, and the organisms were 
separated by centrifugation and filtration. The condi- 
tioned medium was then stored in aliquots at —20° C 
until required. 

Amnion cell cultures. Complete placentas and mem- 
branes were obtained from women having elective ce- 
sarean sections at term, who had not been in labor and 
who had had uhcomplicated pregnancies, or after 
spontaneous labor at either term or at 30 weeks. The 


membranes were cut from the placental edge and the 
amnion was carefully peeled from the chorion by hand. 
The amnion, bathed in phosphate-buffered saline so- 
lution (PBS), was cut into strips 1 by 5 cm and washed 
twice in PBS. The strips were incubated at 20° C for 
15 minutes in 0.5 mmol/L ethylenediaminetetraacetate 
in PBS, washed twice in PBS, and then incubated in a 
solution of Dispase grade II (2.5 gm/L in PBS; Boeh- 
ringer) at 37° C for 45 minutes. The strips were care- 
fully removed into 100 ml of tissue culture medium 
199 (Gibco) with 10% horse serum, and the epithelial 
cells were liberated by vigorously shaking the container 
for 3 minutes. The amnion strips were then removed, 
an aliquot of 0.3 ml of the cell suspension was added 
to 0.1 ml of trypan blue, and the number of viable cells 
excluding the dye were counted in a hemocytometer 
cel]. The cell concentration was then adjusted so that 
10° cells were added to each well of a multiwell tissue 
plate (Flow Laboratories 76-053-05) in 2 ml of medium. 
This number of cells leads to a confluent homogenous 
cellular monolayer within 24 hours. The cells were then 
incubated at 37° C in an atmosphere of 5% carbon 
dioxide in air. 

After 24 hours the culture medium was removed 
togethér with any nonadherent cells. Tritiated arachi- 
donic acid (155 Ci/mmol; Amersham International) 
was added to fresh culture medium to an activity of 0.2 
wCi/ml and 2 ml of this added to each culture well. 
After incubation for a further 24 hours (during which 
some metabolism of tritiated arachidonic acid takes 
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Fig. 1. Representative high-performance liquid chromatog- 
raphy profiles of tritiated arachidonic acid metabolites re- 
leased by prelabeled amnion cells in tissue culture. Cells were 
obtained after spontaneous labor at term (la), spontaneous 
labor at 30 weeks (Ib), and elective cesarean section at term 
before labor (1c). HETE = Hydroxyeicosatetraenoic acid. 


place, but most is retained within the cells, esterified 
within phospholipid pools"), this medium was removed 
and added to scintillation fuid (Unisolve 1, Koch-Light 
Ltd.), and radioactivity was counted to allow calculation 
of arachidonic acid uptake by the cells. The cells were 
washed twice with PBS, and 2 ml of fresh culture me- 
dium with 10% horse serum without tritiated arachi- 
donic acid but containing 2%, 5%, and 10% (vol/vol) 
bacterial filtrate was added to duplicate wells. Similar 
preparations containing 10% unused sterile bacterial 
culture medium were used as controls. Any change in 
pH of the culture fluid was adjusted for by titration 
with 7.5% sodium bicarbonate before use. After a fur- 
ther 24 hours incubation during which tritiated ara- 
chidonic acid may have been released from esterified 
pools and metabolized, the medium was removed and 
that from duplicate wells was pooled and stored at 
— 20° C until analysis. Each well was stained with trypan 
blue to confirm viability of the cells. 

Analysis by high-performance liquid chromatog- 
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Fig. 2. Representative high-performance liquid chromatog- 
raphy profiles of tritiated arachidonic acid metabolites re- 
leased by prelabeled amnion cells in tissue culture. Cells were 
obtained after elective cesarean section at term before labor. 
After labeling, cells were incubated with 10% (first panel), 5% 
(second panel), 2% (third panel), and 0% (fourth panel) group B 
streptococcus conditioned medium. 


raphy. Each 4 ml sample of medium was acidified to a 
pH of 3.15 with formic acid and passed through a pre- 
pared C,, SepPak (Waters Associates), and the tritiated 
arachidonic acid metabolites were eluted into 5 ml of 
methyl formate. The solvent was evaporated with oxy- 
gen-free nitogen and the residue redissolved in 1 ml 
of 30% (vol/vol) acetonitrile in 40 mmol/L of triethyl- 
amine formate (pH 3.15). The fatty acids were then 
separated according to polarity with use of a high-pres- 
sure liquid chromatography system based on a reverse- 
phase fatty acid analysis column (Waters Associates). 
The initial solvent mixture was 30% acetonitrile in 40 
mmol/L triethylamine formate for 25 minutes, increas- 
ing to 50% and 100% acetonitrile after 25 and 52 min- 
utes, respectively. The solvent flow was 1 ml/min, and 
0.5 minute fractions were collected for a total of 60 
minutes. Each fraction was dissolved in 4 ml of scintil- 
lation fluid and the radioactivity counted in an Inter- 
technique SL3000 liquid scintillation counter. 

We have previously reported the elution times for 
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Fig. 3. Total tritiated arachidonic acid metabolism from pre- 
labeled amnion cells cultured after elective cesarean section 
at term before labor when incubated with various concentra- 
tions of conditioned medium prepared from each organism. 
Mean values +SD are shown for three separate experi- 
ments. Significant differences from control: * = p < 0.05, 
** = p< 0.0] (analysis of variance). 


various arachidonic acid metabolites in this system’ 
(Table 1). The radioactivity present in each metabolite 
peak in the high-performance liquid chromatography 
profiles was calculated by summation. Each experiment 
was repeated three times, and the significance of me- 
tabolite production on addition of conditioned medium 
was compared with controls for each organism with use 
of analysis of variance. 


Results 


The uptake of tritiated arachidonic acid by am- 
nion cells during 24 hours of culture was 77% + 3.5 
(mean + SD) and was not significantly different be- 
tween wells from a single tissue sample or between dif- 
ferent samples of amnion whether cells were collected 
at elective cesarean section or after labor. At the end 
of each experiment more than 97% of the cells re- 
mained viable. Metabolism of tritiated arachidonic acid 
was not significantly different in those cells cultured 
with 10% unused sterile bacterial culture medium when 
compared with those cultured in tissue culture medium 
199 with 10% horse serum without bacterial culture 
medium. 

We have demonstrated release of compounds that 
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Fig. 4. Prostaglandin E, metabolism from tritiated arachidonic 
acid in prelabeled amnion cells cultured after elective cesarean 
section at term before labor when incubated with various con- 
centrations of conditioned medium prepared from each or- 
ganism. Mean values +SD are shown for three separate ex- 
periments. Significant differences from contro]: * = p < 0.05, 
** = p < 0.01 (analysis of variance). 


cochromatograph. with prostaglandin E,, its metabolite 
13,14-dihydro-15-keto-prostaglandin E,, leukotriene 
Ba 5-hydroxyeicosatetraenoic acid, and 12-hydroxyei- 
cosatetraenoic acid. The compound that elutes at 46 
minutes has not been identified, although on the basis 
of its relative lack of polarity and its acid stability, it 
may be a fatty acid epoxide produced by cytochrome 
Pz enzymes as has been described by Chacos et al." 
The high-performance liquid chromatography pro- 
file of metabolites arising from the endogenously in- 
corporated tritiated arachidonic acid from amnion cells 
cultured after spontaneous labor at term (Fig. 1, a) 
was compared with the profiles from amnion cells 
obtained following spontaneous labor at 30 weeks 
(Fig. 1, b) or following cesarean section at term before 
labor (Fig. 1, ¢). There was an apparent increase in 
total metabolism of tritiated arachidonic acid after la- 
bor, with increased release of prostaglandin E, (reten- 
tion time, or t, = 16 minutes), dihydroxy—fatty acids 
(dihydroxyeicosatetraencic acid) co-chromatographing 
with leukotriene B, (t, = 34 minutes) and monohy- 
droxy—fatty acids (monohydroxyeicosatetraenoic acids, 
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Fig. 5. Dihydroxyeicosatetraenoic and monohydroxyeicosa- 
tetraenoic acid metabolism from tritiated arachidonic acid in 
prelabeled amnion cells cultured after elective cesarean section 
at term before labor when incubated with various concentra- 
tions of conditioned medium prepared from each organism. 
Mean values +SD are shown for three separate experiments. 
Significant differences from control: * = p < 0.05, ** = p< 
0.01 (analysis of variance). 


t, = 35 and 43 minutes). After either term or preterm 
labor there was a change in the proportion of tritiated 
arachidonic acid metabolism from lipoxygenase to cy- 
clooxygenase products and therefore a relative increase 
in prostaglandin F, synthesis (Fig. 1, b and c). These 
changes appear to be related to the parturition process 
rather than the length of the pregnancy, since amnion 
obtained after labor at 30 weeks also had a considerable 
ability to synthesize prostaglandin Eo. 
High-performance liquid chromatography profiles 
from a single experiment in which amnion cells ob- 
tained after elective cesarean section and prelabeled 
with tritiated arachidonic acid were incubated with in- 
creasing concentrations of group B streptococcus—con- 
ditioned medium are shown in Fig. 2. Summation of 
radioactivity within the peaks on the high-performance 
liquid chromatography profiles revealed an increase in 
total tritiated arachidonic acid metabolism with an ap- 
parent dose-related increase in prostaglandin E, pro- 
duction on the addition of increasing amounts of 
conditioned medium. Addition of 5% and 10% (vol/ 
vol) conditioned medium prepared from all of the 
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Fig. 6. Ratio of cyclooxygenase (prostaglandin E,) to lipoxy- 
genase (dihydroxyeicosatetraenoic acid and monohydroxyei- 
cosatetraenoic acid) metabolism from tritiated arachidonic 
acid in prelabeled amnion cells cultured after elective ceserean 
section at term before labor when incubated with various con- 
centrations of conditioned medium prepared from each or- 
ganism. Mean values +SD are shown for three separate ex- 
periments. Significant differences from control: * = p < 0.05, 
** = p < 0.01 (analysis of variance). 


organisms tested except that prepared from Lectobacil- 
lus caused a significant increase in total tritiated ara- 
chidonic acid metabolism from endogenous sources 
(Fig. 3). The four active organisms had similar con- 
centration response curves. There was an increase in 
metabolism via both cyclooxygenase (Fig. 4) and lip- 
oxygenase (Fig. 5) pathways to prostaglandin E, and 
hydroxyeicosatetraenoic acids, respectively. However, 
the increase in cyclooxygenase metabolism was greater 
than the increase in lipoxygenase metabolism and the 
cyclooxygenase/lipoxygenase product ratio increased 
with addition of conditioned medium from the four 
active organisms (Fig. 6). Production of the prosta- 
glandin E, metabolite, 13,14-dihydro-15-keto-prosta- 
glandin E, (t, = 27 minutes) was not increased despite 
an increase in release of prostaglandin E, itself. In- 
creasing the concentration of conditioned medium to 
20% caused no further increase in tritiated arachidonic 
acid metabolism but reduced the viability of the cells 
at the end of the experiment. 
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Comment 


In this in vitro study we have used amnion cells pre- 
labeled with tritiated arachidonic acid to replicate the 
in vivo source of arachidonic acid in esterified pools. 
Myatt et al.° have demonstrated that incubation with 
exogenous arachidonic acid causes release of prosta- 
glandin E, whether the cells have been obtained before 
or after labor. 

We have attempted to examine the full range of ar- 
achidonic acid metabolism in human amnion cells and 
have demonstrated metabolism by both cyclooxygenase 
and lipoxygenase enzymes. Our finding that the only 
prostaglandins produced by amnion cells are prosta- 
glandin E, and its metabolite 13,14-dihydro-15-keto- 
prostaglandin E, agrees with the findings of Kinoshita 
and Green, who were unable to demonstrate produc- 
tion of significant quantities of prostaglandin Fpa, pros- 
taglandin I,, or 6-keto prostaglandin F,, from homog- 
enized amnion. We cannot exclude metabolism of pros- 
taglandin E; to 13,14-dihydro-15-keto-prostaglandin E, 
by enzymes introduced by the horse serum. Production 
of 5-hydroxyeicosatetraenoic acid and 12-hydroxyei- 
cosatetraenoic acid has been demonstrated by Kinoshita 
and Green” and Myatt et al.,° both of whom have con- 
firmed their chromatographic evidence by gas chro- 
matography and mass spectrometry. 

There is an increase in arachidonic acid metabolism 
associated with both preterm and term labor with a 
change in the ratio of cyclooxygenase to lipoxygenase 
metabolism and a large increase in the production and 
release of prostaglandin E,.'* Similar findings have pre- 
viously been reported in rabbits.” It has been suggested 
that, at term, this may be due to an increase in phos- 
pholipase enzyme activity. Prostaglandin E, probably 
has a major role in the initiation of labor. 

We have shown that potentially pathogenic organ- 
isms appear to cause an increase in arachidonic acid 
metabolism in amnion cells with an increase in pros- 
taglandin E, release and a change in the ratio of cy- 
clooxygenase to lipoxygenase metabolism, whereas Lac- 
tobacillus, which forms the normal flora of the vagina, 
does not. This effect is dose related, and the dose re- 
sponse curves for each organism are similar, which sug- 
gests a common mechanism. It is possible that these 
organisms exert this effect by release of phospholipase, 
since there is an increase in both cyclooxygenase and 
lipoxygenase metabolism. It is unlikely that these or- 
ganisms release the cyclooxygenase enzyme, since Gul- 
bis et al? have demonstrated that they do not syn- 
thesize prostaglandin E, themselves. We have shown 
(unpublished work) that these organisms are unable to 
metabolize either cyclooxygenase or lipoxygenase 
products from exogenous tritiated arachidonic acid. 
The shift from predominately lipoxygenase to cycloox- 
vgenase metabolism mav be a conseauence of the bio- 
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chemistry of the amnion cell, since similar changes are 
seen in association with normal labor. However, it is 
possible that bacteria release other substances that have 
been shown to stimulate arachidonic acid metabolism 
in amnion. The lack of increase in prostaglandin E, 
metabolite release despite increase in prostaglandin E, 
release is in keeping with the evidence that amnion is 
a minor site of further metabolism of prostaglandins 
in comparison with chorion and decidua, which contain 
larger amounts of prostaglandin dehydrogenase.‘ 

This study strongly suggests a role for certain bac- 
teria in the etiology of preterm labor in the presence 
of intact membranes. It explains the onset of labor in 
the presence of overt chorioamnionitis and may also 
explain the rapid onset of labor before or at term fol- 
lowing premature rupture of fetal membranes with 
consequent bacterial colonization. Further work is 
needed to identify the bacterial agents responsible, and 
the role of the lipoxygenase products needs to be de- 
lineated. It should be possible, with use of a system 
similar to that described here, to demonstrate the effect 
of bacteria on the catabolism of prostaglandins in cho- 
rion and decidua. Such work would increase our un- 
derstanding of the etiology of both preterm and term 
labor. 


We are grateful to Glaxo Ltd. for providing a peri- 
natal research fellowship for Dr. P. R. Bennett and to 
David Adams, Department of Bacteriology, Hammer- 
smith Hospital, for providing bacterial isolates. 
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Umbilical artery Doppler blood flow studies in the preterm, 


small for gestational age fetus 


Lesley M. McCowan, M.B., Lawrence A. Erskine, M.B., and Knox Ritchie, M.D. 


Toronto, Ontario, Canada 


Umbilical artery Doppler studies were performed on the day of delivery in 15 singleton preterm 
pregnancies. In each case the fetus was significantly growth retarded on ultrasound examination and the 
attending obstetrician had made a decision to deliver the patient of the infant. Eight women had severe 


preeclampsia, three had mild chronic hypertension, and in four there was no recognized maternal disorder. 
Doppler studies were analyzed by use of the pulsatility index and the A/B ratio. In 14 of the 15 cases both 
were markedly abnormal. Three early neonatal deaths occurred. A positive correlation was found between 


the degree of abnormality of the pulsatility index and A/B ratio and a poor neonatal outcome (p < 0.001 
and p < 0.02). Umbilical artery Doppler studies were not helpful in differentiating between intrinsic and 
extrinsic causes of growth retardation but seemed to identify the pregnancy at increased risk of a poor 


neonatal outcome. (Am J Opstet GYNECOL 1987;156:655-9.) 


Key words: Doppler, umbilical artery, flow velocity waveforms, intrauterine growth 


retardation 


Severe intrauterine growth retardation (IUGR) rec- 
ognized in the second or early third trimester is un- 
common and can be of extrinsic or intrinsic origin. In 
the former case it is most often associated with severe 
preeclampsia.’ In the absence of maternal disease, an 
intrinsic etiology such as fetal infection or chromosome 
abnormality may be suspected. In as many as one third 
of pregnancies complicated by IUGR no predisposing 
cause can be identified.” Although the diagnosis of 
IUGR by ultrasound has become increasingly sensitive 
it is not generally useful in discerning the cause of 
growth failure.® 

In early onset IUGR it can be difficult to assess fetal 
well-being by means of the nonstress test because the 
fetus is immature and the mother may be receiving 
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medications that reduce fetal heart rate variability.’ 
Furthermore, the growth-retarded fetus may have re- 
duced heart rate variability even in the absence of ac- 
idosis.° It can therefore be difficult to time intervention. 

The application of Doppler ultrasound to the study 
of fetal umbilical arterial blood flow velocity is a rela- 
tively new technique first described by Fitzgerald and 
Drumm‘ in 1977. Previous studies demonstrated that 
the end-diastolic velocity in other arterial beds is in- 
versely related to peripheral resistance.’ In normal 
pregnancy the umbilical circulation has low resistance 
and there is forward flow velocity throughout the car- 
diac cycle. As gestation advances end-diastolic velocity 
increases progressively, indicating a gradual fall in re- 
sistance in the umbilical-placental circulation.® 

Previous studies have shown that substantially re- 
duced or absent end-diastolic flow velocity in the se- 
verely growth-retarded fetus is associated with a risk of 
intrauterine death? or 5-minute Apgar score of <6.° 
The degree of flow velocity waveform abnormality, 
however, was not found to be related to outcome. In 
neither of these studies were observations made within 
24 hours of delivery. 
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Fig. 1. Schematic representation of a flow velocity waveform 
showing methods of calculation of pulsatility index and A/B 
ratio. 


The principal aims of this study were to determine 
whether the umbilical arterial flow velocity waveform 
in fetuses with early onset of IUGR could be related to 
fetal condition at birth and to determine whether this 
waveform was useful in differentiating between intrin- 
sic and extrinsic causes of growth retardation. 


Patients and methods 


Umbilical artery Doppler flow velocity studies were 
performed in 15 preterm patients with severe IUGR 
suggested by ultrasound examination and confirmed 
at birth. In all cases examinations were performed on 
the day of delivery. None of the Doppler study results 
were made known to the attending physician and did 
not influence patient management. 

Patients. The mean age of patients studied was 28 
years (range 21 to 39). Nine patients were nulliparous. 
Eight patients were diagnosed as having preeclampsia 
and three as having mild chronic hypertension. In four 
instances there was no identifiable maternal abnor- 
mality. 

Methods. Examinations were performed with a port- 
able continuous wave instrument (Bach-Simpson, Lon- 
don, Ontario, Canada) with a 4 MHz probe (power 
output at the transducer surface 80 mW/cm’). Most 
examinations were performed at the bedside with the 
patient in a semirecumbent position, and when the 
characteristic auditory signal of the umbilical artery was 
obtained it was recorded by a tape recorder (Sony 
Professional Walkman). These data were played back 
through a spectral analyzer (Advanced Technology 
Laboratories, Bothell, Washington) and a hard-copy 
printout was made to include at least 10 waveforms for 
subsequent secondary analysis. 

Evidence from peripheral vascular studies suggests 
that end-diastolic velocity reflects peripheral resistance 
and several different indices have been used to express 
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Fig. 2. Birth weight distribution of the neonates. Normal range 
(mean + 2 SD) is shown. 


changes in resistance. Methods used to analyze umbil- 
ical artery time velocity waveforms have been described 
in detail.* The most useful appears to be the pulsatility 
index because it can quantify results adequately when 
diastolic Row velocity is absent or reversed. The A/B 
ratio is also useful and simple to calculate but has the 
disadvantage of becoming infinity when flow velocities 
are absent or negative when they are reversed. Both 
ratios were computed in the present study; the method 
of calculating them is shown in Fig. 1. Ten consecutive 
waveforms were analyzed and the mean result was com- 
pared with our previously established normal range.® 
In an attempt to identify the fetus that might be at 
increased risk of a poor outcome, an arbitrary pulsa- 
tility index value of 2 was chosen. All values above this 
level had absent or reversed end-diastolic flow velocity. 
Outcomes were compared in infants with pulsatility in- 
dex values above and below 2. 

To perform a similar analysis for the A/B ratio, a 
value of > 100 was chosen because this included all cases 
with absent end-diastolic flow velocity. One case with 
reversed end-diastolic flow velocity was also included 
in this group. 

All of the patients had reliable menstrual dates and 
had an ultrasound examination in the first or second 
trimester. 

Usher and McLean’ charts were used to classify the 
birth weight of the infants studied. Growth retardation 
was diagnosed when birth weight was 2 SD below the 
mean. 

The results were subjected to statistical analysis that 
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Table I. Maternal and neonatal characteristics of the patients studied © 












End-diastolic 
velocity 


Concurrent maternal 
disorder 


Pulsatility | Umbilical 


index Outcome 






I} Severe preeclampsia, 1330 — Normal 1,10 7.01 Well 
ruptured liver 
2 Severe preeclampsia 32 26 570 Absent 2.40 7.17 Early neonatal death 
3 Severe preeclampsia 29 28 860 Reduced 1.47 7.34 Well 
4 Severe preeclampsia 26 26 770 Absent 1.84 7.33 Well 
5 Severe preeclampsia 32 29 910 Reduced 1.88 7.35 Alive, dilated ventricles 
6 Severe preeclampsia 30 32 1240 Absent 2.43 t-22 Well 
7 Severe preeclampsia 26 32 1120 Reduced E 7.2) Well 
8 Severe preeclampsia 28 3] 1140 Reduced 1.40 7.32 Well 
9 None 36 31 820 Reduced 1.46 T29 Well 
10 Mild hypertension 38 31 790 = Absent 2.00 7.30 Early neonatal death 
11 Mild hypertension 2l 34 1190 Reduced 1.80 7.29 Well 
12 None 25 29 580 Absent 2.78 £23 Possible congential 
viral infection 
13 + =None 39 35 1510 = Absent 1.93 7.28 Well 
14 Mild hypertension 30 28 850 Reversed 8.10 T.22 Early neonatal death 
15 None 32 31 1040 = Absent 3.16 7.30 Trisomy 21 


included the calculation of correlation between vari- 
ables and the Mann-Whitney one-tailed nonparametric 
test. 


Results 


Thirteen patients were delivered electively by cesar- 
ean section. On two occasions this was done for ma- 
ternal indications (worsening preeclampsia) and the re- 
maining 11 for presumed serious fetal compromise. 

The mean birth weight at delivery was 981 gm (range 
570 to 1510 gm) and the mean gestational age 30.7 
weeks (range 26 to 35 weeks). There were three early 
neonatal deaths, In all cases birth weight was at least 2 
SD below the mean (Fig. 2). Further details of the neo- 
nates including Apgar scores, umbilical artery pH, and 
the need for intubation at birth and the antepartum 
pulsatility index values are shown in Table I. Outcome 
refers to condition at discharge from hospital. A good 
outcome was defined as an infant that was-well and 
appeared neurologically normal at the time of dis- 
charge from the hospital. A poor outcome was defined 
as neonatal death, chromosomal abnormality, or evi- 
dence of a neurological problem at the time of dis- 
charge from hospital. By these criteria nine infants had 
good outcomes and six had poor outcomes. No new- 
born infant had a hematocrit >60%. . 

Successful Doppler studies were possible in all of the 
patients. In 14 of the 15 cases studied, the pulsatility 
index and A/B ratios were substantially outside the nor- 
mal range. The values obtained for the last pulsatility 
index and A/B ratios are shown in Figs. 3 and 4. The 
A/B ratio in the single patient with reversed end-dia- 
stolic flow velocity is reported as >8. 

Neonatal outcome was examined in all cases. There 
was no correlation between umbilical artery pH, Apgar 


scores, or the need for intubation at birth and the de- 
gree of abnormality of either the pulsatility index or 
A/B ratio. The six patients with an abnormal pulsatility 
index value had either absent (five cases) or reversed 
(one case) end-diastolic flow velocity. This group in- 
cluded the threé infants that died in the early neonatal 
period and a case of trisomy 21. In one case congenital 
viral infection was suspected because of hepatospleno- 
megaly, hyperbilirubinemia, intracerebral calcification, 
and abnormal muscle tone. There was one apparently 
healthy infant. Five of these six cases therefore had a 
poor outcome. The infants with poor outcomes had 
significantly higher pulsatility index values than those 
with a good outcome (p < 0.001, one-tailed Mann- 
Whitney test). 

There were eight infants with an A/B value of >100. 
This group included the three that died, the infant with 
trisomy 21, and one with suspected congenital viral 
infection. Three infants were apparently normal. Thus 
five of the eight had a poor outcome. The infants with 
poor outcomes had significantly higher A/B values than 
those with good outcomes (p < 0.02, one-tailed Mann- 
Whitney test). 

Only three infants in the series were acidotic at birth, 
with an umbilical artery pH <7.20. Two of the three 
subsequently died. The surviving infant (Case No. 1) 
had a normal umbilical artery end-diastolic flow velocity 
and the low cord pH probably resulted from acute ma- 
ternal blood loss resulting from a ruptured liver in a 
woman with severe preeclampsia. 

The first of the three infants that died (Case No. 2) 
was born at 26.7 gestational weeks, developed severe 
respiratory distress syndrome, and died of respiratory 
complications and renal failure. The second (Case 
No. 10) was born at 31.4 gestational weeks, had a pul- 
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Fig. 4. Last A/B ratio measurements. Normal range (mean + 
2 SD) is shown. 


monary hemorrhage at 3 days, and an intracerebral 
hemorrhage was found at autopsy. The third (Case No. 
14) was born at 28.3 gestational weeks, developed re- 
spiratory distress syndrome and had a pulmonary hem- 
orrhage, and was found to have intracerebral hemor- 
rhage at autopsy. Each of the three babiés that died 
was thrombocytopenic at birth and this is the subject 
of a further study. 

All of the patients had a nonstress test performed. 
it was reactive in four and there was a good outcome 
in each case. Eleven patients had a nonreactive non- 
stress test with poor fetal heart rate variability. Five of 
the mothers were receiving magnesium sulfate infu- 
sions and six were receiving no medication. Three of 
the 11 had low umbilical pH (<7.20) at birth, including 
the two infants with very abnormal pulsatility index 
values who subsequently died and one whose mother 
was found to have a ruptured liver. Of the remaining 
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Fig. 5. Case No. 3, demonstrating a nonreactive nonstress test, 
moderately abnormal umbilical artery Doppler study (pH 
7.34), and a good outcome. ) 
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Fig. 6. Case No. 10, demonstrating a nonreactive nonstress 
test and abnormal umbilical artery Doppler study (pH 7.15) 
associated wtih birth asphyxia and neonatal death. ` 


eight infants, stx were in good condition at birth and 
two had only minor cord blood gas abnormalities. 
Figs. 5 and 6 demonstrate examples of nonreactive non- 
stress tests with poor variability, Doppler study results, 
and umbilical artery pH values. The nonstress test was 
nonreactive in both but there was a marked difference 
in the cord flow velocity waveform. The fetus with the 
higher pulsatility index value was severely compro- 
mised at birth. 


Comment 


Severe early onset growth retardation is relatively 
rare and it is difficult for one center to collect a large 
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series for study. In this small series, although 14 of 15 
had abnormal umbilical artery flow velocity waveforms, 
the majority (nine) had a good outcome. When the 
pulsatility index was very abnormal, however, there was 
a highly significant risk of poor neonatal outcome, with 
five of six infants with pulsatility index values >2 having 
a poor outcome. . 

When an A/B ratio of greater than 100 was chosen 
(absent or reversed end-diastolic flow velocity), less ac- 
curate prediction of fetal risk was achieved inasmuch 
as three of these eight infants had a good outcome; 
however, there was still a significant association between 
high A/B ratio and poor outcome. This small difference 
between the two ratios in predicting outcome may arise 
because the pulsatility index differentiates between 
waveforms even when end-diastolic flow velocity is ab- 
sent. This is because of an assessment of the area under 
the waveform, whereas the A/B ratio becomes infinity 
in all such cases. 

Earlier studies of Erskine and Ritchie” and Trudinger 
et al.!° demonstrated that an abnormal umbilical artery 
waveform was associated with a risk to the fetus but 
this risk could not be quantified, possibly because in 
most cases at least several days elapsed between Dopp- 
ler study and delivery. In the present study all of the 
patients were examined on the day of delivery, usually 
only a few hours before birth. 

The decision to déliver by cesarean section was in- 
dependently made by the attending physician in the 
knowledge that the fetus was severely growth retarded 
and had a fetal heart tracing that was nonreactive or 
had poor variability. The interpretation of these trac- 
ings was complicated because five of the 11 nonreactive 
traces were in preeclamptic patients treated with mag- 
nesium sulfate, which is known to depress fetal heart 
rate variability.’ Only three of the 11 had alow umbilical 
artery pH at birth. Aside from maternal medication, 
these results would support the work of Henson et al.° 
who found that a group of growth-retarded fetuses had 
significantly less fetal heart rate variation than control 
fetuses matched for gestational age and that such re- 
duced variability was not necessarily related to fetal 
acidosis. | | 

Our results will need to be confirmed in a larger 
series, but in the growth-retarded preterm fetus the 
degree of abnormality of the flow velocity waveform 
appears to be a more sensitive predictor of fetal out- 
come than a nonreactive nonstress test or a finding of 
reduced fetal heart rate variability. 

In a woman with severe preeclampsia and a ruptured 
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liver (Case No. 1), the fetus had a normal pulsatility 
index and A/B ratio. This is the first time we have seen 
a normal waveform in a severely growth-retarded pre- 
term fetus and we are unable at present to explain this 
finding. | 

In four mothers there were no underlying maternal 
disorders. This group of patients is difficult to manage 
antenatally because one is always concerned about the 
risk of chromosomal or congenital anomalies or con- 
genital viral infection. In this group two infants appear 
to be completely normal, another has trisomy 21, and 
one has a possible congenital viral infection. All four 
infants had very abnormal pulsatility index values; thus 
the pulsatility index was not helpful in differentiating 
between intrinsic and extrinsic causes of fetal growth 
retardation. This observation confirms that made pre- 
viously by Trudinger and Cook.” 

In summary, in the preterm growth-retarded fetus, 
umbilical artery flow velocity waveforms seem to carry 
information concerning fetal condition in utero that is 
more difficult to predict by other current methods such 
as the nonstress test. The technique, however, does not 
appear to allow differentiation between intrinsic and 
extrinsic causes of IUGR. 
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Adjuvant therapy for Stage I uterine sarcoma 


Peter G. Rose, M.D., John G. Boutselis, M.D., and Larry Sachs, Ph.D. 


Columbus, Ohio 


A retrospective evaluation of adjuvant therapy in 64 patients with Stage | sarcoma was undertaken. A 
combination of operation and adjuvant radiation was compared with operation alone. A decreased 
recurrence of both pelvic and distant tumor was noted for endometrial sarcoma but not for leiomyosarcoma 
treated with adjuvant radiation. A Cox regression analysis showed a trend for improved survival, but the 
results were not statistically significant. Survival after vaginal cuff recurrence and treatment with radiation 
therapy (two patients) or combined radiation and chemotherapy (one patient) is reported. Seven patients 
received adjuvant chemotherapy with Adriamycin-based regimens. Chemotherapy alone did not statistically 
decrease recurrence in this small sample. (Am J Oaster GYNECOL 1987;156:560-2.) 


Key words: Uterine sarcoma, adjuvant therapy, radiation therapy, chemotherapy 


Uterine sarcoma is rare, accounting for only 1% to 
3% of uterine cancers. Its management is controversial 
and its rarity has hindered prospective studies. Because 
of the high recurrence rate of early stage disease (50% 
to 80%)'* various adjuvant therapies have been used. 
Evaluations of these treatment regimens have relied 
extensively on retrospective studies that often span 
many years during which staging and treatment tech- 
niques have varied. We undertook such a retrospective 
study to determine whether adjuvant therapy affected 
the rate of recurrence in Stage I uterine sarcoma. 


Methods 


One hundred three patients with uterine sarcoma 
treated by The Ohio State University Gynecology On- 
cology Service from 1940 to 1984 were reviewed. At 
the time of diagnosis or surgical exploration, disease 
was not limited to the uterine corpus in 39 patients and 
they were excluded from this analysis. The remaining 
64 patients were classified according to a modified uter- 
ine sarcoma nomenclature adopted by the gynecologic 
oncology group.’ Patients were evaluated according to 
primary, treatment regimen, and outcomes were statis- 
tically analyzed by the x° test or Fisher’s exact test. 


Results 


Sixty-four patients with Stage 1 uterine sarcoma 
included patients with carcinosarcoma (n = 17), en- 
dometrial stromal sarcoma (n = 10), fibrosarcoma 
(n = 1), leiomyosarcoma (n = 18), and mixed meso- 
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dermal sarcoma (n = 18). Patients were treated by op- 
eration (n = 32), radiation (n = 9), operation and ra- 
diation (n = 16), or operation and chemotherapy 
(n = 7). Adjuvant radiation treatment consisted of pre- 
operative brachytherapy (n = 6), preoperative brachy- 
therapy and teletherapy (n = 1), postoperative tele- 
therapy (n = 7), and preoperative brachytherapy and 
postoperative teletherapy (n = 2). External radiation 
consisted of whole pelvic radiation, 4000 to 5000 rads 
in 200 rad fractions, over a period of 4 to 5 weeks. 
Brachytherapy consisted of a colpostat and tandem im- 
plant, delivering 3000 to 5000 rads to point A. 

Chemotherapy consisted of Adriamycin-based regi- 
mens for 12 courses or until recurrence. Patients re- 
ceived vincristine, Adriamycin, and cyclophosphamide 
(VAC) (n = 4), cisplatin, Adriamycin, and cyclophos- 
phamide (n = 1), Adriamycin and cyclophosphamide 
(n = 1), and Adriamycin, vincristine, and dacarbazine 
(DTIC) (n = }). 

In patients treated with operation or radiation alone, 
the recurrence rates were high, 75% and 77%, respec- 
tively. Treatment with operation and radiation or with 
operation and chemotherapy produced better results, 
with recurrence rates of 56% and 43%, respectively. 

Statistical evaluation of treatment modality and sub- 
sequent recurrence was performed for all uterine sar- 
comas, endometrial sarcomas, and leiomyosarcomas. 
Recurrence of endometrial sarcoma was decreased for 
operation and radiation (five of 11) versus operation 
alone (22 of 27) (p < 0.04). The combination of op- 
eration and adjuvant chemotherapy was not statistically 
better than operation alone. Recurrence after radiation 
or operation alone (27 of 33) was significantly higher 
(p < 0.05) than after combined operation and adjuvant 
therapy (radiation or radiation and chemotherapy) (six 
of 13). 

Addition of adjuvant treatment, radiation or che- 
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motherapy, did not improve the survival or the time to 
recurrence for leiomyosarcoma. 

When all uterine sarcomas were evaluated, improved 
outcome was seen only when combinations of operation 
and radiation or operation and chemotherapy were 
compared with operation or radiation alone (p = 0.05). 

Despite decreased recurrence rates after adjuvant ra- 
diation therapy in patients with endometrial sarcoma, 
45% had recurrent disease. The site of recurrence (pel- 
vic versus distant) was not statistically different in pa- 
tients treated with operation alone (45%) than in those 
treated by combined operation and radiation (40%). 
Radiation technique did not affect the recurrence rate 
in this series. 

A Cox regression analysis of survival of patients with 
endometrial sarcoma, with correction for age at diag- 
nosis and treatment at recurrence, showed a trend but 
no statistical improvement in this sample size. 


Comment 


The finding that the combination of operation and 
radiation is more effective than operation alone in pre- 
venting recurrent endometrial sarcoma but not leio- 
myosarcoma is in agreement with results of previous 
authors. 

Belgrad et al. reported on 34 patients, 16 of whom 
had Stage I disease. For all stages, radiation therapy 
resulted in an improved 2-year survival, except for 
those with leiomyosarcoma. Treatment results for pa- 
tients with Stage I disease were not analyzed separately, 
however, and whether this radiation was adjuvant or 
therapeutic is unclear. 

Gilbert et al.® analyzed 105 patients with uterine sar- 
coma, 57 of whom had Stage I disease. Although the 
authors favored adjuvant radiation therapy, only four 
patients with Stage I disease received primary opera- 
tion and radiation therapy and no statistics were re- 
ported. 

Vongtama et al.’ studied 104 cases of Stage I or II 
uterine sarcoma and noted, in 87 patients with Stage I 
disease, a trend for improved survival with adjuvant 
radiation, but the results were not significant. In their 
series, pelvic radiation decreased local failure rates 
from 55% to 26%. No specific form of radiation ther- 
apy, whole pelvic or intracavitary, offered superior 
results. 

Salazar et al. reported on 18 patients with Stage I 
mixed mesodermal sarcoma. Of 12 patients treated 
with operation and radiation, only 50% had recur- 
rences, in contrast to all six of the patients treated with 
operation alone (p < 0.05). 

More recently, Sorbe? reported on 87 patients with 
uterine sarcoma, 59 of whom had Stage I (47) or I 
(12) disease. In 18 patients receiving adjuvant radiation 
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therapy pelvic recurrences decreased, but there was no 
statistical improvement in survival. 

Inasmuch as the addition of radiation in this study 
statistically decreased recurrence, both pelvic and dis- 
tant, it would seem to be effective in treating local nodal 
disease and vaginal cuff recurrence before distant 
spread. Two patients in our study who had vaginal cuff 
recurrence were treated with external radiation and 
survived 20 and 206 months; one died of recurrent 
sarcoma and the other of a cerebrovascular accident. 
A third patient with recurrence that was limited to the 
vaginal cuff and treated with external radiation and 
chemotherapy (cyclophosphamide, vincristine, Adria- 
mycin, and DTIC for 10 courses) is alive 52 months 
after recurrence. Buschbaum et al.’® reported survival 
of a patient with mixed mesodermal sarcoma treated 
with radiation for vaginal cuff recurrence. 

Because of the small number of patients treated pro- 
phylactically with chemotherapy, its role in Stage I uter- 
ine sarcoma is not defined by this study. In view of 
frequent distant recurrence and the proved although 
limited effectiveness of chemotherapy in advanced dis- 
ease,' '? there is great interest in prophylactic che- 
motherapy if Stage I disease exists. Buschbaum et al.,° 
reporting on 10 patients treated with VAC, noted an 
80% 3- to 7-year survival. Two surviving patients had 
more than 10 mitoses per 10 high-power fields and no 
prior reports had documented survival in such cases. 
In nonrandomized studies, Hannigan et al.” reported 
no benefit of VAC chemotherapy and Barter et al.” 
reported no improvement with Adriamycin, VAC, or 
methotrexate, Adriamycin, and cyclophosphamide in a 
small series of patients. The gynecologic oncology 
group prospectively randomized 156 patients with 
Stage I or II uterine sarcoma treated with Adriamycin 
every 3 weeks for eight courses versus no additional 
therapy. No improvement was noted for the Adria- 
mycin-treated group but patients varied in their treat- 
ment with respect to adjuvant pelvic radiation. 

The low response rate to chemotherapy in patients 
with established disease requires analysis of a large se- 
ries of patients to prove that prophylactic therapy is 
beneficial. Whether the clinical benefit will outweigh 
the toxicity remains doubtful. 

As with other malignancies, adequate staging of uter- 
ine sarcoma is important in determining appropri- 
ate therapy. More recently, the significance of pelvic 
(35%) and para-aortic (14.3%) lymph node metastasis 
in Stage I disease has been appreciated. As with other 
sarcomas, hematogenous dissemination is rapid, with 
pulmonary metastasis the most common site of disease 
at autopsy.” Some authors advocate peritoneal cyto- 
logic washings and omentectomy as part of routine stag- 
ing.* Although these pathologic variables are part of 
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our present staging protocol, they are not included in 
this series or in any other series in the literature. 

A prospective study of postoperative pelvic radiation 
in Stage I and II mixed mesodermal sarcoma (Gyne- 
cologic Oncology Group 75-RTOG 8402) is in progress 
and is projected to be completed in 1994. The present 
data support adjuvant radiation for uterine sarcomas, 
except leiomyosarcomas, but only through prospective 
collaborative studies can our understanding and treat- 
ment of these rare malignancies be improved. 
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Clinicopathologic study of eight cases of uterine body cancers 
associated with endometriosis interna (uterine adenomyosis) 


Takashi Hayata, M.D., and Yoshiro Kawashima, M.D. 


Hamamatsu, Japan 


Among 30 cases of uterine body cancers, in sight cases (Stage IA, two cases; Stage IB, six cases) uterine 
adenomyosis was demonstrated microscopically. The age range was from 46 to 66 years with a median of 
56. When these eight cases were compared with the 12 cases of Stage | endometrial cancer without 
adenomyosis, there was no difference in either menstrual history or family history, although past histories 
of hypertension and diabetes mellitus were found in these eight cases. The mean obesity index was 127 in 
eight cases and 116 in 12 cases. Seven of these eight cases were pure tubular adenocarcinoma. From 
the standpoint of early myometrial infiltration of the endometrial cancer, these eight cases not only 
provided a good model to survey early endometrial cancer but also suggested a common stimulus, such 
as estrogen, in both endometrial cancer and uterine adenomyosis. (Am J OssteT GyNnecoiL 1987;156: 


663-6.) 


Key words: Endometrial cancer, adenomyosis, clinicopathologic study 


Endometriosis interna (adenomyosis), which is very 
painful in menstruating women and results in severe 
dysmenorrhea, was studied clinicoendocrinologically. 
In a study of 30 cases of endometrial cancer at our 
hospital, we found uterine adenomyosis in specimens 
from eight of the 20 cases of early endometrial cancer. 
These uterine cancers that contained microscopic ad- 
enomyosis were studied clinicopathologically and were 
compared with 12 cases of endometrial cancer without 
adenomyosis. 


Material and methods 


Details of eight cases of endometrial cancer with ad- 
enomyosis are shown in Table I. The age range was 46 
to 66 years, with a median of 56. Parity and gravidity 
averaged four and two, respectively. The chief com- 
plaint in five of the eight cases was genital bleeding. All 
cancers were classified as Stage I according to the cri- 
teria of the International Federation of Gynecology and 
Obstetrics (two were Stage IA and six were IB). 


Results 


Menstrual history. There were no significant find- 
ings in regard to age at menarche or at marriage. Men- 
strual cycles were regular in four cases and irregular 
in four cases. One patient with regular menses and two 
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with irregular menses had dysmenorrhea. Age at 
menopause in five cases ranged from 45 to 53; the other 
three patients were premenopausal (Table II). The du- 
ration from menarche to menopause, to last delivery 
(or pregnancy), and to operation is shown in Table III. 
When one shows the time to menopause as ~, the time 
from menarche to menopause or the duration of men- 
struation ranges from 28 to ~41 years (average of ~36). 
The period between menopause and operation ranged 
from 2 to 15 years (average of 8 years). The period 
from last delivery (or pregnancy) to operation was be- 
tween 23 (17 for pregnancy) to 35 (33 for pregnancy) 
[average of 27 (or 23 for pregnancies)]. 

Medical history (Table IV). in three of the eight 
cases hypertension was an associated finding and there 
was one case of diabetes mellitus. In the other 12 cases 
of Stage I uterine cancer and without adenomyosis, 
hypertension and diabetes mellitus were not found. 

Family history (Table V). In two of the eight cases, 
a father and an elder brother had diabetes mellitus. In 
five cases first- or second-pedigree relatives have died 
of cancer. On the contrary, in the 12 cases of endo- 
metrial cancer without adenomyosis, there were no 
cases of diabetes mellitus or cancer elsewhere in the 
body. 

Obesity index (Table VI). The obesity index was 
calculated by the formula: body weight x 100 divided 
by (height — 100) x 0.9. The obesity index score in 
eight cases of Stage I uterine corpus cancer with ad- 
enomyosis ranged from 100 to 147 (average = 127). 
In 12 cases of Stage I uterine corpus cancer without 
adenomyosis the average score was 116. In 30 cases of 
Stage I cervical cancer with a similar age range the 
obesity index score was 106. 

Histopathologic findings (Table VII). The histologic 


663 


664 Hayata and Kawashima March 1987 
Am J Obstet Gynecol 


Table I. Details of eight cases of uterine corpus cancer with adenomyosis 


l 2 Hypermenorrhea-polymenorrhea IB Premenopausal 
2 55 3 Z Genital bleeding IA Postmenopausal 
3 48 6 3 Genital bleeding IB Premenopausal 
4 66 6 4 Genital bleeding IB Postmenopausal 
5 60 5 3 Genital bleeding IA Postmenopausal 
6 54 l 0 Genital bleeding IB Postmenopausal 
7 56 i 0 Lower abdominal pain IB Premenopausal 
8 59 7 5 Cancer check IB Postmenopausal 
Mean 56 4 2 


Table II. Menstrual history 












Age at 


menarche 


Age at 
marriage 














Case Menstrual cycle Menstrua! 





regularity symploms 
l 46 15 20 Irregular Dysmenorrhea — 
2 55 13 22 Regular — 53 
3 48 14 24 Irregular — — 
4 66 i 15 2a Regular Dysmenorrhea 53 
5 60 17 21 Irregular — 45 
6 54 15 30 Regular — 52 
7 56 15 31 Irregular Dysmenorrhea — 
8 59 12 18 Regular — 51l 


Table III. Reproductive history 























No. of No. of 
No. of No. of years since YEATS SINCE 
Case reproductive years since last ' last 
; menopause delivery pregnancy 





l 46 15 >31 — 23 17 
2 55 13 40 53 2 27 
3 48 14 >34 — 23 18 
4 66 15 38 53 13 35 33 
5 60 17 28 45 15 27 
6 54 15 37 52 2 25 
7 56 15 >4] — 24 
8 59 12 39 5I 3 29 





Table IV. Medical history 


Age at Age at 
Case No. present (yr) History onset (yr) Duration 


1 46 Abdominal pain 35 — 
2 55 Left ovarian cystectomy 38 
Hypertension (drug treatment) “755 2 yr 
3 48 Hypertension ~43 5yr 
Hepatitis B surface and e antigen positive ~46 2 yr 
4 66 Diabetes mellitus, hypertension ~~ 50 16 yr 
Angina pectoris =~H5 ll yr 
Gallstones 59 — 
Senile colpitis l 66 1⁄2 mo 
5 60 Senile colpitis 60 2 wk 
Constipation 60 — 
6 54 Acute hepatitis 29 — 
Appendectomy 30 — 
Left ventricular hypertrophy ~50 4 yr 
7 56 Pleurisy 23 — 


8 59 Heart disease ~50 9 yr 
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Table V. Family history 


Table VI. Obesity index ` 





No. Relative | History a ae score 
1 Father Diabetes mellitus l i 141 44 119 
4 Grandfather Rectal polyp 2 ; 146 55 © p83 

Mother of grandmother Cervical cancer* 3 = M8 55 142 
5 Father Stomach cancer* i 4 ` 147 57 135 
Mother Rectal (?} cancer* ` 5 f 150 45 100 
7 Grandfather Stomach cancer* 6 i 157 68 133 
Younger brother Stomach cancer* M i 150 66 147 
Younger sister Uterine myoma (removed) 8 a 155 5] 103 
8 Aunt Rectal cancer* 7 149 55 127 


` Elder brother Diabetes mellitus 


Weight x 100 
(Height ~ 100) x 0.9 


x , : 
Deceased. Obesity index calculated as: 


Table VII. Histologic types of carcinoma 4 


Age i i 
: Type of cancer Endometrial background 


Adenomyotic glandular tissue 





I 46 Tubular adenocarcinoma Proliferative endometrium Proliferative endometrium-like 
2 55 + Tubular (comedo-like) adenocarcinoma Proliferative endometrium Proliferative endometrium-like 
3 48 Tubular adenocarcinoma Atrophy Proliferative endometrium-like 
4 66° - Papillotubular adenocarcinoma Day 20 endometrium Day 19 endometrium-like 
5 60 . Tubular adenocarcinoma Proliferative endometrium Proliferative endometrium-like 
6 54 Tubular adenocarcinoma Proliferative endometrium with Proliferative endometrium-like 
focal cystic glandular 
hyperplasia >} 
56 Tubular adenocarcinoma | Day 27 endometrium Day 23 endometrium-like 
8 59 Tubular adenocarcinoma Proliferative endometrium Proliferative endometrium-like 


type of the presented cases of corpus cancer was well- 
differentiated tubular adenocarcinoma with the excep- 
tion of papillotubular adenocarcinoma in case No. 4. 
The histologic features that preceded these corpus can- 
cers were proliferative endometrium in five cases, atro- 
phy in one, and secretory endometrium in two. Ad- 
enomyotic glandular epithelium demonstrated a pro- 
liferative endometrium—like pattern, except in two 
cases with secretory endometrium—like adenomyotic 
glandular tissue. Histologic examination of the ovaries 
revealed five cases with a corpus albicans and two with 
a corpus luteum. There was one case of ovarian en- 
dometriosis (Case No. 1) without a malignant trans- 
formation pattern. 


Comment 


More cases of microscopic adenomyosis, in cases: of 
uterine corpus cancer have been reported than one 
might estimate. Giammalvo and Kaplan’ stated that 
among .120 cases of endometrial cancer (all were ad- 
enocarcinómas, with exclusion of carcinosarcomas, au- 
topsy cases, and cases without a description of the clin- 


ical stages), 40 (33%) contained microscopic adeno- ` 


myosis. Marcus’ found 60 cases of adenomyosis in 100 
endometrial cancers in comparison with 39 in 100 cases 
in the control group. In 39 of 60 cases of adenomyosis 
associated with endometrial cancer, endometrial hy- 


| group. 


; 
perplasia was also demonstrated, which is significantly 
different from the seven among 39 cases in the control 


The fact that eight of our own 30 cases of endo- 
metrial cancer associated with adenomyosis were all 
Stage I leads us to consider the possibility that these 
cases could be good models in which to follow the myo- 
metrial infiltration of corpus cancer in its early phase. 

Endometrial hyperplasia as a histologic background 
of corpus’ cancer, such as in those cases in the report 
of Marcus,” was not found, except for the one case with 
focal cystic glandular hyperplasia. In other words ex- 
amination of the endometrium before the cancer was 
diagnosed in seven of eight cases revealed normal his- 
tologic features. 

Our own 100 cases of adenomyosis (microscopic or 
clinical) up. to the present have shown no instances of 
malignant transformation of the adenomyotic glan- 
dular epithelium histologically. 

That two of the eight cases described here had atyp- 
ical glandular epithelium (a definite diagnosis such as 
adenomyoti¢ glandular tissue was not possible because 


‘of the lack of endometrial stroma) suggests the possi- 
bility of an early myometrial infiltrating pattern of en- 


dometrial cancer. 
In any case data such as histologic findings and clin- 
ical history (menstrual history, medical history, family 


i] 
$$] 
‘ 
fi 


Hayata and Kawashima 


-history, and obesity index score) suggest that some com- 
mon stimuli such as estrogen promote both uterine 
corpus cancer and adenomyosis. 
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Type-specific streptococcal antibodies in amniotic fluid 


Barry M. Gray, M.D., Janet D. Springfield, M.P.H., and Hugh C. Dillon, Jr., M.D. 


Birmingham, Alabama 


Type-specific antibodies against group B streptococcal and pneumococcal capsular antigens were 
measured in 68 amniotic fluid samples from healthy women between 16 and 20 weeks of pregnancy. 
Mean antibody levels ranged from 0.13 to 0.61 ug/ml, with few samples having >1 pg/ml against any 
antigen. The role of antibodies in protection against intrauterine infection is discussed. (Am J OBSTET 


GYNECOL 1987;156:666-9. ) 


Key words: Group B streptococci, pneumococci, antibodies, amniotic fluid 


Amniotic fluid normally contains low but measurable 
amounts of immunoglobulins, mostly of the IgG class.’ 
Immunoglobulin levels of all classes are fairly constant 
throughout gestation, with a decrease in IgG at term, 
probably because of changes in amniotic fluid volume.” 
The role of specific antibodies in amniotic fluid has yet 
to be explored, although there is some evidence for 
both specific and nonspecific opsonization of Escherichia 
coli and group B streptococci by term and preterm am- 
niotic fluid.* In this study we offer quantitative data on 
amniouc fluid levels of type-specific antibody against 
the four major polysaccharide antigens of the group B 
streptococci and eight common fapad types of Strep- 
tococcus pneumoniae. 


Methods 


Amniotic fluid samples were collected from women 
attending the Prenatal Genetics Clinic of the University 
of Alabama at Birmingham in December 1984, accord- 
ing to methods previously described.* Indications for 
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amniocentesis included maternal age 235 years, family 
history of congenital anomalies, and history of obstetric 
complications. No cultures for carriage of group B 
streptococci or pneumococci were done, and no sera 
were available for study. Sixty-eight clear fluid samples 
were selected randomly from otherwise healthy women 
between 16 and 20 weeks of pregnancy. The amniotic 
fluid specimens were initially processed in the Labo- 
ratory of Medical Genetics; tne centrifuged superna- 
tant fluids were stored at ~20° C until used for anti- 
body determinations. 

Antibodies to group B streptococci and pneumococ- 
cal polysaccharide antigens were measured quantita- 
tively by enzyme-linked immunoassay methods modi- 
fied from those described for group B streptococci type 
II. Group B streptococci type Ib, II, and III polysac- 
charides were prepared by mutanolysin extraction and 
purified by chromatography, essentially as described by 
De Cueninck et al. The type Ia polysaccharide was 
prepared by sonication in cold 2.5% trichloroacetic acid 
followed by separatior. of group and type antigens over 
a Sepharose 6B column.’ Purified pneumococcal poly- 
saccharides of types 1, 3, 4, 6, 9, 14, 19, and 23 were 
obtained from Lederle Laboratories, Pearl River, 
New York, and from Eli Lilly & Company, Indianapolis, 
Indiana. Each polysaccharide was coupled to poly- 
lysine? and dispensed in 300 ul volumes into plastic 
microtiter wells (Dynatech Laboratories, Alexandria, 
Virginia). The wells were incubated overnight at room 
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Table I. Antibody levels in 68 aminiotic fluid samples 


Amniotic fluid antibody (ug/ml) 
[Oo e l o 









No. with >I pglinl 


Group B streptococci 


Type Ia 0.18, 0.44 3.55 2 
Type Ib 0.35 0.26 _ }02 l 
Type II 0.40 0.44 "L64 8 
Type IH 0.29 0.33 1.73 3 
Streptococcus pneumoniae . 
Type 1 0.15 0.13 0.69 Q 
Type 3 0.13 0.10 0.40 0 
Type 4 0.61 0.5] 2 2.06 7 
Type 6 0.19 0.22 1.23 2 
Type 9 0.15 0.12 a A5 0 
Type 14 0.53 0.50 2.62 8 
Type 19 0.34 0.46 2.86 5 
Type 23 0.15 0.15 l 0.83 0 





temperature, washed with deionized water, filled with 
0.1% bovine serum albumin, and refrigerated until use. 

Amniotic fluid was added to the wells in 50 pl vol- 
umes and diluted with 250 yl of phosphate-buffered 
saline—Brij (0.05 mol/L phosphate, 0.1 mol/L sodium 
chloride, and 0.05% Brij, Aldrich Chemical, Atlanta, 
Georgia), pH 7.4. After incubation for 3 hours at room 
temperature, unbound antibody was washed out with 
deionized water. B-Galactosidase conjugated goat an- 
tihuman F(ab’), (Southern Biotechnology Associates, 
Inc., Birmingham, Alabama) was diluted 1:500.1n a 
phosphate-buffered saline-Brij buffer of greater ionic 
strength (0.55 mol/L-36dium chloride and 0.05 mol/L 
phosphate, pH 7.4) and added to the wells in 300 pl 
volumes. After 2 hours of incubation the wells were 
again washed, and 300 pl of enzyme substrate was 
added to each well. The substrate was o-nitrophe- 
nyl-B-b-galactopyranoside (Sigma Chemical Company, 
St. Louis; Missouri) diluted to 1 mg/ml in 0.01 mol/L 
Tris, pH 7.5, containing 0.01 mol/L concentrations of 
sodium chloride, magnesium chloride, and 2-mercap- 
toethanol. The change in optical density was read after 
20 minutes at 414 nm with an eight-channel photom- 
eter (Titertek Multiskan, Flow Laboratories, McLean, 
Virginia). Results, expressed as absorbance units, were 
converted to micrograms of antibody protein per mil- 
liliter by calculation from a standard curve consisting 
of IgG measured by quantitative precipitation for an- 
tibody against a pneumococcus type 19 antigen.’ Al- 
though the anti-F(ab’), conjugate detected antibodies 
of all classes, most (80%) amniotic fluid antibody at 16 
to 20 weeks’ gestation is of the igG class' and values 
were dssumed to be equivalent in micrograms to the 
amount of IgG in the standard. The linear portion of 
the curve corresponded to 0.03 to 1.42 ug/ml of am- 
niotic fluid, on the basis of 50 pl samples. Further sam- 
ple dilutions were made as necessary, and all assays 
were done in duplicate. 


Results 
` Antibody lévels in 68 amniotic fluid samples are pre- 
sented in Table I. Mean levels were 0.18 to 0.40 ug/ml 
against group B streptococcal antigens; the highest 
levels were against type II, followed by types Ib, HI, 
and Ia. Antibodies against pneumococcal polysaccha- 
rides averaged 0.13 to 0.61 g/ml, the highest being 
those for types 4 and 14. Levels ranged as high as 1 to 
3 ug/ml, but very few samples had >1 pg/ml. 

It was of some interest to note that within a given 
patient there was a tendency to have little or no anti- 
body against any group B streptococcal type or to have 
antibodies against multiple types. This is illustrated in 
Fig. 1, counting the number of types for which a patient 
had greater than the mean antibody level. The distri- 
bution was far more uniform (Pearson x? (4 df) = 31.8, 
p.< 0.0001). The 31/68 patients who had no antibody 
greater than the mean accounted for most of the de- 
viation (their contribution to the total x’ = 22.3), while 
the frequency of those with antibody against two or 
three types was lower than expected. No such striking 
distribution was seen with respect to antibodies against 
pneumococcal polysaccharides. 


Comment | 

Amniotic fluid appears to play a role in protecting 
the fetus from bacterial infection by a variety of mech- 
anisms.’ Certain. organisms, including Escherichia coli, 
may be inhibited by a zinc-dependent peptide? in the 
absence of complement and phagocytes. The group B 
streptococci are inhibited little or not at all by amniotic 
fluid alone,'*'? but specific as well as nonspecific opsonic 
activity has been demonstrated in a chemiluminescence 
assay in the presence of human peripheral neutro- 
phils.? Unlike gram-negative organisms, which may be 
lysed by antibody and complement activation, the 
group B streptococci require antibody, complement, 
and phagocytosis to effect killing." 
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’ Fig. 1. Sixty-eight amniotic ‘Auid samples were E for E agairist group B streotococci types 


tee Ha, Ib I, and III: The figure stows the distribution of patients according to the number of types, 
"o for which the antibody. level was greater than’ the. mean- The proportion of patients with a. | 


t 
r 
bs ry me = 


In previous studies we found the prevalence of serum 
IgG against group'B streptococci types la, Il, and H 


quite low, with only about 6% of women. at delivery 


m 


having >2 g/ml" Carriers of group B streptococci- 


` were more likely to have antibody against one or more 
types, | whereas noncarriers rarely had antibody. Al- 
though. culture data were not. available from patients 
in the present study, antibody levels were less than the 
mean for all four types in nearly half the specimens. 
To geta broader picture of antibody prevalence agairist 
gram-positive capsular polysaccharides, we also miea- 


sured levels against common pneumococcal types. The a 


rarity of amniotic infection due to pneumococci is not 


likely to. be explained by the presence of’ antibody,- : 
which was as low as that against group B streptococci; . 


rather it probably reflects differences in épidemiology 


of this respiratory pathogen. The presence of antibody , 


to group B streptococci, in serum or‘in amniotic fluid, 


may: have a protective role, but the ‘vast majority of | 
individuals, with little or no antibody, are at no åppar- 4 


ent risk for perinatal disease., Om the other hand, an- 


tibody present at the time of infection may not always 


_be adequate to forestall invasion.’ 


It is nonetheless quite reasonable to propose: that the 
presence in amniotic fluid of even small amounts of _ 


type-specific antibody. may be beneficial. Unless rup- 
ture of the membranes has occurred, the numbers of 


group B streptococci gaining access to the amniotic cav- 


- greater than the mean against four types or agairist no types was greater than expected (see Results). 
No such 2 distribution was seen for- -antibody kR the eight ee types. tested. 


+ 


E g =. > E 
z Ko a 
' 
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ity are`likely to be very small. An average’ antibody 


concentration of 0.4 pg/ml multiplied by 500 to 1000 
ml of fluid i is a considerable amount. Complement may 
be available i in amniotic fluid and certainly is available 
in perfused t tissues. Neutrophils are not a regular coñ- 
stituent ‘of amniotic fluid but are often present as the 
result. of a maternal inflammatory response.” Intra- 
uterine invasion by bàctėria may be hindered enough 
to prevent infection of thie fetus. This is consistent with 


| the observation that infants delivered of mothers with 
- group B streptococcal amnionitis may escape infection 


even though they are heavily colonized at birth. These 
hypotheses remain to be tested, and other explanations 
have yet to be poea: 


We wish to thank: Dis. Wayne and Sara Finley and 


the staff.of the Laboratory of Medical Gerietics: and 


Drs. Richard Davis.and Cynthia Brumfield of the De- 
partment of Obstetrics and Gynecology. Dr: David B. 
Pritchard provided purified group B sre piorocel 
polysaccharides. 
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Luteal function in ectopic pregnancy 


Corinne J. Hubinont, M.D., Christine Thomas, M.D., and Jean F. Schwers, M.D. 


Brussels, Belgium 


Human chorionic gonadotropin, estradiol, progesterone, and 17-hydroxyprogesterone have been measured 
in the serum of 46 patients with ectopic pregnancy. All these hormones were Significantly lower than in 
normal pregnancy. Unruptured ectopic pregnancy differed from the ruptured state by a lower serum human 
chorionic gonadotropin concentration, a slower human chorionic gonadotropin increment, a higher 
incidence of metrorrhagia, and an earlier diagnosis. The concentration of estradiol, progesterone, and 
17-hydroxyprogesterone in the serum of patients with ectopic pregnancy was lower than could be 
expecied from the decrease of human chorionic gonadotropin, often lower than in a normal luteal phase. It 
is suggested that, as long as ultrasonography fails to show an intrauterine pregnancy, the simultaneous 
determination of serum human chorionic gonadotropin and progesterone could aid in the early diagnosis of 
ectopic pregnancy and in the improvement of subsequent fertility; to that regard any progesterone ‘evel 
below 15 ng/ml in the presence of detectable amounts of human chorionic gonadotropin is highly 
suggestive of either a threatened abortion or an ectopic pregnancy, whatever the gestational age. (Am J 


Osstet GYNECOL 1987;156:669-74.) 


Key words: Ectopic pregnancy, corpus luteum, human chorionic gonadotropin, estradiol, 


progesterone, 17-hydroxyprogesterone 


The low level of serum human chorionic gonadotro- 
pin in patients with ectopic pregnancy is well docu- 
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mented, but very little attention has been paid to the 
evaluation ‘of luteal function in these patients. It is now 
established that the serum human chorionic gonado- 
tropin concentration is significantly reduced in cases of 
ectopic pregnancy’ and that repeated human chori- 
onic gonadotropin determinations show a very slow in- 
crease in ectopic pregnancy as compared with normal 
pregnancy.*® As regards the luteal function it has only 
been mentioned by Milwidsky et al.’ that the ser- 
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Table I. Mean human chorionic gonadotropin concentration in the sera of patients with unruptured and 


ruptured ectopic pregnancy and with normal pregnancy 


Gestational age* 


6 113 (n = 5) 
7 217 (n = 10) 
8 183 (n = 6) 


Number of samples is shown in parentheses. . 
*Completed weeks from last menstrual period. 


Human chorionic gonadotropin (ng/ml) 


Ectopic pregnancy 


Normal 

pregnancy 
2287 (n = 5) 4,580 (n = 40) 
14527 (n = 11) 8,200 (n = 29) 
857} (n = 7) 11,820 (n = 29) 


tp < 0.001 for ¢ test between ruptured and unruptured ectopic pregnancies. 


um progesterone level is lower than that in normal 
pregnancy. 

Some investigators’ have shown that repeated human 
chorionic gonadotropin determinations would be help- 
ful in cases of suspected ectopic pregnancy, but no one 
has ever suggested that the simultaneous determination 
of human chorionic gonadotropin and ovarian steroids 
could also provide some useful information when ul- 
trasonography fails to demonstrate an intrauterine 
pregnancy. 

In the present investigation, human chorionic go- 
nadotropin, estradiol, progesterone, and 17-hydroxy- 
progesterone have been measured in the serum of 46 
patients with ectopic pregnancy and compared with 
normal values. The differences between ruptured and 
unruptured ectopic pregnancy were also analyzed as 
regards to hormone levels and incidence of uterine 
bleeding. 


Material and methods 


Forty-nine consecutive and pathologically verified ec- 
topic pregnancies were studied retrospectively. All 
blood samples had been collected beween 3 and 10 
weeks and always before operation: Three ovarian 
pregnancies were excluded from the present study; of 
the remaining 46 tubal pregnancies 18 (39%) were rup- 
tured at the time of operation. One to five blood sam- 
ples were collected from each patient. Serum human 
chorionic gonadotropin, estradiol, progesterone, and 
17-hydroxyprogesterone were measured by specific ra- 
dioimmunoassays. 

The normal range for each of these hormones was 
previously determined from some 800 serum samples 
collected between 3 and 42 weeks of gestation (nearly 
200 between 3 and 10 weeks) and processed by the same 
radioimmunoassay. The gestational age is expressed as 
completed weeks from last menstrual period. 

Since the data from hormone assays usually show a 
log normal distribution rather than a normal distri- 


bution, statistical parameters such as mean, SD, ¢ test, 
and correlations were calculated on a logarithmic basis. 
The lower and upper limits of the normal range were 
set at the tenth and ninetieth percentiles, respectively. 
The x’ tests were performed with the use of the cor- 
rection for small numbers.® 


Results 


Human chorionic gonadotropin. Nearly all human 
chorionic gonadotropin values fell below the normal 
range, except for the samples collected during the 
fourth week of pregnancy. As shown in Table I, mean 
human chorionic gonadotropin levels were significantly 
lower in unruptured than in ruptured ectopic preg- 
nancies (p < 0.001). The human chorionic gonadotro- 
pin slope from 5 to 9 weeks also showed a difference 
between these two groups, with a mean value of 23 ng/ 
day for the former and 43 ng/day for the latter. In 
normal pregnancy the mean increase of human cho- 
rionic gonadotropin during that period of gestation is 
linear and reaches 500 ng/day. 

Steroids. Levels of ovarian steroids were generally 
below the normal range (Figs. 1 to 3) but the difference 
between ruptured and unruptured ectopic pregnancies 
was not as evident as for human chorionic gonadotro- 
pin. For the samples collected at 7 and 8 weeks a sig- 
nificant positive correlation exists between human cho- 
rionic gonadotropin and progesterone (r = 0.6384, 
p < 0.01 for 20 df) and between human chorionic go- 
nadotropin and estradiol (r = 0.4469, p < 0.05 for 18 
df) but not between human chorionic gonadotropin 
and 17-hydroxyprogesterone. 

Although a significant correlation did exist between 
human chorionic gonadotropin and progesterone the 
decrease of the latter was apparently more important 
than that of the former; in other words the progester- 
one concentration in ectopic pregnancy seemed lower 
than that expected in a normal pregnancy with a similar 
human chorionic gonadotropin level. In order to assess 
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2 4 6 8 10 42 14 


16 weeks 


Fig. 1. Serum estradiol (E) concentration in patients with 
ectopic pregnancy (© for unruptured ectopic pregnancies and 
* for ruptured ectopic pregnancies). The solid lines represent 
the limits of the normal range (tenth and ninetieth per- 
centiles). 


that assumption, ectopic and normal pregnancies were 
paired for human chorionic gonadotropin, and pro- 
gesterone levels were compared. As shown in Table II, 
in 20 of 21 cases a normal pregnancy could be found 
with a human chorionic gonadotropin value that 
matched within 4%; in the last case (121 versus 133 
ng/ml) the difference reached 10%. The mean values 
of human chorionic gonadotropin were 580 and 583 
ng/ml, respectively, for ectopic and normal pregnan- 
cies, and the paired ¢ test did not show any significant 
difference between these two groups of patients. 
On the other hand, the progesterone concentration 
reached a mean value of only 7.8 ng/ml in ectopic preg- 
nancy versus 23.6 ng/ml for the control group. As 
shown by the paired ¢ test that difference was highly 
significant (t = 5.622, p < 0.001 for 20 df). 

The data for the other steroids are also presented 
in Table II. For estradiol the mean values were 0.178 
and 0.488 ng/ml (t = 5.738, p< 0.001 for 20 df), 
respectively, and for 17-hydroxyprogesterone they 
were 1.70 and 4.97 ng/ml (t = 6.509, p < 0.001 for 
11 df). 

The discrepancy between human chorionic gonad- 
otropin and ovarian steroids was not specific for ectopic 
pregnancy; indeed similar results were obtained in a 
group of 20 patients with spontaneous abortion. 
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Fig. 2. Serum progesterone (P) concentration in patients with 
ectopic pregnancy. For further details refer to legend of 
Fig. 1. 
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46 weeks 


Fig. 3. Serum 17-hydroxyprogesterone (17OHP) concentra- 
tion in patients with ectopic pregnancy. For further details 
refer to legend of Fig. 1. 


Comment 


The results of serum human chorionic gonadotropin 
assays are in agreement with those of recent investi- 
gations.'* Serial human chorionic gonadotropin deter- 
minations show a sensitivity of nearly 100%. Therefore 
the diagnosis of ectopic pregnancy may be ruled out 
when human chorionic gonadotropin is not detectable. 
Sandvei et al.? have reported, in a study of 100 cases, 
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Table II. Human chorionic gonadotropin, estradiol, progesterone, and 17-hydroxyprogesterone in the 
serum of patients with ectopic pregnancy of 7 or 8 weeks and in the sera of normal pregnancies paired 


for human chorionic gonadotropin concentration 


Ectopic pregnancies 
Human 
chorionic 17-Hydroxy- 
gonadotropin Estradiol Progesterone progesterone 
(ngiml) (ng/ml) (ng/ml) 
4.2 0.11 2.5 ~ 
52 0.04 0.8 ~ 
71 0.16 2.9 — 
115 0.11 6.2 1.5 
121 0.19 6.6 ~ 
225 0.20 12.1 2.4 
262 0.14 9.4 ~ 
653 0.12 15.2 L2 
698 0.29 16.8 3.7 
880 0.46 2:9 — 
900 0.37 15.6 2.3 
1,010 0.60 4.3 0.8 
1,078 0.35 16.7 ~ 
1,277 0.13 13.2 1.5 
1,410 0.11 6.1 0.7 
1,607 0.32 10.2 2.0 
1,629 0.21 7.9 A3 
1,664 0.14 10.2 1.3 
1,736 0.54 19.8 3.8 
1,985 0.13 ~ 1 
3,018 0.40 11.5 — 
15,030 — 15.0 — 





Normal pregnancies 
Human 
chorionic 17-Hydroxy- 
gonadotropin Pragesterone progesterone 
(ng/ml) (ngiml) (ng/ml) 
4.4 0.26 23.0 5.1 
52.5 0.42 37.5 6.4 
68 0.41 24.5 5.7 
111 0.25 317 3.6 
133 0.24 8.3 4.9 
225 . 0.59 ai 10.6 
262 0.36 38.0 5.6 
638 0.58 40.0 6.3 
702 0.37 19.0 5.3 
880 0.32 15.9 2.] 
910 0.63 25.2 5.4 
1,000 0.80 30.5 6.1 
1,072 0.45 18.7 4.6 
1,300 0.85 39.7 — 
1,447 0.60 17.6 5.1 
1,604 0.49 14.5 2.3 
1,633 0.47 21.6 7.2 
1,691 0.39 24.0 4.1 
1,757 0.78 25.0 7.0 
1,963 0.90 15.6 4.9 
3,056 0.46 31.5 — 
15,000 0.88 17.4 4.2 


Table III. Predictive value of serum progesterone determination in early pregnancy 


Pregnancy outcome 


Normal 64 

Abnormal 
Ectopic 9 
Abortion 4) 54 
Blighted egg 3 
Hydatidiform mole J 

Total 118 


Serum progesterone 


<15 ng/ml >15 ng/ml Total 


514 578 
2 
21 
7 30 84 
544 662 





on three patients with undetectable serum human cho- 
rionic gonadotropin levels. These were “devitalized” 
ectopic pregnancies. In the present investigation, only 
one patient had a human chorionic gonadotropin level 
that decreased from 10 ng/ml to undetectable; the di- 
agnosis of tubal pregnancy was made fortuitously when 
laparoscopy and a microsurgical procedure were per- 
formed to manage a problem of infertility. 

The “vitality” of ectopic pregnancy that eventually 
ruptures is probably better than that of those that do 
not rupture. This could explain both the higher hor- 
mone secretion and the trophoblastic proliferation 
leading to the tubal rupture. 

As could be expected, luteal insufficiency is also as- 


sociated with ectopic pregnancy. Most serum estradiol, 
progesterone, and 17-hydroxyprogesterone levels are 
lower than the mean normal values, with more than 
80% of the data below the tenth percentile (Figs. 1, 2, 
and 3). Despite the presence of detectable amounts of 
human chorionic gonadotropin, which is presumed to 
stimulate the corpus luteum, the concentrations of 
these steroids were even lower than those in a normal 
luteal phase. The luteal insufficiency observed in ec- 
topic pregnancy cannot be explained by the sole 
decrease of human chorionic gonadotropin. Indeed 
Fig. 4, which is derived from the data presented in 
Table II, shows that the concentration of ovarian ste- 
roids in ectopic pregnancy reaches only one third of 
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that observed in normal intrauterine pregnancy al- 
though both groups have been paired for identical hu- 
man chorionic gonadotropin levels. 

Such low values probably reflect the fact that, even 
in early pregnancy, a significant part of the so-called 
“ovarian steroids” is no longer secreted by the corpus 
luteum but by the trophoblastic tissue,’ the vitality of 
which is critically reduced in ectopic pregnancy. How- 
ever, other mechanisms may be involved in the reduc- 
tion of steroid concentrations; for instance, one may 
suggest that insufficient stimulation of corpus luteum 
by human chorionic gonadotropin since the early 
stages of ectopic pregnancy induces its precocious se- 
nescence. 

In cases of ectopic pregnancy the subsequent fertility 
of the patient is closely related to the time of the di- 
agnosis. Therefore any investigation that could help an 
early diagnosis should be taken into consideration, par- 
ticularly in patients at risk. To that regard the systematic 
quantitative determination of serum human chorionic 
gonadotropin levels is certainly a good precaution. The 
effectiveness of the human chorionic gonadotropin as- 
say could be improved by serial determination as sug- 
gested by Kadar et al.° Indeed the interpretation of a 
single result may be difficult, especially in the case of 
an unreliable date of last menstrual period. Another 
way to improve an early diagnosis of ectopic pregnancy 
could be the simultaneous determination of human 
chorionic gonadotropin and progesterone. In normal 
pregnancy the progesterone level remains quite stable 
during the first weeks'®; therefore a single result can 
be interpreted, even in the absence of an accurate ges- 
tational age, while this is not true for human chorionic 
gonadotropin. In the present investigation 84% of the 
first progesterone determinations fell below the tenth 
percentile (15 ng/ml). To assess the predictive value of 
the progesterone assay for an early diagnosis of ectopic 
pregnancy and threatened abortion, a prospective 
study was performed during a period of 15 months. 
During that period human chorionic gonadotropin and 
ovarian steroids were measured systematically at the 
first visit in 662 patients with a gestational age of <& 
weeks. The correlation between progesterone concen- 
tration and pregnancy outcome is presented in Table 
III. As shown in that table a cutoff at 15 ng/ml gives a 
specificity of 88.9% (514 of 578) and a sensitivity of 
64.7% (54 of 84). The predictive value for a proges- 
terone level >15 ng/ml (percent of normal outcomes 
when progesterone concentration is normal) reaches 
94.4% (514 of 544); that for a progesterone level <15 
ng/ml (percent of abnormal pregnancies when proges- 
terone concentration is subnormal) stands at 45.7% (54 
of 118). The results of that prospective study confirm 
that the determination of the serum progesterone con- 
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Fig. 4. Mean concentration of human chorionic gonadotropin 
(HCG), estradiol (E), progesterone (P), and 17-hydroxypro- 
gesterone (17OHP) in the serum of patients with normal (open 
column) and ectopic (hatched column) pregnancy. Samples have 
been paired for human chorionic gonadotropin concentra- 
tion. Results are presented as percent of the geometric mean 
from the control group. 


centration in early pregnancy is a valuable tool for the 
screening of ectopic pregnancies and spontaneous 
abortions. However, it should be emphasized that hu- 
man chorionic gonadotropin assays cannot be replaced 
by progesterone assays; tne former remains essential 
to assume the presence of trophoblastic tissue some- 
where in the patient, and the latter only provides some 
quantitative information on the “vitality” of the preg- 
nancy. It is also clear that as soon as an intrauterine 
pregnancy can be visualized by ultrasonography such 
a policy is no longer necessary as regards the diagnosis 
of an ectopic pregnancy.” '' However, hormonal inves- 
tigations are of value in cases of threatened abortion 
or other abnormal bleeding.’* ” 
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Pregnancy-induced changes in the fibrinolytic balance: 
Evidence for defective release of tissue plasminogen activator 
and increased levels of the fast-acting tissue plasminogen 


activator inhibitor 


Margaret Gore, M.D., Susan Eldon, A.B., Kenneth F., Trofatter, M.D., Ph.D., 
Seng-Jaw Soong, Ph.D., and Salvatore V. Pizzo, M.D., Ph.D. 


Durham, North Carolina, and Birmingham, Alabama 


Pregnancy is accompanied by an increased risk of thromboembolic disease. One contributing factor to 
such disease in the nonpregnant patient is disordered fibrinolysis. it has been suggested that defective 
fibrinolysis may occur in pregnancy, but this defect has been poorly characterized. In the present stucy of 
52 women with normal pregnancies and 56 nonpregnant control women, we found a marked change in 
levels of releasable tissue plasminogen activator in pregnant women beginning in the first trimester. 
Whereas nonpregnant women demonstrated releasable levels of tissue plasminogen activator of 

0.74 + 0.15 IU/ml of plasma, in the pregnant women the amount released was only 0.06 + 0.02 IU/ml of 
plasma (p < 0.01). These levels were observed beginning in the first trimester. Levels of the recently 
described fast-acting tissue plasminogen activator inhibitor increased significantly throughout pregnancy. 
Values ranged from 8.40 + 0.27 IU/ml of plasma in the first trimester to 9.92 + 0.09 IU/ml of plasma in 
the third trimester (p < 0.05) compared with the level of 8.46 + 0.19 IU/ml of plasma in nonpregnant 
subjects: These data suggest that alterations both in releasable tissue plasminogen activator and in the 
fast-acting tissue plasminogen activator inhibitor contribute to the physiologic Hypercoagulable state of 


pregnancy. (AM J OBSTET GYNECOL 1987;156:674-80.) 


Key words: Fibrinolysis, tissue plasminogen activator, tissue plasminogen activator inhibitor, 


pregnancy 


Uncomplicated pregnancies are accompanied by hy- 
percoagulability and an increased risk of thromboem- 
bolic disease.’ * Estimates of the incidence of throni- 
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boembolic disease in pregnant women have varied be- 
tween 0.3 and 14 pér 1000 pregnancies.** Thrombosis 
is rare in the first trimester, and most events are noted 
in the last trimester. Interestingly, some patients dem- 
onstrate a thrombotic event in the face of a hemor- 
rhagic tendency. In one study 46% of the pregnant 
women who had pulmonary emboli also demonstrated 
a hemorrhagic diathesis.° Complications included pel- 
vic and perinéal hematomas and placenta previa. A 
number of coagulation alterations are observed during 
pregnancy, including altered platelet function and in- 
creased plasma levels of fibrinogen and factors VII, 
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VIII, IX, X, and XIL.’ Moreover, increased fibrinogen 
catabolism has been documented by a rise in plasma 
fibrin monomer complexes and split products.'* It has 
been suggested that this hypercoagulability is a normal 
consequence of the need to protect the placental im- 
plantation site.’ 

Whereas levels of coagulation factors increase in 
pregnancy, deranged fibrinolysis may also contribute 
to the hypercoagulable state.’'* The nature of this al- 
tered balance is uncertain because the studies were per- 
formed with integrative assays of fibrinolysis such as 


the euglobulin lysis time or fibrin plate assay. Consid- ` 


erable advances in fibrinolytic research have been made 
during the last few years, and greatly improved and 
more specific assays of fibrinolysis are available.** It is 
necessary, in addition to measuring baseline plasmin- 
ogen activator levels, to stimulate release of tissue-type 
plasminogen activator from blood vessels. Little of 
this substance is found in the unperturbed circulation, 
yet the level of releasable tissue plasminogen activa- 
tor bears the closest correlation to a thrombotic dis- 
order.** 

More recently, alterations in a newly discovered fast- 
acting tissue plasminogen activator inhibitor have been 
described in conjunction with thromboembolic dis- 
eases.” *® This inhibitor is the major plasma inhibitor of 
tissue plasminogen activator as well as urokinase. The 
remaining plasma proteinase inhibitors, such as a,-mac- 
roglobulin, a,-antiproteinase, antithrombin III, and a,- 
plasmin inhibitor, inactivate tissue plasminogen acti- 
vator at a relatively slow rate. Since tissue plasminogen 
activator clears from blood with a half-life of only 2 
minutes, such inhibitors would have little opportunity 
to bind tissue plasminogen activator.’ A recent study 
has suggested an increase in the plasma inhibitory ca- 
pacity for tissue plasminogen activator, particularly in 
the third trimester of pregnancy." 

Finally, alterations of vitamin K-—dependent pro- 
tein C have been associated with altered fibrinolysis in 
several families with idiopathic thromboembolic disease 


and in experimental models.'' Levels of this protein, ` 


however, remain normal in pregnancy, even in the third 
trimester." In the present study we have focused on 
measurement of tissue plasminogen activator and its 
inhibitor. In all, plasma from 52 pregnant women, 56 
nonpregnant women, and 62 men were compared by 
means of a new and more specific fibrin-stimulated tis- 
sue plasminogen activator assay.® 7 


Material and methods 


Subjects. The pregnant population consisted of 52 
women with no evidence of preeclampsia, eclampsia, 
or overt thromboembolic disease. All subjects had 
reached at least 10 weeks’ gestation before the study 
was begun. The population’s mean age was 24.5 + 5.3 
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years (SD). The only basis for excluding a subject was 
refusal to participate in the study or inability to obtain 
a blood sample. The control group consisted of 56 non- 
pregnant women with a mean age of 26.3 + 4.8 years. 
None of these women had a history of thromboembolic 
disease, and none was receiving hormonal supple- 
ments. None had been pregnant within 1 year of the 
study. In addition, 62 normal men were included for 
comparison. Blood was taken from all subjects after 
informed consent was obtained, in accordance with a 
protocol approved by the Human Experimentation 
Committee at Duke University Medical Center. Pre- 
vious studies demonstrated no differences in releasable 
tissue plasminogen activator*’ on the basis of blood 
group, race, age, or sex. In the present study data were 
not stratified for blood group or race. The age differ- 
ence in study and control subjects was <2 years and 
was not further analyzed. 

Fibrinolytic assays. Blood samples were obtained be- 
fore and after 5 minutes of venous occlusion at a pres- 
sure midway between systolic and diastolic, as previ- 
ously described.*’ The samples were quick-frozen in 
dry ice—ethanol and kept at — 80° C until assayed. The 
plasma was subjected to euglobulin fractionation and 
then reacted with plasminogen and the plasmin sub- 
strate D-valine-leucine-lysine-p-nitroanilide hydrochlo- 
ride, as previously reported.’ The assay was modified 
by addition of 10 yl of fibrin monomer (3.75 mg/ml) 
to each 500 yl assay sample. Fibrin monomer was pre- 
pared as previously described." Substrate hydrolysis 
was monitored by absorbance at à = 405 nm. A tissue 
plasminogen activator standard curve was constructed 
with a National Institute of Biological Standards control 
tissue plasminogen activator preparation (No. 83/517), 
generously supplied by Dr. Henry Berger of the Well- 
come Research Laboratories. Fast-acting tissue plas- 
minogen activator inhibitor was assayed as previously 
reported” è by titration of the plasma inhibitor with 
purified tissue plasminogen activator (to a final theo- 
retical plasma concentration of 10 U/ml). In this assay 
the concentration of one component (tissue plasmin- 
ogen activator) of the bimolecular reaction must be held 
constant in order to estimate the second component 
(tissue plasminogen activator inhibitor).’ This method 
may result in an underestimation of levels if the amount 
of tissue plasminogen activator added is insufficient to 
react with all of the inhibitor. As previously reported, 
this assay generally has been performed by addition of 
tissue plasminogen activator at a concentration of 2 
IU/ml of plasma. We recently modified the assay by the 
addition of 5 IU/ml of plasma.’ Under these conditions 
higher apparent levels of the inhibitor were noted.’ In 
the present ‘study assays were initially performed by 
addition of tissue plasminogen activator at a concen- 
tration of 5 IU/ml of plasma. When these same plasma 
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Fig. 1. Comparison of mean tissue plasminogen activator levels 
for pregnant women and control subjects. The open bar rep- 
resents preocclusion levels of activator and the hatched bar, the 
postocclusion values. In A the controls are divided by sex, 
whereas in B a comparison is made to all 118 control subjects. 


samples were titrated with 10 [U/ml of plasma, the ap- 
parent inhibitor concentrations were often more than 
twofold higher but appeared to have reached a plateau. 
For this reason we have performed the assay by addition 
of tissue plasminogen activator at a concentration of 10 
IU/ml of plasma to each sample of plasma. The same 
concentration of tissue plasminogen activator must be 
added to each sample or the assumptions for a bimo- 
lecular reaction mechanism will not be met.’ 

Statistical analysis. Student’s ¢ test, the paired t test, 
and Duncan’s multiple range test were used in the sta- 
tistical analyses, as indicated in the footnotes to the 
tables. For proper adjustment of significance level in 
the comparisons of all pairs of means involving more 
than two groups, Duncan’s test was used. Mean values 
are reported along with the standard error of the mean, 
and all the statistical tests used were based on a two- 
tailed test. 
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Fig. 2. Comparison of releasable tissue plasminogen activator 
levels for pregnant women and control subjects. A compares 
the pregnant subjects with men end nonpregnant women sep- 
arately. In B comparison is made with all 118 control subjects. 


Results 


Tissue plasminogen activator. The mean values for 
plasma activator levels are presented in Fig. 1. Preoc- 
clusion levels of activator were essentially equivalent. 
By contrast, there was a significant difference (p < 
0.01) between postocclusion levels of activator when 
pregnant women were compared with either nonpreg- 
nant women or men. Some of the activator present in 
plasma is urokinase-like, and subtraction of preocclu- 
sion from postocclusion plasma levels more clearly re- 
flects release of vascular stores of tissue plasminogen 
activator.”’ Data on releasable tissue plasminogen ac- 
tivator are presented in Fig. 2. 

These data were then analyzed for statistical signif- 
icance (Table I). As anticipated, there was no significant 
difference between men and pregnant or nonpregnant 
women when preocclusion data were analyzed, with the 
mean values ranging from 0.16 + 0.02 to 0.18 + 0.02 
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Table I. Comparison of levels of plasminogen activators in pregnant women, nonpregnant women, 
and men | 









Pregnant 


Preocclusion activator 0.16 + 0.027 0.18 + 0.02 

Postocclusion activator 0.22 + 0.03 0.84 + 0.16 

Releasable tissue plasminogen 0.06 + 0.02 0.60 + 0.14 
activator 

Fast-acting tissue plasminogen 8.99 + 0.17 8.63 + 0.22 


activator inhibitor 


*By Duncan’s multiple range test. 
Mean + SE. 


Control subjects 


women Men 
(n = 52) (n = 62) 
(IU/ml) (IU/ml) 









Nonpregnant women 
(n = 56) 
(I U/ml) 





Comparisons* 





0.10 + 0.02 No significant differences among 

| 3 groups 

No significant difference be- 
tween control men and 

women; patients vs. control 
men: p < 0.01; patients vs. 
control women: p < 0.01 

No significant difference be- 
tween control men and 
women, patients vs. control 
men: p < 0.01; patients vs. 
control women: p < 0.01 

No significant differences among 
3 groups 


0.91 + 0.16 
0.74 + 0.15 


8.46 + 0.19 


Table II. Comparison of levels of plasminogen activators in pregnant women and all 


nonpregnant individuals 





Pregnant women 


(n = 52) 
Measurement (IU/ml) 
Preocclusion activator -0.16 + 0.02 
Postocclusion activator 0.22 + 0.03 
Releasable tissue plasminogen 0.06 + 0.02 
activator 
Fast-acting tissue plasminogen 8.99 + 0.17 


activator inhibitor 


*By Student’s ż test. 
+Mean + SE. 


IU/ml of plasma. When postocclusion data were com- 
pared values in the pregnant women (0.22 + 0.03 
IU/ml of plasma) were some fourfold lower than values 
for either men (0.84 + 0.16 IU/ml of plasma) or non- 
pregnant women (0.91 + 0.16 1U/ml of plasma). These 
differences were clearly reflected in the values of re- 
leasable tissue plasminogen activator that we calculated. 
Levels for pregnant women demonstrated a mean of 
only 0.06 + 0.02 IU/ml of plasma compared with val- 
ues of 0.60 + 0.14 IU/ml of plasma in men (p< 
0.01) or 0.74 + 0.15 IU/ml of plasma in nonpregnant 
women (p< 0.01). These data reflect a tenfold to 
twelvefold decline in levels of releasable tissue plas- 
minogen activator during pregnancy. 

Since comparison of data for men and nonpregnant 
women demonstrated no significant differences for 
preocclusion or postocclusion levels of releasable tissue 
plasminogen activator, the two groups were combined 


Men and 
nonpregnant women 
(n = 118) 

(IU/ml) 





Comparisons* 


0.17 +.0.01 No significant difference 
0.87 + 0.11 p < 0.001 
0.70 + 0.10 p < 0.001 
8.55 + 0.15 No significant difference 


and data compared for the entire group versus preg- 
nant subjects (Table II). Since men tended to demon- 
strate slightly lower levels of releasable tissue plasmin- 
ogen activator, this comparison would tend to weigh 
the interpretation against the difference hypothesis. 
However, the same results were obtained with an av- 
erage releasable tissue plasminogen activator about 
elevenfold lower during pregnancy. 

The data in Tables I and II may be interpreted as 
normal levels of plasminogen activators in.a group of 
healthy subjects assayed by use of the most specific as- 
says currently available and with fibrin monomer to 
stimulate tissue plasminogen activator. It is the largest 
group of normal individuals yet reported, with only a 
handful of subjects previously described by this type of 
assay. | 

The data from the pregnant subjects also were strat- 
ified by trimester of pregnancy (Table III). The acti- 
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Table III. Comparison of levels of plasminogen activators and fast-acting tissue plasminogen activator 


inhibitor by trimester of pregnancy 


Trimester 


1 2 3 
(n = 20) (n = 17) (n = 15) 


Measurement 
Preocclusion activator 0.15 + 0.03 0.14 + 0.02 
Postocclusion activator 0.23 + 0.08 0.18 + 0.02 
Releasable tissue plasminogen 0.08 + 0.06 0.04 + 0.01 
activator 
Fast-acting tissue plasminogen 8.40 + 0.27 8.84 + 0.35 


activator inhibitor 


*By Duncan’s multiple range test. 


Comparisons* 


0.19 + 0.04 No significant difference among 3 groups 
0.25 + 0.05 No significant difference among 3 groups 
0.06 + 0.02 No significant difference among 3 groups 
9.92 + 0.09 1 vs. 2: no significant difference; 1 vs. 3: 


p < 0.05; 2 vs. 3: p < 0.05 


Table IV. Comparison of levels of plasminogen activators before and after delivery* 


Before delivery 





After delivery 


Releasable Tissue Releasable Tissue 
tissue plasminogen tissue plasminogen 
Before After plasminogen activator Before After plasminogen activator 
occlusion occlusion activator inhibitor occlusion occlusion activator inhibitor 
Subject No. (IU/ml) (IU/ al) (LU/mi) (Ulimi) (IUlml) (IU/ml) (IU/ml) (U/ml) 
] 0.12 0.13 0.01 9.94 0.22 0.63 0.41 9.73 
2 0.06 0.09 0.03 8.25 0.22 0.23 0.01 6.12 
3 0.07 0.29 0.22 8.68 1.46 1.73 0.27 8.74 
4 0.16 0.24 0.08 9.89 0.49 1.77 1.28 9.25 
5 0.22 0.32 0.10 9.16 0.23 0.56 0.23 8.36 
6 0.19 0.39 0.20 8.99 0.32 2.04 1.72 9.66 
7 0.20 0.31 0.11 9.83 0.17 0.50 0.37 7.89 
Mean values 0.15 + 0.01 0.25 + 0.02 0.11 + 0.01 9.25011 0.44 +0.07 1.07 +011 O61 +0.11 8.54 + 0.21 


+SEM 


*Comparisons of prepartum and postpartum values with respect to preocclusion, postocclusion, and releasable tissue plasmin- 
ogen activator were all statistically significant (p < 0.01) by paired ¢ test. 


vator levels measured in the preocclusion and postoc- 
clusion samples as well as the calculated releasable tissue 
plasminogen activator demonstrated no significant dif- 
ferences. It 1s concluded that the changes in vascular 
stores of tissue plasminogen activator decline rapidly 
in pregnancy (at least from week 10) and then remain 
at low levels. 

Plasminogen activators in the postpartum period. 
During the course of this study seven women reached 
term and were delivered of their neonates, offering an 
opportunity for assessment of tissue plasminogen ac- 
tivator in the immediate postpartum period. In these 
subjects blood was drawn 2 days after delivery. Al- 
though the numbers are small a dramatic change oc- 
curred after delivery (Table IV). Values for both preoc- 
clusion and postocclusion samples were increased after 
delivery, and releasable tissue plasminogen activator 
returned to near-normal levels by this time (p < 0.01). 

Fast-acting tissue plasminogen activator inhibitor. 
Measurements of the fast-acting tissue plasminogen ac- 
tivator inhibitor present in plasma were obtained on 
the preocclusion plasma samples for the entire study 


group. These data indicate that men and nonpregnant 
women have essentially the same levels of circulating 
inhibitor (Table I). When the entire study group of 
pregnant women was considered, levels of inhibitor 
were not significantly altered, 8.99 + 0.17 [U/ml of 
plasma versus 8.63 = 0.22 [U/ml of plasma for men 
and 8.46 + 0.19 IU/ml of plasma for nonpregnant 
women. However, when the data were stratified by 
trimester it became evident that levels of inhibitor rise 
with each trimester (Table I), with the largest differ- 
ence occurring between the second and third trimes- 
ters. Comparison of either the first or second trimester 
versus the third trimester yielded a statistically signif- 
icant difference (p < 0.05). Overall, inhibitor activity 
rose from 8.40 + 0.27 IU/ml of plasma in the first 
trimester to 9.92 + 0.09 IU/ml of plasma in the third 
trimester. 

Levels of tissue plasminogen activator inhibitor were 
also measured in the seven available subjects after de- 
livery (Table IV). Overall, for these women inhibitor 
levels fell from 9.25 + 0.11 IU/ml of plasma in the 
third trimester of pregnancy to 8.54 + 0.21 IU/ml of 
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plasma immediately after delivery. A trend is clearly 
evident in these data but does not reach the level of 
Statistical significance (p = 0.10). 


Comment 


Previous studies have indicated alterations in both 
procoagulants and fibrinolytic activity during preg- 
nancy.’ ? Most procoagulants increase in concentration 
during pregnancy,” but the effect on fibrinolysis ap- 
pears selective. Plasminogen levels increase signifi- 
cantly during pregnancy, peaking at week 28 of preg- 
nancy.” Levels remain elevated through about the first 
8 weeks after delivery.’ By contrast, total fibrinolytic 
activity decreases as assessed by integrative assays of 
fibrinolysis, namely, the euglobulin lysis time’? or the 
fibrin plate method. These data suggested that plas- 
minogen activator levels might decrease in pregnancy; 
however, they are indirect measurements, and deter- 
mination of activator is at best only semiquantitative. 
More recently, it has been suggested that tissue plas- 
minogen activator inhibitor levels increase throughout 
pregnancy, particularly in the last trimester. However, 
in this study only 2 IU tissue plasminogen activator per 
milliliter was added to titrate the inhibitor, and a num- 
ber of normal subjects may exceed such levels, resulting 
in a spurious value for the inhibitor. In a subsequent 
study we found that this amount of tissue plasminogen 
activator was insufficient to titrate all the mhibitor.’ 

In the present study we have applied readily quan- 
tifiable assays of tissue plasminogen activator and its 
specific inhibitor to plasma from pregnant women and 
have compared the observed levels with those found in 
men and nonpregnant women. The inhibitor assay 
used a large excess of tissue plasminogen activator, 10 
IU/ml, to titrate the inhibitor so that it is unlikely that 
inhibitor levels were underestimated. To date, this 
group {n = 118) 1s the largest cohort of normal subjects 
surveyed for tissue plasminogen activator and its newly 
described fast-acting inhibitor. These assays make it 
possible to dissect the nature of the fibrinolytic defect 
of pregnancy. 

Our data indicate that a profound suppression in 
release of vascular tissue plasminogen activator occurs 
throughout the course of pregnancy. The limited data 
available after delivery suggest that there is a rapid 
return to normal levels of releasable activator. Basal 
levels of activator may actually be elevated immediately 
after delivery. These changes may be mediated by a 
number of pregnancy-associated changes in hormonal 
regulation. The elevation in plasma estrogen levels seen 
in pregnancy may suppress vascular stores of tissue 
plasminogen activator, although most data suggesting 
such a correlation relate to synthetic rather than natural 
estrogens.” The fall in estrogens around parturition 
may result in a rapid rebound in releasable tissue plas- 
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minogen activator. Rising levels of plasma oxytocin may 
also contribute to high basal levels of plasminogen ac- 
tivators because homologous peptides such as vaso- 
pressin and its analogues will trigger tissue plasmino- 
gen activator release. Similarly, increases in plasma 
epinephrine concentration, likely to occur with the 
stress of delivery, also trigger release of vascular acti- 
vator stores.’° 

The rise in plasma inhibitor levels may correlate with 
changes in the placenta itself. This tissue is a rich source 
of fibrinolytic inhibitors,"? and during the course of its 
maturation it may secrete increasing levels of inhibitors 
such as we‘observed in the third trimester. In this re- 
gard it is interesting to consider a possible role for 
defective production of placental inhibitor in the etiol- 
ogy of abruptio placentae or premature placental sep- 
aration. In‘this setting there would be available circu- 
lating tissue plasminogen activator in the presence of 
high circulating plasminogen levels that might make 
the patient:more prone to bleeding. Such bleeding in 
the retroplacental area may contribute to placental sep- 
aration. 

The rise in tissue plasminogen activator inhibitor 
levels observed in the present report is not as great as 
in the one ‘previous study of this factor.’ This differ- 
ence may reflect variations in the assay conditions as 
this earlier study may not have used an adequate con- 
centration of tissue plasminogen activator to quench all 
of the inhibitor present. It is apparent from the values 
reported’® that a concentration of tissue plasminogen 
activator higher than the 2 [U/ml initially specified 
must have;been added to some of the samples since 
values for, inhibitor sometimes exceeded 2 [U/ml 
plasma. The kinetics of a bimolecular reaction require 
that one component be kept constant; otherwise the 
values may-not be comparable. The present study sug- 
gests that the rise in tissue plasminogen activator in- 
hibitor is not sufficient to account for the profound 
suppression in tissue plasminogen activator levels that 
was observed. This is particularly pertinent as this 
suppression was observed throughout pregnancy, 
whereas the inhibitor rise was seen only in the third 
trimester. Our data also suggest that tissue plasminogen 
activator inhibitor returns to nonpregnant levels rela- 
tively rapidly, although the data do not reach statistical 
significance at 2 days after delivery (p = 0.10). A major 
problem in'this regard is the timing of the blood draw- 
ing during‘the third trimester. It is quite possible that 
levels would be higher than those we report if sampling 
were performed just before delivery. It would be very 
difficult to,control for this variable since an extensive 
effort would be required to obtain multiple samples in 
the last trimester. It is apparent, however, that return 
to basal levels must occur over days rather than weeks. 

Taken with previous studies, the present observations 
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suggest that a true hypercoagulable state exists in preg- 
nancy. The immediate postpartum period presents the 
possibility of a rebound phenomenon since it is a time 
when high levels of plasminogen* may not be counter- 
balanced by low activator levels and high levels of in- 
hibitor. It is conceivable that such alterations could at 
times contribute to postpartum bleeding in marked 
contrast to the prepartum thromboembolic tendency. 
These observations do not rule out the possibility that 
some women may remain in a hypercoagulable state 
for some weeks after delivery since a number of the 
procoagulant proteins such as fibrinogen and factor X 
remain elevated after delivery.* In many subjects as 
many as 8 weeks are required before the coagulation 
system returns to a normal balance. These hypotheses 
appear consistent with the paradox observed in some 
women in the early postpartum period who suffer a 
thromboembolic event while also manifesting a bleed- 
ing diathesis. 


We thank Connie E. Hughes, R.N., for collecting 
blood samples from the subjects reported in this study. 
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The effects of human chorionic gonadotropin on growth and 
steroidogenesis of the human fetal adrenal gland in vitro 


Maysan Abu-Hakima, B.Sc., Charlotte L. Branchaud, Ph.D., 
Cynthia G. Goodyer, Ph.D., and Beverley E. Pearson Murphy, M.D., Ph.D.* 


Montreal, Quebec, Canada 


This study examined the effects of human chorionic gonadotropin, adrenocorticotropin, human luteinizing 
hormone, and mouse epidermal growth factor on growth (thymidine incorporation) and steroidogenesis 
(dehydroepiandrosterone sulfate production) of human fetal zone adrenal cells in monolayer culture. Two 
preparations of human chorionic gonadotropin extracted from pregnancy urine were used, one highly 
purified (National Institutes of Health, CR-121) and one less pure (Sigma). Thymidine incorporation was 
increased twofold to tenfold in cultures exposed to the Sigma human chorionic gonadotropin preparation or 
to mouse epidermal growth factor as compared to control. Pure National Institutes of Health human 
chorionic gonadotropin and luteinizing hormone had no effect on growth. When adrenocorticotropin was 
added alone or in combination with Sigma human chorionic gonadotropin or mouse epidermal growth 
factor, growth was decreased. Dehydroepiandrosterone sulfate production was stimulated by 
adrenocorticotropin but not by human luteinizing hormone, human chorionic gonadotropin, or mouse 
epidermal growth factor. These results suggest that human pregnancy urine contains a growth factor which 
remains to be identified but that pure human chorionic gonadotropin has no mitogenic or steroidogenic 
effects on the cultured fetal zone cells of the human fetal adrenal! gland. (AM J OBSTET GYNECOL 


1987;156:681-7.) 


Key words: Fetal adrenal, growth, steroidogenesis, human chorionic gonadotropin, 


adrenocorticotropin 


The unique pattern of growth and development as 
well as the steroidogenic capacity of the human fetal 
adrenal is well recognized,’ but little is known about 
what regulates these activities in the definitive and fetal 
zones. Although a functional pituitary is important for 
maintenance of the fetal adrenal in the later stages of 
pregnancy, the normal appearance of the gland up to 
about 16 weeks in anencephalic fetuses? and the rapid 
involution of the fetal zone after birth® has suggested 
that extrapituitary factors may be involved in its de- 
velopment during early gestation. 

Adrenocorticotropin (ACTH) ts the principal pitu- 
itary factor controlling fetal adrenocortical function. 
There is also evidence that other peptides may be in- 
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volved, including the placental hormone, human cho- 
rionic gonadotropin (hCG).**® However, reports of the 
effects of hCG on growth and steroidogenesis in the 
fetal adrenal have been conflicting.*’ 

In the present study, fetal zone cells of adrenal glands 
from midgestation human fetuses were maintained in 
monolayer culture. Growth and steroidogenic activity 
of these cells were examined during chronic exposure 
to a pure and an impure preparation of hCG, ACTH, 
human luteinizing hormone, or mouse epidermal 
growth factor. Growth was assessed by measuring the 
incorporation of tritiated thymidine into deoxyribo- 
nucleic acid, and steroidogenesis was characterized by 
dehydroepiandrosterone sulfate production. 


Material and methods 


Materials. ACTH'* (pACTH) (Duracton, a long-act- 
ing preparation of porcine ACTH containing carboxy- 
methylcellulose; 1 mU is approximately equivalent to 
10 ng of synthetic human ACTH) was purchased from 
Nordic Biochemical Laboratories (Montreal, Quebec). 
Mouse epidermal growth factor was obtained from Col- 
laborative Research (Lexington, Massachusetts) and 
purified hCG (CR-121) and human luteinizing hor- 
mone (LER-960) from the National Hormone and Pi- 
tuitary Program of the National Institute of Arthritis, 
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Diabetes, and Digestive and Kidney Diseases, National 
Institutes of Health (NIH), Bethesda, Maryland. The 
less pure hCG was obtained from Sigma Chemical Co. 
(St. Louis, Missouri); this is a crude preparation from 
human pregnancy urine involving minimal purification 
and displays a number of bands on electrophoresis 
(Sigma, personal communication). Ham’s F-10 pow- 
dered culture medium and heat-inactivated fetal bovine 
serum were purchased from Grand Island Biological 
Company (Burlington, Ontario), amphotericin B ( Fun- 
gizone) from Squibb Canada, Inc. (Montreal, Quebec), 
penicillin G (Crystapen) from Glaxco Laboratories 
(Montreal, Quebec), and gentamicin (Garamycin) from 
Schering (Pointe Claire, Quebec). Collagenase (type IA) 
and deoxyribonuclease were obtained from Sigma 
Chemical Co. (St. Louis, Missouri) and multiwell cul- 
ture plates from Falcon Plastics (Los Angeles, Califor- 
nia). Tritiated thymidine and dehydroepiandrosterone 
sulfate were purchased from New England Nuclear 
Canada Ltd. (Lachine, Quebec), and antiserum to de- 
hydroepiandrosterone sulfate was obtained from En- 
docrine Sciences (Tarzana, California). 

Preparation of monolayer cultures. Human fetal ad- 
renal glands were obtained at the time of therapeutic 
abortion by dilatation and curettage (Department of 
Obstetrics and Gynecology, Hopital Notre-Dame, with 
approval from the local institutional ethics committees). 
Fetal age (gestational age less 2 weeks) was determined 
according to foot length.’ The glands were placed in 
sterile vials containing cold Ham's F-10 medium and 
antibiotics and transported on ice to the laboratory. 

After removal by dissection of any surrounding con- 
nective tissue, the capsule including the definitive zone 
was carefully removed from each gland. The remaining 
fetal zone was minced in dispersion medium consisting 
of 1 mg/ml collagenase and 0.1 mg/ml deoxyribonu- 
clease in Ham’s F-10 containing 10% fetal bovine serum 
and antibiotics. The cells were harvested every 20 min- 
utes, spun down, and the pellet resuspended in culture 
medium (Ham’s F-10 supplemented with 10% fetal bo- 
vine serum and antibiotics: 5 g/ml of amphotericin B, 
200 IU/ml of penicillin G, and 40 pg/ml of gentamicin). 
After two rinses the cells were distributed in multiwell 
(1.9 cm?) plates in a volume of 0.5 ml (6 to 9 x 10° 
cells) per well. The plates were then incubated at 
37° C in a humidified atmosphere with 5% carbon diox- 
ide in air. 

After 24 hours an additional 0.5 ml of culture me- 
dium was added. After 48 hours the plating medium 
was discarded and replaced with fresh medium. For the 
duration of each experiment the spent media were col- 
lected daily and replaced with 1 ml of fresh medium. 
Test substances were added directly to the culture wells 
in 20 wl of normal saline solution. Three experiments 
were performed, each with use of adrenals from two 
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fetuses. The ages of the fetuses in experiment 1 were 
14 and 15 weeks, in experiment 2 they were 13 and 15 
weeks, and in experiment 3 they were 1] and 11.5 
weeks. Experimental design was dictated by the amount 
of tissue available at any one time. 

Tritiated thymidine incorporation. Growth of the 
fetal adrenal cells in culture was assessed by thymidine 
incorporation into deoxyribonucleic acid. During a pe- 
riod of active proliferation, before the cultures had 
reached confluence, each well received 1.0 ml of culture 
medium containing the appropriate test substance and 
1 Ci of methyl-tritiated thymidine. The media were 
collected after 24 hours, and each well was rinsed three 
times with saline solution. To detach the cells, 0.5 ml 
of 0.6N sodium hydroxide was added to each well and 
the plates were incubated for a further 8 hours, after 
which the medium and detached cells were collected. 
To lyse the ceils and precipicate the deoxyribonucleic 
acid, 0.5 ml of an ice-cold solution of 60% trichloro- 
acetic acid was added to the cell suspension, giving a 
final concentration of 30% trichloroacetic acid. The tri- 
chloroacetic acid precipitates were stored at 4° C until 
assayed, when they were collected by rapid filtration 
with use of a Millipore 30254 sampling manifold (Mil- 
lipore Corp., Bedford, Massachusetts). After the initial 
filtration, any unbound radioisotope was removed by 
washing the filters four times with ice cold 10% tri- 
chloroacetic acid. The filters were dried overnight at 
37° C, placed in counting vials, and 4 ml of phospho- 
toluene scintillation fluid (4 gm of 2,5-diphenyloxazole 
(PPO) and 0,1 gm of 1,4-bis(5-phenyl-2-oxazolyl)-ben- 
zene (POPOP) per liter of distilled toluene) were added. 
The radioactivity was measured in an LKB Rackbeta 
II liquid scintillation counter. Final results were ex- 
pressed as total counts per minute of tritiated thymi- 
dine taken up by the cells in each well. 

Steroid production. Dehydroepiandrosterone sul- 
fate and cortisol were measured by radioimmunoassay 
as described previously.’ Because cortisol production 
by these cultures was very low or undetectable, the cor- 
tisol data are not presented. 

Statistical analysis. Data from the thymidine incor- 
poration and dehydroepiandrosterone sulfate studies 
were analyzed with analysis of variance followed by 
Duncan’s multiple range test. 


Results 

Adrenal cell cultures. Freshly dispersed fetal zone 
cells from human fetal adrenal glands were successfully 
maintained in monolayer culture for up to 10 days. 
The cells attached within 48 hours of plating and re- 
tained their ability to secrete dehydroepiandrosterone 
sulfate. Mitotic activity was observed in the cultures 
throughout the incubation period. Epithelial cells were 
the predominant type found; very few fibroblasts were 
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Fig. 1. Upper panel: The production of dehydroepiandrosterone sulfate on days 5 to 10 in culture 
by fetal zone cells from pooled adrenals of a 14- and a 15-week-old fetus. Each bar within a treatment 
group denotes the level of dehydroepiandrosterone sulfate per milliliter (mean + SEM) produced 
during a 24-hour period. The first bar, representing day 5 of the experiment, shows the basal level. 
Test substances were added to the cultures daily from day 6 onward. Lower panel: The corresponding 
thymidine incorporation study for each treatment group (mean + SEM), determined on day 11. 
Numerical values under the bars refer to the number of wells in each treatment group. Differences 
that were significantly different from control or between groups are indicated as *p < 0.05 and 


**p < 0.01. 


seen. Large islands of what appeared to be adrenal 
medullary cells with extensive dendritelike connections 
were also present. 

Tritiated thymidine incorporation. In experiment 1 
(Fig. 1), both 2.5 and 20 ng/ml of pACTH inhibited 
(p < 0.05) tritiated thymidine uptake by the cultures. 
In the absence of pACTH, Sigma hCG significantly 
stimulated (p < 0.05) tritiated thymidine incorporation 
at 20 IU/ml but not at 0.2 or 2 IU/ml. In the presence 
of pACTH and the two lower doses of Sigma hCG, 
tritiated thymidine incorporation was similar to that 
observed in the presence of pACTH alone. The highest 
dose of Sigma hCG was able to block the inhibitory 
effects of pACTH. Human luteinizing hormone ap- 
peared to have an inhibitory effect at 20 ng/ml, but in 
the presence of 2.5 ng/ml of pACTH, thymidine uptake 
did not differ from that with pACTH alone. 


In experiment 2 (Fig. 2), pure NIH hCG had no 
significant effect even at a dose of 1000 ng/ml. Mouse 
epidermal growth factor, however, at a dose of 10 
ng/ml increased tritiated thymidine uptake more than 
threefold (p < 0.01). In the presence of pACTH at 2.5 
ng/ml, mouse epidermal growth factor stimulation was 
reduced to a twofold increase but was still significant 
when compared to controls (p < 0.05). 

In experiment 3 (Fig. 3), Sigma hCG (20 ng/ml) sig- 
nificantly increased tritiated thymidine incorporation 
over controls and was able to block the inhibitory effects 
of 2.5 ng/ml pACTH. Again pure NIH hCG had no 
significant effects at either dose level of 100 or 1000 
ng/ml. 

Dehydroepiandrosterone sulfate production. In ex- 
periment 1, production of dehydroepiandrosterone 
sulfate was determined from days 5 to 10 (Fig. 1). Con- 
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Fig. 2. Fetal adrenal cells were pooled from a 13- and a 15-week-old fetus. The experimental design 
was similar to that in Fig. 1, except that the upper panel shows the production of dehydroepiandro- 
sterone sulfate on days 3 to 7 in culture. The first bar, representing day 3 of the experiment, shows 
the basal level of dehydroepiandrosterone sulfate production. Test substances were added daily 
from day 3 onward and thymidine incorporation (lower panel) was determined on day 8. 


centrations of dehydroepiandrosterone sulfate on day 
5 ranged from 250 to 399 ng/ml. On day 6 the levels 
were lower, with mean concentrations between 188 and 
287 ng/ml. In the absence of any test substances, the 
levels of dehydroepiandrosterone sulfate in the control 
group continued to decline throughout the culture pe- 
riod, reaching a mean concentration of 66 ng/ml on 
day 10. 

Beginning on day 6, various test substances were 
added to the culture medium. There was a marked 
increase in dehydroepiandrosterone sulfate when 
pACTH was added: the levels of dehydroepiandroste- 
rone sulfate doubled in the first 24 hours after the 
addition of both the low (2.5 ng/ml) and high (20 ng/ 
ml) doses of pACTH and continued to increase to peak 
levels (2000 ng/ml) on day 9 (p < 0.01 on day 10). No 
effects of luteinizing hormone or Sigma hCG were seen. 


In experiment 2 the fetal zone cells were cultured 
for 7 days. The levels of dehydroepiandrosterone sul- 
fate measured from days 3 to 7 are shown in Fig. 2. 
On day 3 the levels of dehydroepiandrosterone sulfate 
ranged from 130 to 208 ng/ml. In the control group 
the levels decreased to 38 ng/ml by day 5 and remained 
at this level until the end of the culture period. 

Various test substances were added from day 3. In 
the 24 hours following the addition of pACTH (2.5 ng/ 
ml), the concentration of dehydroepiandrosterone sul- 
fate tripled. The levels of dehydroepiandrosterone sul- 
fate increased steadily throughout the incubation pe- 
riod, reaching a maximum concentration of 1200 ng/ 
ml on day 7 (p < 0.01). 

Production of dehydroepiandrosterone sulfate by 
the fetal zone cells exposed to pure NIH hCG plus 
pACTH was comparable to that by cells treated with 
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Fig. 3. Fetal adrenal cells were pooled from an 11l- and an 11.5-week-old fetus. The experimental 
design was similar to that in Fig. 1, except that the upper panel shows the production of dehydro- 
epiandrosterone sulfate on days 3 to 7. The first bar, representing day 3 of the experiment, shows 
the basal level of dehydroepiandrosterone sulfate production. Test substances were added daily 
from day 5 onward, and thymidine incorporation (lower panel) was determined on day 8. 


pACTH alone. The pattern of dehydroepiandroste- 
rone sulfate production by fetal zone cells exposed to 
mouse epidermal growth factor plus a low dose of 
ACTH (2.5 ng/ml) was also comparable to that by cells 
exposed to ACTH alone. When pure NIH hCG or 
mouse epidermal growth factor was added to fetal zone 
cells in the absence of ACTH, the levels of dehydro- 
epiandrosterone sulfate from days 4 to 7 were similar 
to the pattern observed in the control group. 

In experiment 3, fetal zone cells were maintained in 
culture for 7 days. As shown in Fig. 3, the dehydro- 
epiandrosterone sulfate levels on day 3 ranged from 
230 to 410 ng/ml in all the wells. In the control group, 
levels of dehydroepiandrosterone sulfate were reduced 
on day 4 and continued to decrease, reaching a plateau 
on day 5. 

Test substances were added from day 5. Compared 
to the control group, there was an increase (p < 0.01) 
in dehydroepiandrosterone sulfate levels when the cells 
were exposed to pACTH (2.5 ng/ml) either alone or in 
combination with pure NIH hCG (0.1 or 1 pg/ml) or 


a high dose (20 IU/ml) of Sigma hCG. The pattern 
of dehydroepiandrosterone sulfate production in the 
presence of either NIH or Sigma hCG alone was sim- 
ilar to that observed in the control groups, in which 
basal levels of dehydroepiandrosterone sulfate were 
maintained. 


Comment 


The size of the fetal adrenal relative to body weight 
is enormously increased during gestation, reaching a 
peak around 15 weeks. at which time it equals the size 
of the fetal kidney; it remains large with another small 
increase in relative weight just before parturition.’ The 
absolute weight increases steadily to a maximum just 
before delivery.’ During the first month of postnatal 
life the fetal adrenal decreases in size by about half 
and thereafter grows proportionately less than other 
tissues. 

Numerous studies in the child and adult have shown 
that ACTH administration in vivo results in increased 
adrenal weight as well as steroidogenic activity.’ Similar 
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studies in the human fetus are obviously limited. 
Johannisson‘ has observed morphologic changes indic- 
ative of increased steroidogenic activity in both zones 
of the fetal adrenal of normal fetuses treated with 
ACTH in utero before termination of pregnancy at 
midgestation. Lanman” and Honnebier et al." have 
reported an increase in both size and functional activity 
of the fetal zone in anencephalic newborn infants after 
ACTH treatment. However, in these anencephalic in- 
fants the fetal adrenal cortex appears to develop nor- 
mally until about 16 weeks of gestation, even when 
serum ACTH levels are low or undetectable.’ In ad- 
dition, although there is a steady decrease in serum 
ACTH levels from midgestation to postnatal life during 
normal gestation,” it is only after birth that there is 
rapid involution of the fetal zone accompanied by the 
concomitant development of the adult zone. These ob- 
servations have prompted the proposal that factors 
other than ACTH are involved in regulating growth of 
the fetal zone of the fetal adrenal. Indeed such factors 
have long been sought but remain to be identified. 

Because it has not been feasible to study human fetal 
adrenal glands in vivo, extensive use has been made of 
in vitro methodologies” '*'* to examine both steroido- 
genic activity and growth of the fetal adrenal cells. 
Using monolayers, Crickard et al. have proposed 
that the growth-promoting effect of ACTH in vivo may 
be mediated by specific growth factors. They demon- 
strated that both mouse epidermal growth factor and 
bovine fibroblast growth factor were potent mitogens 
for human fetal adrenal cells. In the present study, 
mouse epidermal growth factor resulted in a threefold 
increase in the incorporation of thymidine into fetal 
zone cells from the midgestation gland, while it had no 
effect on dehydroepiandrosterone sulfate production. 
However, the observation that ACTH had a significant 
inhibitory effect on epidermal growth factor—stimu- 
lated proliferation of the cells suggests that the effects 
of ACTH and epidermal growth factor on growth may 
be antagonistic. 

In view of the rapid postnatal involution of the fetal 
adrenal cortex, the fetoplacental unit is a likely source 
of adrenocorticotropic factors. It has been suggested 
that placental hCG may be one of these factors, al- 
though previous studies have produced conflicting 
data.*’ From the present findings it is clear that pure 
NIH hCG does not stimulate proliferation or steroido- 
genesis of the human fetal adrenal although this prep- 
aration demonstrated biologic activity in the rat ventral 
prostate weight gain assay. On the other hand, the less 
pure Sigma hCG preparation markedly stimulates thy- 
midine incorporation with no effect on dehydroepian- 
drosterone sulfate production. 

Since the Sigma hCG is prepared from pooled preg- 
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nancy urine, we postulate that the trophic effect of hCG 
we and others have observed may be mediated by a 
contaminating growth factor. Although the nature of 
this factor is not yet known, it is quite possibly placental 
in origin. This would be consistent with the concept of 
an involvement of extrapituixary factors in the regu- 
lation of adrenal development during gestation. 

Since dehydroepiandrosterone sulfate is considered 
to be the principal steroid produced by the fetal zone 
in vitro,**'*° the detection of dehydroepiandrosterone 
sulfate in incubation media from the monolayer cul- 
tures was used as an index of steroidogenic activity. 
The only significant increase in dehydroepiandroste- 
rone sulfate levels occurred in response to ACTH. De- 
spite quantitative variability in this response, the pat- 
tern of endogenously released dehydroepiandroste- 
rone sulfate was similar in all three experiments and is 
in agreement with the observations of others.’*'*'° The 
decline in dehydroepiandrosterone sulfate levels ob- 
served with time in the absence of ACTH provides 
further support for the lack of steroidogenic factors in 
fetal bovine serum. The present results support the 
concept that ACTH is the principal factor regulating 
androgen production by the fetal adrenal cortex. In 
addition, it is apparent that separate mechanisms con- 
trol growth and steroidogenesis in the midterm gland. 


We gratefully acknowledge the cooperation of Dr. 
Yves Lefebvre (Department of Obstetrics and Gyne- 
cology, Hopital Notre Dame) in obtaining fetal tissues. 
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Reliable criteria for the prenatal sonographic diagnosis of 


alobar holoprosencephaly 


Michael F. Greene, M.D., Beryl R. Benacerraf, M.D., and Fredric D. Frigoletto, Jr., M.D. 


Boston, Massachusetts 


A series of 10 consecutive cases of alobar holoprosencephaly is described. The disorder was diagnosed 
prenatally by ultrasound according to two criteria: (1) a large central fluid collection in the fetal head, with 
no visible midline structures but with the presence of a mantle around the fluid collection and fusion of the 
thalami and corpus striatum, and (2) sonographic abnormalities of the face, including hypotelorism, central 
clefts, facial asymmetry, and abnormal orbits. (AM J Osstet GYNECOL 1987;156:687-9.) 


Key words: Ultrasound, prenatal diagnosis, alobar holoprosencephaly 


Alobar holoprosencephaly is a severe intracranial ab- 
normality characterized by failure of proper cleavage 
of the prosencephalon, most often accompanied by in- 
complete midfacial development. The prenatal sono- 
graphic diagnosis of holoprosencephaly has been 
described'*; however it has been suggested that suffi- 
cient diagnostic accuracy has not yet been established 
so that appropriate obstetric management can be ef- 
fected. ' 

We report here a series of 10 consecutive cases of 
alobar holoprosencephaly diagnosed prenatally with 
the use of two criteria. The intracranial criterion was 
a large central fluid collection in the fetal head, with 
no visible midline structures but with the presence of 
a mantle around the fluid collection and fusion of the 
thalami and corpus striatum (Fig. 1). The second cri- 
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terion was sonographic abnormalities of the face, which 
included hypotelorism, central clefts, facial asymmetry, 
and abnormal orbits (Fig. 2). Ten consecutive cases, 
ranging from 16 to 38 weeks’ gestation, satisfied both 
the intracranial and facial criteria for the diagnosis of 
alobar holoprosencephaly. The final diagnosis in all 10 
cases was confirmed after either elective abortion or 
delivery (Table I). Karyotyping was done in nine of 10 
cases, revealing four instances of trisomy 13 and one 
of triploidy. Three fetuses were aborted, one died 
in utero, and the other six died within 2 months of life. 
In the two additional cases where the presumptive di- 
agnosis of holoprosencephaly was suggested on the ba- 
sis of intracranial criteria but where no facial abnor- 
mality could be seen sonographically, after birth the 
infants were found to have severe hydrocephalus. 
Alobar holoprosencephaly is a severe intracranial ab- 


normality with a very poor prognosis. Affected infants 
usually die shortly after birth, although some can sur- 
vive for 6 months and are profoundly retarded or have 
amentia.” 


It is therefore crucial for the parents that this diag- 
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- Fig. 1. Coronal view of the fetal head at 26 to 28 weeks’ ges- 
tation showing a large central ventricle with a mantle of brain 


around it and abnormally fused thalami in the center (Case 
<No. 1). 


- Table I. Findings in LO cases 


“Case 








19 


36 


38 


Gestational age at 
dia; gnosis (wh) 


Ultrasound findings 


Facial cleft and large central 


ventricle 
Large central ventricle, 
cyclopia 


‘Twins, one normal, one 
with cyclopia, central ven- 


tricle, microcephaly 
Huge head, huge ventricle, 


fused thalami, abnormally 


small eyes, poly- 
hydraminios 

Large central ventricle, cy- 
copia, oligohydramnios 

Large central ventricle, 
cyclopia 

Large central ventricle, 
asymmetry of orbits 
(small 

Huge central ventricle, 
fs midline cleft 

Microcephaly, central ven- 
tricle, abnormally small 
eyes and hypotelorism 

Micracephaly, central ven- 
tricle, huge facial cleft 
and. hypotelorism 
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Fig. 2. Oblique longitudinal view of the fetal face showing a 


large central cleft (Case No. 10). 





Karyotype 


Normal 


Trisomy 13 


Normal 


Normal 


Triploidly 


Trisomy 13 


Normal 


Trisomy 13 


Not done 


Trisomy 13 


Outcome 
Term delivery, neonatal Ach 6ndings confirmed 
at autopsy 
Elective abortion, findings confirmed at autopsy 


Normal twin survived, abnormal twin died at 
birth, findings confirmed at autopsy 


Term intrauterine death, findings confirmed at 
autopsy 
Neonatal death, findings confirmed at autopsy — 


Elective abortion, findings confirmed at autopsy. 





Findings confirmed at autopsy 


Elective abortion, findings confirmed at autopsy = 


Findings confirmed clinically at birth and radio- 
graphically, died at 2 mo, no seen done. 


Term delivery, neonatal. death at omo, . findings : 
confirmed at autopsy l 















nosis be made reliably in utero with a very high degree 
of accuracy so that alternatives of obstetric manage- 
: _ ment can be offered. Our observations indicate that 
-hydrocephalus and hydranencephaly can be severe 
-enough to be confused with holoprosencephaly. We 


- believe therefore that a careful examination of the face 


is necessary to provide the additional information re- 
quired to diagnose reliably alobar holoprosencephaly 
in utero. 

Occasionally a fetus with alobar holoprosencephaly 
can have normal or near normal facies.’ It follows 
. therefore that our criteria may not identify every fetus 
<- with holoprosencephaly. Also some fetuses can have 
. "severe midline facial abnormalities without the intra- 
cranial findings. If, however, a fetus fulfills both the 
a -intracranial and facial criteria described here for alobar 


Fetal cardiac tumor: A prenatal echocardiographic marker for 7 . 


tuberous sclerosis 
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a2 Auscultation of a fetal bradyarrhythmia led to the prenatal echocardiographic detection of an intracardiac 
<- tumor. After birth the diagnosis of tuberous sclerosis was established. Therapeutic implications for current 
and future pregnancies, when a fetal cardiac tumor is found, are discussed. (AM J OBSTET GYNECOL 


1987;156:689-90.) 
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Cardiac neoplasms in the fetus may result in stillbirth 
or early neonatal death. As with infants and young 
children, these rare tumors are almost exclusively rhab- 
domyomas, although a case of right atrial hemangioma 
has been described at 28 weeks’ gestation. In recent 
years, echocardiography has permitted identification of 
structural anomalies of the fetal heart including, to the 
best of our knowledge, five cases of cardiac tumor. We 
present an additional case in which the echocardio- 
graphic diagnosis was preceded by detection of a fetal 
bradyarrhythmia. 
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holoprosencephaly, our data indicate that the diagnosis ` 
is sufficiently reliable that it can be used to offer the — 
patient various obstetric options. Because the number — 
of cases of holoprosencephaly presenting to a given — 
laboratory is limited, confirmation of our findings in- 
large numbers of patients will require further study. 
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Case report 

A healthy 31-year-old. primigravid woman expe 
enced an uneventful pregnancy until 32 weeks’ gesta 
tion, when the fetal heart rate was noted to be slow and 
irregular. M-mode examination revealed an irregular 
bradycardia of approximately 100 bpm. Atrioventric- 
ular dissociation was sought but was not demonstrable. Le 
No structural anomaly was observed until the third ex- | 
amination at 34 weeks’ gestation disclosed an echogenic 
0.9 cm mass on the posterior aspect of the right atrium. 
near the point of entry of the superior vena cava 
(Fig. 1). Another prominent echo was present at the 
base of a left ventricular papillary muscle. At 38 weeks, 
the bradycardia became more profound (baseline ap- 
proximately 60 bpm), and ventricular function. aj 
peared to be reduced. Induction of labor was: nde 
taken but progress was inadequate and cesarean 
ery of a 3001 gm female infant was perform 
scores were 8 and 9 at land 5 minutes, resp 
Neonatal echo. examination \ confirmed the righ vatri 
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Fig. 1. Right atrial tumor noted in the fetal heart at 35 weeks’ gestation. Left: Four-chamber view. 
T, Tumor mass; RA, right atrium: RV, right ventricle. Right: The tumor mass (7) is seen at the 
junction of the superior vena cava (SVC) and right atrium. RV, Right ventricle. 





Fig. 2. Neonatal echo revealing right atrial tumor mass (TUM) 
and a smaller interventricular septal tumor (7). 


tumor as well as smaller lesions in the left ventricle near 
the apex, at the base of the papillary muscle, and on 
the interventricular septum (Fig. 2). An electrocardio- 
gram revealed a variable P-wave morphology consistent 
_ with a wandering atrial pacemaker. At 5 months of age, 
_hypopigmented skin patches developed, leading to a 
_ diagnosis of tuberous sclerosis. The infant remained 
_ hemodynamically stable, and by | year of age, the right 
. atrial mass appeared relatively smaller and the arrhyth- 
< mia was less pronounced, with longer runs of sinus 
rhythm. Developmental, neurological, and renal as- 
-sessments have remained normal. Family studies failed 
~ to reveal any evidence of tuberous sclerosis, thus raising 
-the possibility that this case represents a new mutation. 


-Comment 

Fetal cardiac tumors are rare. When symptomatic, 
_ they may present as (1) an arrhythmia secondary to a 
: ‘conduction defect or abnormal pacemaker function (as 
K in our case), (2) nonimmunologic hydrops fetalis, or (3) 





death in utero from obstruction of blood flow by an 
intracavitary tumor. Tuberous sclerosis has been iden- 
tified in up to one half of these patients and the di- 
agnosis of fetal cardiac tumor should prompt a detailed 
ultrasound assessment to seek other abnormalities as- 
sociated with this autosomal disorder, such as renal cysts 
or cerebral nodules. Pregnancy termination might be 
undertaken if multiple organ involvement is diagnosed 
early. In later pregnancy, if the fetus appears otherwise 
normal, hemodynamic impairment might dictate early 
delivery since neonatal resection of obstructive lesions 
has provided definitive therapy in several instances.’ 
Whether tuberous sclerosis has occurred by new mu- 
tation or transmission from a carrier parent is crucial. 
in the latter instance, there is a 50% chance of recur- 
rence in future offspring, with widely varying mani- 
festations. For this reason, before embarking on future 
pregnancies, the parents should be offered prenatal 
genetic counseling, and during pregnancy, the previ- 
ously described fetal assessment should be instituted. 

This case and others illustrate that fetal cardiac tu- 
mors may present as arrhythmias and very often are 
markers for tuberous sclerosis.*" Prenatal echocardiog- 
raphy may serve to define the arrhythmia, locate the 
tumor, and monitor hemodynamic changes. 
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T TABLETS, 1 mg Ia On mg VAGINAL CREAM, 0.01% 





ae Warning 
| ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. Three independent case 
-control studies have shown an increased risk of endometrial cancer in 
-postmenopausal women exposed to exogenous estrogens for 
: prolonged periods. This risk was independent of the other known risk 
_ factors for endometrial cancer. These studies are further supported 
-by the finding that incidence rates of endometrial cancer have 
_increased sharply since 1969 in eight different areas of the United 
| States with population-based cancer reporting systems, an increase 
_ | which may be related to the rapidly expanding use of estrogens 
- during the last decade. The three case control studies reported that 
¿+ the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
| times greater than in nonusers. The risk appears to depend on both 
| duration of treatment and on estrogen dose. In view of these findings, 
| when estrogens are used for the treatment of menopausal symptoms, 
the lowest dose that will control symptoms should be utilized and 
medication should be discontinued as soon as possible. When 
prolonged treatment is medically indicated, the patient should be 
reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered prelimi- 
nary, one study suggests that cyclic administration of low doses of 
| -estrogen may carry less risk than continuous administration: it there- 
-+ fore appears prudent to utilize such a regimen. Close clinical surveil- 
_ lance of all women taking estrogens is important. In all cases of 
_undiagnosed persistent or recurring abnormal vaginal bleeding, 
: adequate diagnostic measures should be undertaken to rule out 
_ malignancy. There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at equiestro- 
-| genic doses. 
| 2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
-f The use of female sex hormones, both estrogens and progestogens, 
` during early pregnancy may seriously damage the offspring. It has 
-been shown that females exposed in utero to diethyistilbestro!. a non- 
-steroidal estrogen, have an increased risk of developing in later life a 
-į form of vaginal or cervical cancer that is ordinarily extremely rare. 
- | This risk has been estimated as not greater than 4 per 1000 expo- 
sures. Furthermore, a high percentage of such exposed women (from 
30 to 90 percent) have been found to have vaginal adenosis, epithe- 
lial changes of the vagina and cervix. Although these changes are 
-histologically benign. it is not known whether they are precursors of 
malignancy. Although similar data are not available with the use of 
_ other estrogens, it cannot be presumed they wouid not induce similar 
changes. Several reports suggest an association between intrauter- 
ine exposure to female sex hormones and congenital anomalies, 
_ including congenital heart defects and limb reduction defects. One 
case control study estimated a 4.7-fold increased risk of limb reduc- 
“+ tion defects in infants exposed in utero to sex hormones (oral contra- 
| ceptives, hormone withdrawal tests for pregnancy, or attempted 
-| treatment for threatened abortion). Some of these exposures were 
“+ -very short and involved only a few days of treatment. The data 
suggest that the risk of limb reduction defects in exposed fetuses is 
somewhat less than 1 per 1000. In the past, female sex hormones 
_| have been used during pregnancy in an attempt to treat threatened or 
“|. habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications, and there is no evidence from well 
‘| controlled studies that progestogens are effective for these uses. If 
| ESTRACE® (estradiol) is used during pregnancy, or if the patient 
| becomes pregnant while taking this drug, she should be apprised of 
-| the potential risks to the fetus and the advisability of pregnancy 
continuation. 


_ Indications: Tablets: Moderate to severe vasomotor symptoms associ- 
- ated with the menopause (There is no evidence that estrogens are effec- 
“tive for nervous symptoms or depression which might occur during 

> menopause, and they should not be used to treat these conditions. ): 

- atrophic vaginitis; kraurosis vulvae; female hypogonadism: female 

» Castration; primary ovarian failure; breast cancer (for palliation only) in 
appropriately selected women and men with metastatic disease: prostatic 
`- Carcinoma—pailiative therapy of advanced disease. Vaginal Cream: 

- Atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS NOT BEEN 
-SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREG- 
NANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS 
(SEE BOXED WARNING). 

Contraindications: Known or suspected cancer of the breast, except in 

Í appropriately selected patients being treated for metastatic disease: 

- known or suspected estrogen-dependent neoplasia; known or suspected 
pregnancy (See Boxed Warning), undiagnosed abnormal genital bleed- 

_. Ing; active thrombophlebitis or thromboembolic disorders; a past history 
-of thrombophlebitis, thrombosis or thromboembolic disorders associated 
-with previous estrogen use {except when used in treatment of breast or 

~ prostatic malignancy). 

Warnings: Estrogens i increase the risk of carcinoma of the endometrium 
See Boxed Warning). Prescribe cautiously in women with a strong family 
history of breast cancer or with breast nodules, fibrocystic disease, or 
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confirmed gallbladder disease ha i 
postmenopausal estrogens. There is an increa: drisk of throm 
men receiving estrogens for prostatic cancer and women for postpartun 
breast engorgement. If feasible, estrogen should be discontinued: least 
4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization, Estro- 
gens should not be used in persons with active thrombophlebitis or 
thromboembolic disorders or (except in treatment of malignancy) with a 
history of such disorders in association with estrogen use; they should be 
used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large 
doses (5 mg conjugated estrogens per day), comparable to those used to 
treat cancer of the prostate and breast, have been shown to increase the 
risk of nonfatal myocardial infarction, pulmonary embolism, and thrombo- 
phlebitis: when estrogen doses of this size are used, any of the thrombo- 
embolic and thrombotic adverse effects associated with oral 
contraceptives should be considered a clear risk. Hepatic adenomas 
should be considered in estrogen users having abdominal pain and 
tenderness, abdominal mass, or hypovolemic shock. Increased blood 
pressure occurs with use of estrogens in the menopause, and blood pres- 
sure should be monitored. especially with high doses. Diabetic patients 
should be carefully observed for decreased glucose tolerance. Estrogens 
may lead to severe hypercalcemia in patients with breast cancer and 
bone metastases: if this occurs, the drug should be stopped and appro- 
priate measures taken to reduce the serum calcium level, 

Precautions: Generai—A complete medical and family history should be 
taken prior to initiation of therapy. Pretreatment and periodic physical 
examinations should include special reference to blood pressure, 
breasts, abdomen, and pelvic organs, and should include a Papanicolaou 
smear. As a general rule. estrogen should not be prescribed for longer 
than one year without another physical examination. Conditions influ- 
enced by fluid retention, such as epilepsy, migraine, and cardiac or renal 
dysfunction, require careful observation. Undesirable manifestations of 
excessive estrogenic stimulation, such as abnormai or excessive uterine 
bleeding, mastodynia, etc, may develop. Patients with a history of 
depression should be carefully observed. Pre-existing uterine leiomyo- 
mata may increase in size during estrogen use. Pathologists should be 
advised of estrogen therapy when relevant specimens are submitted. If 
jaundice develops, discontinue use while cause is investigated. Adminis- 
ter with caution in patients with impaired liver function, metabolic bone 
diseases associated with hypercalcemia, or renal insufficiency and in 
young patients with incomplete bone growth. The following endocrine and 
liver function tests may be affected by larger estrogen doses: increased 
sulfobromophthalein retention: increased prothrombin and factors VH, 
VHI, IX, and X, decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability; increased thyroid binding globulin (TBG) 
leading to increased circulating total thyroid hormone, as measured by 
PBI, T4 by column, or T4 by radioimmunoassay; free T3 resin uptake is 
decreased, reflecting the elevated TBG: free T4 concentration is unal- 
tered: impaired glucose tolerance; decreased pregnanediol excretion; 
reduced response to metyrapone test; reduced serum folate concentra- 
tion: increased serum triglyceride and phospholipid concentration. 
information for the Patient—See text of Patient Package Insert. 
Pregnancy Category X— See Contraindications and Boxed Warning. 
Nursing Mothers—-Administer to nursing mothers only when clearly 
necessary. 

The 2-mg tablets contain FD&C Yellow No. 5 (tartrazine), which may 
cause allergic-type reactions (including bronchial asthma) in certain 
susceptible individuals. frequently those who also have aspirin 
hypersensitivity. 

Adverse Reactions: (See Warnings regarding induction of neoplasia, 
adverse effects on the fetus, increased incidence of gall bladder disease, 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions have been 
reported: Genitourinary system —Breakthrough bleeding, spotting, 
change in menstrual flow; dysmenorrhea; premenstrual-like syndrome; 
amenorrhea during and after treatment; increase in size of uterine fibro- 
myomata: vaginal candidiasis; change in cervical eversion and in degree 
of cervical secretion: cystitis-like syndrome. Breast— Tenderness, 
enlargement, secretion. Gastrointestinal—- Nausea, vomiting, abdominal 
cramps, bloating, cholestatic jaundice. Skin— Chioasma or melasma 
which may persist when drug is discontinued: erythema multiforme, 
erythema nodosum, rer an eruption, loss of scalp hair, hirsutism. 
Eyes—~Steepening of corneal curvature; intolerance to contact lenses. 
CNS—Headache, migraine, dizziness; mental depression, chorea. 
Miscellaneous —Increase or decrease in weight, reduced carbohydrate 
tolerance, aggravation of porphyria, edema, changes in libido. 

How Supplied: Tablets, containing 1 mg (lavender) and 2 mg (turquoise) 
micronized estradiol, in bottles of 100 and compacts of 25; Vaginal - 
Cream, each gram containing 0.1 mg 17(-estradiol in a nonliquefying 
base containing purified water, propylene glycol, steary! alcohol, white 
ceresin wax, glyceryl monostearate. hydroxypropyl. methylcellulose, _ 
sodium lauryl sulfate, methylparaben, disodium edetate, and 
t-butylhydroquinone, in 112-02 (42.5-g) tubes with calibrated plastic. 
applicator for delivery of 1,2,3, or 4 gand in 1¥2-0z (42.5-9) refill tubes. 

For Prescribing information, please see physician package insert. 
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HEL UNIVERSITY OF ALABAMA 
oo AT BIRMINGHAM 
DEPARTMENT OF OBSTETRICS AND 
| GYNECOLOGY 


: ca lications are invited by the Department of 


- Obstetrics and Gynecology for an Assistant 
-Professor position immediately. The applicant 
should possess a MD degree with laboratory 


| training in experimental pathology, or a PhD 
ae degree in experimental pathology; experience 
|... in research and teaching required in general 
| gynecologic een with strong em- 
|. . phasis in gynecologic oncology, pathology, cy- 

i tology, tissue and serum markers. The appli- 
| cant should possess substantial background 


n carrying out independent research, in coor- 
ating multidisciplinary programs, and in 
ipporting projects with residents and fellows 
n the Department. Please submit complete 


| curriculum vitae and three letters of refer- 
| ences to: Hugh M. Shingleton, MD, J. Marion 


Sims, Professor and Chairman, Department 
of Obstetrics and Gynecology, University of 
Alabama at Birmingham, Birmingham, 
Alabama 35294. The University of Alabama at 
Birmingham is an Affirmative Action/Equal 
Opportunity Employer. 


POSITIONS AVAILABLE 


Two full-time positions are available for gynecologic oncologists 
in the Department of OB/GYN, U.C. Davis Medical Center, 
Sacramento, California. Applicants should be board certified in 
OB/GYN and knowledgeable in the areas of chemotherapy and 
radiation therapy. Applicants must demonstrate experience and 
competence in teaching and research related activities. 


One position, for Associate/Assistant Professor requires the 
applicant to have successfully completed subspecialty training 
in gynecologic oncology, with subsequent specialty board eligi- 
bility and/or certification. 

The second position, for Assistant Professor, requires the appli- 
cant to have completed subspecialty training in an approved 
program in gynecologic oncology. 

Responsibilities include patient case management, surgery spe- 
cific to gynecologic oncology, participation in teaching and 
development and/or participation in research activities and in- 
volvement in University and Hospital committees. 

Send curriculum vitae and five references to: 


Edward J. Quilligan. M.D. 
Chairman, Department of Obstetrics and Gynecology 
Unversity of California, Davis. Medical Center 
1621 Alhambra Boulevard, Suite 2500 

ae sacramento, California 95816 

-The final date for receipt of applications is “Open until filled, but 

-not later than May 15, 1987." 
E | The eresi of California is an equal opportunity, affirmative action 
ets employer. 


POSITION AVAILABLE 
ENDOCRINOLOGIST — 


The Knoxville unit of the University of Tennessee's. 
College of Medicine, Department of Obstetrics and. 
Gynecology, seeks Board Eligible or Board Certified 
Reproductive Endocrinologists at Assistant Professor, 
tenure track level (higher level possible, dependi 

on outstanding experience). i 


Successful candidate will have University ` funding : 
resident teaching, with ample opportunities for pr 
practice development. Expansive practice opp 
nity developed and awaiting appropriate candidat 
Experienced microsurgeon and interest in contin 
development on an in-vitro fertilization prograrr 
quired. Opportunities available for scientific and cli 
ical research related to reproductive endocrinole 
interested persons should send curriculum vitae t 

Chairman, Department of Obstetrics 

and Gynecology, | 

University of Tennessee 

Medical Center 

1924 Alcoa Highway, U-27 

Knoxville, TN 37920 

For more information 

call (615) 544-9306 


An Affirmative Action! Title iX/Section $04 Empioyer 


WASHINGTON STATE _ , E 
MULTISPECIALTY GROU > | 
PRACTICE ms 


The Wenatchee Valley Clinic, a multisp 
group practice of 105 physicians see 
Board Eligible/Board Certified OB/ 
physician to join its Moses Lake, Washing 
facility. ne 
Moses Lake is in Central Washington Stat 
with close proximity to the Columbia River z 
the Cascade Mountain Range. The area is 
ideal for a family-oriented physician interested 
in the four-season recreational opportunities — 
available. 


Excellent professional environment with 


young, progressive group. Competitive salary : 
and benefit package. i 


if interested submit CV to: E. Michael Graham, 


M.D., Moses Lake Branch of Wenatchee Val- 
ley Clinic, 840 E. Hill Ave., Moses is : 
Washington 98837. | 
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hormonal dose in a combination OC 


Phased doses of both 
levonorgestrel and 

ethinyl estradiol 

Permits a decrease in total steroid dose 
without compromising effectiveness. 


Low incidence of 

breakthrough bleeding 

A low 5.7% overall incidence of break- 
through bleeding based on 77 U.S. and 
U.K. studies involving 3,546 women 
(35,036 total cycles)’ 


Simple first dose/first day start 
The first dose is taken on the first 
day of menstruation. No need to 
count days or wait for Sunday starts. 


A formulation with 
the confidence of 

170 million cycles of 
experience worldwide 


TRI-LEVLEN “28 TRI:LEVLEN"21 


Minimal impact on the 
following metabolic and 
hemodynamic parameters* 
Lipids} carbohydrate metabolisny “and 
blood pressure’ were not significantly 
affected in certain specific studies. 


Available in 

28-day and 
21-day Slidecase”™ 

dispensers 


Dedicated to innovation 
Ey BERLEX resicate o innova 
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TRILEVLEN 21 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


BRIEF SUMMARY 

Tri-Levien™ —6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic regimen). 

Indications and Usage— Tri-Levlen Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 

Contraindications—OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 

Warnings 





Cigarette increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 
iiss caste (fr caae ciegetion bor gv aed bs iia cote o wae et eet ho te aonr 
contraceptives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified: it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 meg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age. 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000: ages 45-49—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not possible, however, to examine the 
interrelationships of age, smoking and duration of use, nor to compare the effects of continuous vs. intermittent use. Although the 
study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of these deaths occurred in women 
35 or older. Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to assess 
the magnitude of the relative risk for this younger age group. The available data from a variety of sources have been analyzed to 
estimate the risk of death associated with various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic disease in the case of OCs) plus the risk 
attributable to pregnancy or abortion in the event of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular 
insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug 
should be discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported 
in oral contraceptive users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an 
increased risk of thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the use 
of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis or 
diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies have 
reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for adenocarcinoma of the 
endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These products are no longer marketed. No evidence has been reported suggesting an increased risk of endometnal 
cancer in users of conventional combination or progestogen-only OCs. Several studies have found no increase in breast cancer in 
women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast cancer in women treated with 
OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A reduced occurrence of benign breast 
tumors in users of OCs has been well-documented. In summary, there is at present no confirmed evidence from human studies of an 
increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs is, nevertheless, essential. In all 
cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be taken to rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness. 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 







period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 

7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the 
Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study The clinical significance of these 
findings remains to be defined. 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use 1s two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 

9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding. as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned. 

Precautions—GENERAL—1 A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones oo be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The 
clinical significance of this is yet to be determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant woman 
is predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasin gestation, it is 
possible that if a woman becomes pregnant shortly after stopping OCs, she may have a greater chance of developing folate deficiency 
and complications attributed to this deficiency. 9. The pathologist should be advised of OC therapy when relevant specimens are 
submitted. 10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OCs: a. 
Increased sulfobromophthalein retention. b, Increased prothrombin and factors VII, Vill, IX and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulating total- 
thyroid hormone, as measured by protein-bound iodine (PBI), 14 by column or T4 by radioimmunoassay. Free T3 resin uptake is 
pane eira the elevated TBG; free T4 concentration ıs unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
o metyrapone test. 

Information for the Patient—See Patient Package Labeling 

Drug Interactions —Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy— Pregnancy Category X. See “Contraindications” and “Warnings.” 

Nursing Mothers—See “Warnings.” 

Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
et nee disease, benign hepatomas, congenital anomalies. 

is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 

needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally- gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treathhent; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening): intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted.: 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdose—Serious ill effects have not been reported ‘ollowing acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethiny! Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information and package insert. 


References: 1. Data submitted to FDA. 2. Skouby SO, Kühl C. Maisted-Pedersen L. 
et al Am J Obstet Gynecol 1985;153:495-500. 3. Vermeulen A, Thiery M: Contraception 
1982;26 505-513 
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Electromyographic observations on the human cervix 


during labor 


Marjan Pajntar, M.D., Sc.D., Egidija RoSkar, Sc.D., and Drago Rudel, M.Sc. 


Kranj and Ljubljana, Yugoslavia 


The activity of smooth muscles in the cervix is one of the relevant factors for its dilatation during labor, but 
in humans it has not yet been sufficiently studied. Muscular activity may be observed by measuring 
electromyographic phenomena. In 60 parturient women of different parity and with various degrees of 
cervical ripeness at the onset of labor, the cervical electromyographic activity was measured through the 
entire course of labor in synchronization with uterine pressure measurements and also in 30 cases in 
synchronization with measurements of the uterine corpus electromyographic activity. The conditions 
necessary for successful measurements are described. The intensity of the cervical electromyographic 
activity was found to decrease with the level of cervical ripeness and with parity. When measured in the 
longitudinal direction, the cervical electromyographic activity resembled that of the uterine corpus, but 
when picked up from the circular lead, in a few cases of unripe cervices it differed from the 
electromyographic activity of the uterine corpus. (AM J Osstet GYNECOL 1987;156:691-7.) 


Key words: Electromyography, cervix in labor 


The opinion that the cervix is passive during labor 
and that its dilatation is due to contraction of the uter- 
ine corpus has lately been contested by a number of 
new findings. The latter pertain to histologic and bio- 
chemical changes in the cervix which make possible its 
efficient dilatation during labor,’ as well as to the activity 
of cervical smooth muscles in mammals. The smooth 
muscles of the ewe’s cervix contract vigorously even late 
in gestation and with the approach of parturition.’ The 
cervical and uterine smooth musculatures appear to act 
independently, possibly reflecting their independent 
functioning.’ In humans the factors responsible for ef- 
ficient cervical dilatation during labor are independent 
of the factors responsible for efficient uterine con- 
traction.” 


Material and methods 


The study involved 60 parturient women of various 
parity who were sent to the hospital for induced labor 
and therefore fulfilled the criteria for programmed la- 
bor.* In each patient the ripeness of the cervix was 
estimated according to the Bishop scores; after that an 
amniotomy was performed, a catheter for measuring 
intrauterine pressure was inserted, electrodes for de- 
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tecting the electrical activities of the cervix and uterine 
corpus were attached, and within 30 minutes an oxy- 
tocin solution (Syntocinon) was administered by the 
drip method in a dose of 6.75 mEq/min. In a few ex- 
ceptional cases Syntocinon was administered only later 
in the course of labor. “Partograms” were drawn in all 
the cases. 

In the first 20 labors the detection of the cervical 
electromyographic activity was unipolar, in the 30 sub- 
sequent cases it was bipolar and single-lead (usually in 
the longitudinal direction), and in the last 10 cases both 
leads were used, a longitudinal and a circular one. The 
two-lead configuration is shown in Fig. 1. In 30 labors, 
a simultaneous bipolar recording of the electrical ac- 
tivity of the uterine corpus was also performed. 

Surface Ag-AgCl disc electrodes were used to mea- 
sure the abdominal uterine corpus electrical activity. 
They were attached 6 to 7 cm apart above the right or 
left horn of the uterus, with a reference ground elec- 
trode placed between the active electrodes. To obtain 
the electromyographic activity in the cervix, spiral elec- 
trodes, usually used to pick up fetal electromyographic 
activity, were adapted. These electrodes are standard 
accessories of the Hewlett-Packard HP 8030A cardio- 
tocographic measuring set. A miniature two-channel 
differential electromyographic preamplifier was de- 
signed to amplify low-amplitude electromyographic po- 
tentials with the fixed gain of 1000 and a band width 
of 0.1 to 5 kHz (3 db). To diminish artifacts caused by 
body movements during labor, it was fastened to the 
upper part of a thigh by a belt to permit use of electrode 
wires that were as short as possible. 

Electromyographic signals were further amplified by 
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Fig. 1. Position of the spiral electrodes measuring electro- 
myographic activity on the cervix. L, Longitudinal lead; C, 
circular lead. 


BISHOP 3-6 BISHOP 7-10 


mY 
400 
300 


200 





100 


PRIMIPARAS 





100 


o BETWEEN CONTRACTIONS 


AT CONTRACTION 


MULTIPARAS 





A LATENT PHASE 





B ACTIVE PHASE 


Fig. 2. Mean values of the peak-to-peak amplitude of the elec- 
tromyographic signal. 


a two-channel amplifier with an adjustable gain, an ad- 
justable DC level, and a built-in low-pass filter (5 Hz). 
Electromyographic potentials were then recorded by a 
two-channel paper chart recorder which was a part of 
the above-mentioned cardiotocograph (1 minute = 10 
mm). An adequate interface was made which enabled 
different combinations of simultaneous two-channel 
registrations. 

Intrauterine pressure measurements were per- 
formed by means of an open-end saline-filled catheter 
and a pressure transducer. 
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Fig. 3. Partogram, cervical electromyographic activity, and in- 
trauterine pressure in a primiparous patient with unripe cer- 
vix. Parts 1, 2, and 3 correspond to the events marked in the 
partogram. For all parts, the upper trace = electromyo- 
graphic activity and the lower trace = intrauterine pressure 
(“the basal tone” manually zeroed). 
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Fig. 5. Partogram, cervical electromyographic activity, é and i in 
trauterine pressure of a primi 
For all parts, the upper trace = electromyographic | activi yo 
and the lower trace = intrauterine pressure. | 
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“Results” 


Forty-nine appropriate cervical electromyographic 
edit were analyzed. They were performed in 28 
_ primiparous women (23 with unripe cervices and 5 

with ripe cervices) and in 21 multiparous women (10 
with unripe cervices and 11 with ripe cervices). The 


x _ peak-to-peak amplitude of the strongest burst of 


 electromyographic signal was measured at a uterine 
© contraction and between two contractions in the initial 
phase of labor—immediately after amniotomy and in 
the active phase after cervical dilatation of >6 cm. 
The mean values for each group are presented in 
Fig. 2. 


In an attempt to describe the observed phenomena, 


e typical segments of electromyographic recordings are 
_. presented below. 


_ . Ripeness of the cervix. The less ripe the cervix, the 
i “more intensive is its electrical activity during induced 
- labor immediately after amniotomy (Figs. 3 to 5, part 1). 
In unripe cervices a strong permanent activity is re- 
corded at the beginning of the latent phase of dilata- 


© tion, without any noticeable contractions of the uterine 
© corpus (Fig. 3, part 1). This activity is subsequently 


- grouped into increasingly pronounced bursts, which 


~~ are usually synchronized with uterine contractions, but 


occasionally they also appear between two contractions 


3 (Fig. 3, part 2). In this period the activity occurring 


_ between two contractions is stronger than later in the 
active phase of dilatation. In riper cervices the initial 
activity is smaller and grouped into bursts, which occur 
in synchronization with uterine contractions but occa- 
sionally somewhat earlier or later (Figs. 4 and 
part 1). In the active phase of cervical dilatation the 
activity appears to be grouped in bursts, usually in syn- 
_chronization with uterine contractions and persisting 
= throughout a contraction. The intensity changes in the 


© course of labor. These changes are not always corre- 


lated to the intensity of uterine contractions (Fig. 4, 
parts 2 and 3). The activity, which is ungrouped at the 


~~ onset of labor, groups and intensifies after administra- 
= tion of the oxytocin preparation. Weak electrical activity 


associated with infrequent contractions (Fig. 5, part 1) 
increases. immediately after administration of oxytocin, 

` -and the frequency of contractions increases (Fig. 5, 
-parts 2 and 3). 

ae Parity. In principle, the intensity of the cervical elec- 


<= trical activity decreases with parity. Even in a patient 


_ whois para 2 with an extremely unripe cervix, electrical 
-activity was observed similar to that found in primi- 
< -parous patients with unripe cervices. In most cases, 


-> however, in secundiparous patients the electrical activ- 


“ity of the cervix bears more resemblance to that char- 
ae acteristic of primiparous women with ripe cervices 
ce (Fig. 5), although the cervical dilatation may be slower 





than in primiparous women with, rip ae 
parous and multiparous women the ac 3 
As a rule, the amplitudes of individual bui smomub o 
tiparous women are much smaller. This type oft mil imal E 
activity is exemplified here by the case of a triparous 
patient with a cerclage performed during pregnancy- 
because of cervical insufficiency (Fig. 6). After oxytocin 

had been administered, uterine contractions became 

more frequent and stronger (Fig. 6, parts 2 and 3). The. 
electrical activity appeared to be partly grouped in 
bursts of small amplitudes. The bursts occurred si- 

multaneously with contractions as well as between two 

contractions, mostly with a nonuniform waveform and 

sequence, throughout the labor. 

Electromyographic activity of the cervix and uter- 
ine corpus. The electromyographic activity of the uter- 
ine corpus was observed and compared to the electro- 
myographic activity of the cervix. Because of the dif- 
ferent types of measuring techniques implemented, the 
amplitude proportions between the two groups of res 








sults are of course only relative. The cervical. electro- 


myographic detection was unipolar and bipolar. After 
amniotomy the electrical activity in unripe cervices 
is usually greater than that in the corpus, whereas in 
the case of ripe cervices the situation is reversed. Later 
during labor, especially in the active phase of dilatation, 
the proportion between the two changes independently 
of the intensity of contractions. In the final phase of 
dilatation the intensity of electromyographic activity is 
usually smaller in the cervix than in the corpus (Fig. 
7, part b). The cervical and uterine corpus electromyo- 
graphic activities occur in groups of bursts, which are 
in most cases synchronized both with each other and 
with uterine contractions. In a few cases, however, the 
distribution of bursts along the time scale in the cervix 
is entirely different from that in the corpus (Fig. 7, 
part a). 

Two-lead detection of the cervical electromyo- 
graphic activity. The recording of the cervical electro- 
myographic activity measured longitudinally and cir- 
cularly are in most cases similar. However, in a few cases 
the electromyographic activity detected from the two 
leads differs, for example, in a primiparous woman 
with unripe cervix, Bishop score of 3 (Fig. 8). The 
differences are significant, especially in the latent phase 
of cervical dilatation (Fig. 8, parts a and 6), whereas in 
the active phase of dilatation they diminish ( Fig. 8, parts 
c and d). Immediately after amniotomy (Fig. 8, part a) 
the longitudinal activity is minimal. The circularly mea- 

sured activity is stronger and is manifested as bursts of 
shorter or longer duration. After oxytocin has been 
administered (Fig. 8, part b), the longitudinal electro- 
myographic activity intensifies. T crease is 
greater in the circular direc 
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Fig. 6. Partogram, cervical electromyographic activity, and in- 


o trauterine pressure of a multiparous patient. Parts J, 2, 


_and 3 correspond to the events marked in the partogram. For 


_ allparts, the upper trace = electromyographic activity and the 
i lower trace = 


intrauterine press ure, 

































Fig. 7. Comparison of cervical and uterine corpus electro- 
myographic activity measured at the beginning (a) and in the 
middle (6)) of cervical dilatation in a primiparous patient. The 


upper trace = electromyographic activity of the cervix and ©. 
the lower trace = electromyographic activity of the uterine _ 
corpus. aes 


different shapes. The activity measured from both 
leads rapidly increases at the beginning of the active | 
phase of dilatation (Fig. 8, part c). The longitudinal 
activity is relatively well grouped and sy nchronized with- 
uterine contractions. The circular activity, however, is 
less well grouped. In the final phase of dilatation 
(Fig. 8, part d) a decrease in both activities is evident, 
particularly in the circular direction. At this stage the 
similarity and synchronization between the two activi- 
ties is evident. 


Comment | 

Adequate cervical dilatation is an important factor z 
for a successful course of labor. The results of the mea- 
surements of the cervical electromyographic activity ise 
during labor confirm that also in the human the cervix eo 
is not just a passive part of the uterus but that its muscles ale 
also actively contract. _ ee 

The results obtained so. far primarily confirm the 
presence of electromyographic activity in. the cervix 























‘Fig. 8. ( omparison of the cervical electromyographic activity 
. measured from. the longitudinal lead (upper trace) and from 
the circular lead ( lower trace). Part a = soon after amniotomy; 
o partb = -afters oxytocin infusion; partc = at the 3 cm cervical 
z dilatation; pi d= ‘final phase of dilatation. 








during labor and establish the relevant on 
have to be fulfilled to achieve efficient and 
recordings of this activity. They also sugges ot 


electromyographic activity appears in two dir ections, eg 


longitudinally and circularly. 


The spiral electrodes used in our study to detect the a, 
cervical electromyographic activity served our. needs- a, 
well. [t is important that they are firmly fixed in. tthe! os 


tissue, which of course requires a certain amount of- 
experience. In our first attempts the elect romyographic 
recordings tended to be unreliable and of poor quality, 
especially toward the end of labor when the women 
grew restless and artifacts occurred because of move- 
ment of the electrodes in the tissues. 

Another parameter tested in our investigation was 
the type of detection, which may be unipolar or bipolar. 
When unipolar detection was used, far more artifacts 
were found in the recordings. That is understandable, 
since such detection picks up the electrical potentials 
between the measuring electrode and the reference one | 
and covers the potentials generated not only by the. 
cervical muscles but also by all the structures between 
the two electrodes. 

On the basis of the above findings resulting from our 
preliminary measurements, it was finally decided to use 
bipolar detection in our further work, since it yields 
the electrical activity between the two active electrodes 
inserted in the cervix. 

At the initial stage of bipolar measurements. of the 
cervical electromyographic activity, little attentic n was 
paid to positioning of the electrodes in terms dis- 
criminating the electrical activity in the respi i 
gitudinal and circular direction. As the di 
tween the electromyographic activity of t 
pus and that of the cervix was noticed, 
to the conclusion there might be differen 
trical activity resulting from the use of 
as well as from the activity of different yösitoned 
muscle fibers (in the longitudinal and circular direction, 
respectively). eee 

It was found that, in addition to the regul lar r activity. a 
in the longitudinal direction, another, different activity 
in the circular direction occurs as well. 

Because of the above-described course of our inves- 
tigation, in most of our experimental cases the electrical 
activity of the longitudinal fibers of smooth cervical 
muscles was recorded. Their activity resembles that of 
the uterine corpus. This fact leads to the conclusion 
that these fibers may be excited by stimuli spreading 
downward from the corpus. The active contraction of 
the longitudinal fibers probably neps to shorten, open, 
and retract the cervix. 

Our observations. of the Jongitudinal electromyo- 
graphic activity in the cervix agii ce with the findings of 
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some other authors’ regarding the activity of smooth 
muscles in the uterine corpus: initially it is more non- 
uniform, and subsequently it groups into so-called 
bursts. The difference between the uterine corpus and 
the cervix activity exists in the fact that the electro- 
myographic activity in the corpus normally anticipates 
the increase of the intrauterine pressure, whereas in 
the cervix it appears at the onset of contractions and 
persists throughout an entire contraction. The intensity 
of this activity varies in the course of labor quite in- 
dependently of the intensity of the electromyographic 
activity of the uterine corpus and of the intensity of 
contractions. We therefore believe it is partly indepen- 
dent of the uterine corpus. 

Particularly interesting is the circular electrical activ- 
ity in the cervix, measured with the circular lead. This 
activity is entirely different from that found when re- 
cording from the longitudinal lead. It usually occurs in 
unripe cervices and in primiparous women at the be- 
ginning of labor and probably represents the circular 
muscle fiber activity. At present it can only be said that 
in all probability this activity does not exist in every 
woman, but that it is very important for the cervical 
tonus at the beginning of labor and that later it hinders 
effective dilatation of the cervical canal. 

Visual evaluation of recorded electromyographic ac- 
tivity without more subtle subsequent analyses does not 
permit more precise description of the electrical phe- 
nomena in the cervix during labor. Recent advances in 
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computer analyses of bioelectrical signals make their 
quantitative explanation possible. Spectral analysis has 
been implemented for this purpose, and the changes 
in typical frequencies in the power density spectral 
function of the cervical electromyographic signal were 
studied. The results are encouraging in helping to dif- 
ferentiate thé contribution of the two types of muscle 
fibers in. the cervix to its efficient dilatation during la- 
bor. It is hoped that we will be able to identify the 
differences between the electromyographic activity of 
the cervix and that of the uterine corpus. 
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Significant bacteremia associated with replacement of 


intrauterine contraceptive device 


Sarah Murray, B.M., J. B. Hickey, M.A., B.M., B.Ch., and Elizabeth Houang, M.B., Ch.B. 


London, England 


Blood culture samples were taken from 23 women at different stages when an intrauterine contraceptive 
device was replaced. Transient bacteremia resulting from vagina! organisms was found in 13% of women 
4 to 6 minutes after insertion of the new device. Previous reports have failed to demonstrate bacteremia 
associated with either first insertion or removal of intrauterine contraceptive device. Our results show that 
replacement of an intrauterine contraceptive device, a more traumatic proceduré, causes significant 
bacteremia, and chemoprophylaxis should be given to patients in the groups at risk. (AM J OBSTET 


GYNECOL 1987;156:698-700.) 


Key words: Bacteremia, vaginal; intrauterine contraceptive device; chemoprophylaxis 


The process of inserting an intrauterine contra- 
ceptive device involves intracervical instrumentation, 
which might be expected to introduce vaginal bacteria 
into the uterine cavity and provide a source for poten- 
tial bacteremia. Major complications after such a pro- 
cedure have been reported in certain high-risk groups 
of patients; these include bacterial endocarditis in pa- 


tients with valvular heart disease and overwhelming - 


septicemia in immunosuppressed patients. ? It has 
therefore been recommended that patients with a pros- 
thetic heart valve should receive antibiotic prophylaxis 
for the insertion or removal of an intrauterine contra- 
ceptive device." | 

Despite the theoretical risk of bacteremia, previous 
studies designed to assess the incidence of its occur- 
rence have failed to demonstrate significant bacterial 
growth in blood cultures taken after either insertion or 
removal of the device." * | 

It is now common practice for many women to have 
their intrauterine contraceptive devices changed at reg- 
ular intervals by their own general practitioner. We 
wished to study the incidence of significant bacteremia 
after the routine replacement of an intrauterine con- 
traceptive device in the doctor's office, so that the po- 
tential risk could be assessed and become more widely 
known among doctors offering this service. 


Patients and methods 


Patients of one medical practice were studied. These 
were patients for whom a change of intrauterine con- 
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traceptive device was due, and for whom the device 
continued to provide an appropriate method of con- 
traception. The patient was allocated the replacement 
intrauterine contraceptive device (Nova T or Gravi- | 
gard) according to the randomized code. 

The old intrauterine contraceptive device was first 
removed under the vision of a sterile bivalve speculum 
with the long-handled forceps. The next procedure was 
a bimanual examination to exclude cervical or adnexal 
tenderness. The cervix was again exposed and swabbed 
with a disinfectant (Sartodil, ICI) three times with the 
aid of a vulsellum applied to the anterior lip of the 
cervix. The new intrauterine contraceptive device was 
then inserted according to the technique recommended 
by the manufacturer. All patients were seen 6 weeks 
after the replacement of the intrauterine contraceptive 
device for a check-up appointment. Throughout the 
procedure, aseptic nontouch technique was used with 
gloved hands by the operator. The gloves were changed 
after the bimanual examination. 

Blood samples were obtained from an intravenous 
sampling catheter (Wallace Y Can 2/g) inserted into a 
forearm vein after the skin was disinfected with 70% 
isopropyl alcohol. Samples (20 ml) were obtained as 
control at the start of the procedure, after removal of 
the old coil, and at approximately 2,5, 7, and 10 min- 
utes after insertion of the new coil. Sterile normal saline 
solution, 0.9%, was used to flush the cannula between 
samples. Each blood sample was immediately injected 
into a set of blood culture bottles consisting of a Digest 
Broth with 0.1% glucose and Liquoid (Southern Group 
Laboratories) and a Fastidious Anaerobic Broth con- 
taining thymidine (LAB M). The blood culture bottles 
were incubated within 3 hours and processed in a rou- 
tine manner by the microbiology department of the 
Chelsea Hospital for Women. 
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Table I. Bacterial isolates from the blood cultures obtained during the replacement of intrauterine 


contraceptive devices 


Patient Time interval when positive 
No. culture was obtained 


After removal of Copper-7 
After removal of Multiload 
7 min after insertion 

4 min after insertion 

5 min after insertion 

10 min after insertion 

7 min after insertion 

4 min after insertion 

2 min after insertion 
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Results 


Twenty-three women were studied: 12 received a 
Gravigard intrauterine contraceptive device and 11 a 
Nova T device. All new devices remained satisfactory 
at the follow-up appointment with no evidence of ad- 
nexal infection during the bimanual examination. 

A total of 138 blood culture sets were examined from 
the 23 patients. Bacterial growth was observed in 13 
blood culture sets from 10 women. All the control blood 
cultures were negative except for one patient in whose 
sample bottle Staphylococcus epidermidis grew. The details 
of the positive cultures from the other nine patients 
are shown in Table I. There was no significant corre- 
lations between the likelihood of bacteremia and the 
parity of the women, the duration of use of the old 
intrauterine contraceptive device, and the type of the 
new device. 


Comment 


Throughout the procedures, nontouch aseptic tech- 
nique was used with gloved hands. The blood samples 
were drawn from the intravenous catheter in the fore- 
arm either by the nurse not involved in the procedures 
or by the operator herself with the gloves removed. It 
is therefore unlikely that the blood samples would be 
contaminated by organisms from the vagina. Of the 
bacterial species isolated, Gardnerella vaginalis and Bac- 
teroides may be assumed to be of vaginal origin, since 
they are normally found in the vagina but not on the 
skin, whereas the other species are commonly found 
from both sites.° Thus the incidence of bacteremia of 
vaginal origin is at least 13% (3/23). All cases occurred 
transiently 4 to 6 minutes after insertion of the new 
intrauterine contraceptive device, that is, after three 
different gynecologic procedures: removal, bimanual 
examination, and insertion. The summation of these 
procedures may increase the chance of a positive cul- 
ture. In contrast, the negative findings reported by 
other workers were based on blood culture studies per- 
formed during the first insertion or removal of an in- 
trauterine contraceptive device. Everett et al.‘ exam- 


Bacterial species 


Staphylococcus epidermidis and nonhemolytic streptococcus 
Anaerobic diphtheroid 

Bacteroides sp. 

Gardnerella vaginalis 

G. vaginalis 

S. epidermidis 

S. epidermidis and anaerobic diphtheroid 

S. epidermidis and diphtheroids 

Anaerobic diphtheroids 


ined aerobic blood cultures obtained before and at var- 
ious intervals up to 1% hours after intrauterine 
contraceptive device insertion in 84 women and after 
removal of the device in 16 women. They did not find 
significant bacterial growth other than isolated positive 
cultures resulting from skin contaminants, although 
they did not report that anaerobic blood culture studies 
were performed. These authors therefore concluded 
that chemoprophylaxis during insertion or removal of 
an intrauterine device would be unnecessary in the ab- 
sence of evident pelvic infections. Hall et al.* also failed 
to demonstrate bacteremia in blood cultures obtained 
from 25 women before and within 3 to 8 minutes of 
intrauterine contraceptive device insertion. 

At the time of intrauterine contraceptive device re- 
placement, none of our patients had symptoms or signs 
of pelvic infection, which has been reported to occur 
in 2.5% of patients in the first year of use of the device.’ 
All the devices involved in our study were of the tailed 
type. Sparks et al. demonstrated the presence of a small 
number of bacteria in the uterine cavity long after in- 
sertion of a tailed device. Jacques et al.” showed that in 
experimental rabbits, microorganisms colonized the 
core surface of both the tailed or untailed devices if 
they were inserted via the cervix. We did not perform 
a culture of the removed device, since it was difficult 
to avoid contamination with vaginal fora during the 
retrieval procedure. It is -herefore uncertain whether 
bacteremia demonstrated in our study was associated 
with an infected/colonized device. It is reasonable to 
assume that the chance of having a positive blood cul- 
ture would be increased by replacement of the device 
in an uterus already colonized by vaginal organisms. 

Almost half a million women currently use the in- 
trauterine contraceptive device in the United Kingdom, 
and replacement of the device is becoming a commonly 
performed procedure, often in the general practice. 
The risk of bacteremia associated with a first insertion 
or removal of the device may be very slight.** The 
results of our study, however, show that replacement 
of the device is associated with bacteremia of vaginal 


sree 


700 Murray, Hickey, and Houang 


origin, with an incidence of at least 13%, thus lending 
support to the cautious attitude expressed by Sparks.” 
If it is deemed necessary on balance to fit an intra- 
uterine contraceptive device in a woman who has pros- 
thetic heart valves, had previous cardiac surgery, or is 
a drug abuser, antibiotic cover for insertion and re- 
placement should be mandatory and follow-up should 
be performed at a hospital-based clinic where sterilized 
instruments are available. An absolute contraindication 
should be a history of pelvic inflammatory disease or 
infective endocarditis. To minimize the risks of bacte- 
remia, one should also consider the use of an intra- 
uterine contraceptive device licensed for 4 to 5 years 
and perhaps carry out the removal and insertion of the 
device at different clinic appointments. 


We thank Schering Pharmaceuticals for the grant to 
cover the cost of material and transport of specimens. 
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Measurement of antibody to Mycoplasma hominis by an 
enzyme-linked immunoassay and detection of class-specific 
antibody responses in women with postpartum fever 


Mary B. Brown, Ph.D., Gail H. Cassell, Ph.D., William M. McCormack, M.D., and 


Jerry K. Davis, D.V.M., Ph.D. 


Gainesville, Florida, Birmingham, Alabama, and Brooklyn, New York 


The standard conditions for detection of human IgG, igM, and IgA antibodies to Mycoplasma hominis by 
an enzyme-linked immunosorbent assay (ELISA) were established with the use of a cell lysate antigen and 
alkaline phosphatase conjugates. Antigen was used at a concentration of 10 jg of protein per milliliter, 
sera were diluted 1:200, and conjugates were diluted 1:500. Agreement between cultured isolation of 

M. hominis from the lower genital tract and presence of antibody in 207 women was 71%, 82%, and 86% 
for IgG, IgM, and IgA, respectively. When the ELISA was compared with the mycoplasmacidal assay, an 
overall agreement of 81% occurred, with the majority of the discrepancies occurring in the ELISA-positive 
and mycoplasmacidal-negative category. A linear relationship between end point titer and the A400 value 
(ELISA or absorbance value at 400 nm) at a standard serum dilution was demonstrated for the IgG, IgM, 
and IgA classes. Although the ELISA was relatively independent of antigen heterogeneity, no single strain 
detected more than 87% of positive sera, thus suggesting that optimum detection of antibody to 

M. hominis by the ELISA will require use of antigen pools derived from multiple strains of M. hominis. (Au 


J Opstet GynEcoL 1987;156:701-8.) 


Key words: M. hominis, ELISA, class-specific antibodies, postpartum fever 


Depending on a number of factors, including age, 
sexual experience, and socioeconomic background, My- 
coplasma hominis can be isolated from the lower geni- 
tourinary tract in up to 53.6% of healthy adults. How- 
ever, carefully controlled cultural and serologic studies 
suggest that under certain circumstances this oppor- 
tunistic microorganism is capable of invading the 
upper genitourinary tract and is of etiologic signifi- 
cance in postpartum fever, salpingitis and pyelone- 
phritis.’ M. hominis can also cause amniotic fluid infec- 
tion, meningitis, submandibular adenitis, and subcu- 
taneous abscesses in neonates and has been implicated 
in congenital pneumonia." ? 

The commensal nature of M. hominis in normal in- 
dividuals necessitates that definitive diagnosis of disease 
must depend not only on cultural isolation but also on 
appropriate clinical manifestations in conjunction with 
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acute and convalescent serology.’ A variety of serologic 
methods have been used for detection of antibody to 
M. hominis; all have technical difficulties. The hemag- 
glutination inhibition test is the most sensitive but is 
difficult to standardize. The metabolism inhibition as- 
say is fairly easy to perform, but the time at which the 
assay is read is a major cause of nonreproducibility of 


` results. In addition, it is less sensitive than hemagglu- 


tination inhibition, and there is little correlation be- 
tween the two tests. The mycoplasmacidal test may be 
more sensitive than metabolism inhibition but sensitiv- 
ity and specificity are affected by many factors, includ- 
ing antigen concentrations and complement activity. 

The enzyme-linked immunosorbent assay (ELISA) 
has been applied to the detection of antibodies against 
other mycoplasma species and has been found to be 
a rapid, reliable, and sensitive means of diagnosis. 
The objectives of the present study were to establish 
an ELISA for detection of class-specific antibody to 
M. hominis and to compare its efficacy to that of an 
established serologic assay for detection of antibody 
responses. Because of the documented etiologic signif- 
icance of M. hominis in postpartum fever, comparisons 
were made with the use of sera from patients with post- 
partum fever. 


Material and methods 


Mycoplasma strains. Reference strains of M. hominis 
PG21 and M. pneumoniae FH-Liu were obtained from 
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ANTIGEN CONCENTRATION (pg/ml) 


Fig. 1. Effect of M. hominis PG2] antigen concentration. Tubes were coated 4 hours. at 37° C, and 
evaluated with human immune (@) and normal sera (©) diluted 1:200. Anti-IgG conjugate was 


diluted 1:500. 


Table I. Standard ELISA conditions for detection of human antibodies to Mycoplasma hominis 


ELISA reagent Diluentt Incubation time Incubation temperature 


Antigen 10 wg protein/ml CBB 
Serum 1:200 PBSTA 
Conjugate 1:500 (IgG, IgM), 1:250 (IgA) PBSTA 
Substrate 1 mg/ml SB 


4 hr 37°C 
5 hr . Room temperature 
Overnight Room temperature 
30 min (IgG), ì hr (IgM, IgA) - 37° C 


*All concentrations are dependent on lot number of conjugate and antigen used and should be reevaluated for each new lot 


of reagent. 


+CBB = 0.1 mol/L sodium carbonate buffer, pH 9.6; PBSTA = phosphate-buffered saline with 0.05% Tween 20 and 0.02% 
sodium azide; SB = 0.05 mol/L sodium carbonate buffer, pH 9.8, with 0.001 mol/L magnesium chloride. 


tAlkaline phosphatase substrate tablets (Sigma Chemical Company, St. Louis, Missouri). 


Research Resources Branch, National Institute of ål- 


lergy and Infectious Diseases, National Institutes of 
Health, Bethesda, Maryland. Six additional strains of 
M. hominis were obtained from J. S. Lin, Channing Lab- 
oratory, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, Massachusetts, and have been 
described previously.* * Serotypes 1 to 8 of Ureaplasma 
urealyticum were obtained from E. A. Freundt, Institute 
of Medical Microbiology, University of Aarhus, Aarhus, 
Denmark. Glucose fermenters were grown in basal liq- 
uid medium, while non—glucose fermenters were cul- 
tivated in Shepard’s liquid 10B medium supplemented 
with arginine (0.2% final concentration). 

ELISA antigens. Ten milliliters of each microorgan- 
ism in logarithmic growth (12 to 20 hours, 10° to 10° 
cfu/ml, dependent on mycoplasma strain) was diluted 
in broth (1:15 to 1:20) and harvested by centrifugation 
at 10,000 x g for 30 minutes at 4° C after a color 
change (12 to 20 hours). The pellet was resuspended 
and washed three times with sterile phosphate-buffered 
saline, pH 7.3. Bacterial contamination was monitored 
by inoculation of tryptic soy and blood agar plates. The 
washed pellet of cells was resuspended in phosphate- 
buffered saline (5 mg of protein per milliliter) and lysed 


by addition of 0.05 mol/L carbonate-bicarbonate 
buffer, pH 10.0, at 37° C, as described by Horowitz and 
Cassell. The protein content of each lysate was deter- 
mined, and all antigens were stored at — 70° C. 

Standard human reference sera. The human “im- 
mune” standard used was a pool of 15 sera from in- 
dividuals known to be serologically positive in either 
the metabolism inhibition or mycoplasmacidal assay for 
M. hominis and culturally positive for M. hominis in the 
lower genital tract-(cervix-vagina). The normal human 
serum used in the standardization assays was a single 
serum available in large quantity with an ELISA value 
<] SD from the mean of 40 sera obtained from cul- 
turally negative individuals. 

Clinical serum samples. Paired acute and convales- 
cent phase sera from 11 women and five unpaired se- 
rum samples (one acute, four convalescent) from pa- 
tients with postpartum fever of documented myco- 
plasmal origin that have been described previously® ’ 
were analyzed. Serum samples were collected at the 
time of delivery and 4 to 5 weeks post partum. Sera 
were heat inactivated at 56° C for 30 minutes and stored 
at —20° C. The antibody titers in these 27 sera were 
determined by J. S. Lin with the complement-depen- 





Volume 156 

Number 3 
I4 

E L2 

[ am 

O 

O 

+t 10 

D 

® 

3 s 

S 08 

<I 

o) 

_ 06 

Li A 
04 
0.2 


> nEaN 


32 64 128 256 512 1024 2048 
Serum Dilution (Reciprocal) 


Fig. 2. Effect of serum dilution on detection cf IgG in positive 
(@, E, Q, A) and negative (0) sera. 


dent mycoplasmacidal test' and some have been pre- 
viously reported.’ 

For comparative purposes, acute and convalescent 
serum pairs from six patients with nongonococcal ure- 
thritis of presumed ureaplasmal origin® were obtained 
from M. C. Shepard, Camp LeJeune Naval Hospital, 
Jacksonville, North Carolina. 

In order to determine correlation between serology 
and culture, serum and cervicovaginal cultures were 
obtained as described previously’ from 207 women un- 
‘dergoing laparoscopy for diagnosis of infertility (169 
patients) or laparoscopy for tubal ligation (88 patients). 

Four reference sera with known complement fixation 
titers to M. pneumoniae were provided by the Ala- 
bama State Board of Health Laboratory, Montgomery, 
Alabama. . 

Enzyme-conjugated anti-immunoglobulins. Alka- 
line phosphatase conjugates (Flow Laboratories) to hu- 
man heavy y-chain, y-chain, and a-chain were used to 
detect the IgG, IgM, and IgA response, respectively. 
Conjugates were stored at 4° C and diluted immediately 
before use. 
= Detection of antibody. Incubation times and con- 
centrations of antigen, conjugate, and serum were de- 


termined by checkerboard titration as described pre- . 


viously. Before each addition, antigen-coated tubes 
were washed three times with 0.9% sodium chloride 
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Fig. 3. Effect of serum dilution on detection of IgM in positive 
(A, m, ®) and negative (Q, ©) sera. 


containing 0.05% Tween 20. All additions were in 1 ml 
volume. A background control in which phosphate- 
buffered saline containing 0.05% Tween 20 and 0.02% 
sodium azide was substituted for serum was included 
in each assay. Initially, a control tube coated with sterile 
10B medium was included to test for nonspecific re- 
action to medium components, including reactions to 
yeast extract and horse serum. This control was always 
negative and was excluded from later assays. The re- 
action was stopped by addition of 0.1 ml of IN sodium 
hydroxide and the absorbance determined at 400 nm. 

End point titer analysis. Sera from randomly se- 
lected patients with postpartum fever were diluted two- 
fold and tésted in the ELISA. The reciprocal of the last 
dilution to give an A400 value >0.1 was deemed the 
end point titer. The end point titer versus the A400 
value (absorbance value at 400 nm) at the 1:128 di- 
lution was plotted to give a standard regression line. 

Statistical analysis. Results were analyzed with a 
computer-assisted statistical analysis system. The Spear- 
man rank order correlation coefficient, Pearson prod- 
uct moment correlation coefficient, Kruskal-Wallis test, 
and x’ test for independence with Yates’ correction fac- 
tor were used where appropriate. 


Results 


Standard assay conditions. The standard conditions 
established by checkerboard titration and chosen for 
the ELISA are given in Table I. The optimum antigen 
concentration for detection of IgG antibodies against 
M. hominis was 20 wg of protein per milliliter (Fig. 1). 
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Fig. 4. Effect of serum dilution on detection of IgA in positive 
(m, è, O, A) and negative (©) sera, 


Similar results were found for IgM and IgA (data not 
shown). Sinice lower concentrations'of antigen gave ad- 
equate differentiation between human immiune and 
normal human serum standards, 10 ug of protein per 
milliliter was chosen to conserve antigen and to avoid 
problems associated with oversaturation of binding 
sites.” The effect of serum dilution at the standard 
antigen and conjugate concentration is shown for IgG 
(Fig. 2), IgM (Fig. 3), and IgA (Fig. 4). The serum 
dilution of 1:200.was selected as the standard dilution 


since it appeared to be near the midpoint of the curves . 


for all three antibody classes. 

Assay reproducibility. Twenty-nine samples were 
assayed twice (6 weeks apart) with the use of IgG con- 
jugate with a correlation coefficient of 0.939 (p< 
0.001). In addition, the SD of the normal human serum 
and human immune standards was determined on the 
basis of a minimum of 12 assays during a 5-month 
period. The SD for normal human serum was 0.038 
with an SE of 0.01, and for human immune, 0.114 with 
an SE of 0.03. Similar results were obtained for the 
IgM and IgA classes. 

Assay specificity. Human reference sera with known 
complement fixation titers (range 32 to 128) to M. pneu- 
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moniae did not react with the M. hominis ELISA antigen 
(<0.18 optical density). All M. pneumoniae reference 
sera reacted in the ELISA (>0.300 optical density) with 
M. pneumoniae antigen. 

Because M. .hominis is frequently coisolated with 
U. urealyticum, sera from 207 women were assayed in 
both the M. hominis and U. uredlyticum® ELISAs to de- 
termine if any correlation in ELISA levels occurred. 
Individuals who were infected with ureaplasma but not 
M. hominis had significantly lower IgG (p < 0.03) and 
IgA (p < 0.04) (Kruskal-Wallis test) levels to M. hominis 
antigen. In addition, correlation coefficients between 
the two assays were low for IgG (<0.20) and IgA (<0.5), 
suggesting no significant cress-reactions. In the IgM 
class, a higher correlation ‘0.74) was observed. As 
would be predicted, the strongest correlation of IgM 
levels occurred in those individuals colonized by both 
M. hominis and U. ureaiyticum with no apparent cross- 
reactions in individuals with only ohe microorganism. 

Finally, to determine if the presénce of antibody to 
ureaplasma influenced detection of antibody titer 
changes; 12 acute and convalescent serum pairs were 
analy zed with the use of both the M. hominis and uréa- 
plasma ELISAs. Six paired sera were from nongono- 
coccal urethritis patients® and six were from patients 
with postpartum fever. Two individuals demonstrated 
changes in levels to both antigens; however, one de- 
creased in titer to ureaplasina while increasing in titer 
to M. hominis. For the remaining individuals, all anti- 
body changes were to a single microorganism even 
when specific antibody to the other microorganism was 
present. | 

Correlation of cultural isolation and ELISA. The 
agreement between cultural isolation and ELISA se- 
rology in 207 women is given in Table II. The best 
overall agreement was seen in the IgA class. In the IgG 
class, 48 of the’ 59 discrepancies (81%) were due to 
culturally negative, seropositive individuals. In the IgA 
class, however, 71% of the discrepancies were a result 
of culturally positive, seronegative individuals. There- 
fore, a positive serology in the absence of cultural iso- 
lation occurred most frequently in the IgG class 
(p < 0.03). A positive serology in the absence of cultural 
isolation rarely occurred in the IgA class (p < 0.001); 
further it was not uncommon to have cultural isolation 
in the absence of an IgA response. 

Comparison of mycoplasmacidal and ELISA tests 
in postpartum fever patients. Twenty-seven individual 
sera (11 paired; one acute, and four convalescent) were 
evaluated. A serum sample was considered positive if 
the ELISA value was >2 SD above the normal serum 
value or if the mycoplasmacidal titer was >32. Eighteen 
and four sera were positive and negative, respectively, 
by both tests for an overall agreement of 81.5%. Four 
(14.8%) sera were positive by ELISA but negative by 
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Fig. 5. Correlation of end point titer with ELISA A400 value for IgG. The reciprocal of the last 
dilution to give an A400 value 20.100 was deemed the end point titer. The end point titer for a 
serum was plotted versus the A400 value of the 1:128 dilution of that serum. 


Table II. Agreement between cultural isolation of Mycoplasma hominis from the lower genital tract and 
presence of antibody in 207 women 


Culture positive (N = 45) Culture negative (N = 162) 













Antibody ; 3 
IgG} 34 76 1} 24 114 ~ 70 48 30 148 71 
IgM 29 64 14 3] 140 86 22 14 169 82 
IgA} 25 56 20 44 154 95 


8 a 179 8G 


*Includes both culture-positive, seropositive and culture-negative, seronegative individuals. 
tAntibody class most likely to have seropositive but culture-negative individuals {p < 0.03). 
tAntibody class least likely to have seropositive but culture-negative individuals (p < 0.001). 


mycoplasmacidal titer. Only one mycoplasmacidal-pos- 
itive serum sample was not detected by ELISA. 

Results obtained in the mycoplasmacidal test were 
dependent on the strain used as antigen whereas the 
results obtained by ELISA were relatively independent 
of the strain used as antigen (Table HI). No single strain 
allowed detection of >40% of the positive sera when 
used in the mycoplasmacidal test. Although no sta- 
tistically significant differences were found among 
M. hominis strains when used as ELISA antigens, strains 
PG2] and 4195 appeared to be the best antigens with 
87% and 83% detection, respectively. For comparative 
purposes, M. hominis PG21 was chosen as the standard 
ELISA antigen and gave a high degree of correlation 
with results obtained for M. hominis strain W2 (p < 
0.04) and all other strains tested (p < 0.001). All my- 
coplasmacidal-positive serum samples except 23 (Ta- 
ble II) could be identified with a combination of three 
strains (PG 21 and 4195 in combination with either 10 
or W2). 

Correlation of ELISA values and end point titers. 
In addition to the human immune and normal! human 


serum reference serum standards, eight serum samples 
were selected at random and assayed to determine the 
relationship between ELISA optical density value and 
end point titer. The reciprocal of the lowest serum di- 
lution giving an ELISA value 20.100 A400 unit was 
considered the end point titer. The optical density value 
obtained at the 1: 128 dilution was chosen for the stan- 
dard ELISA value. The regression line, slope 1.624, 
was obtained for IgG ( Fig. 5). Regression lines obtained 
for IgM and IgA gave slopes of 3.416 and 5.628, re- 
spectively. On the basis of these regression lines, a dif- 
ference in optical density values between acute and con- 
valescent sera was deemed significant if it was 20.2 
(IgG) or 0.1 (IgM, IgA). 

Detection of class-specific antibody changes in post- 
partum fever patients. Acute and convalescent phase 
sera from 10 women with postpartum fever of myco- 
plasmal origin were tested for IgG, IgM, and IgA an- 
tibody. The differences between acute and convalescent 
levels are shown in Fig. 6. On the basis of the values 
established in the regression analysis, six of the 10 pa- 
tients demonstrated a significant increase in one or 
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Table III. Comparison of Mycoplasma hominis strains as antigens in ELISA and mycoplasmacidal tests for. 
detection of IgG in serum from women with postpartum fever of mycoplasmal origin 


M. hominis strains positive* 


l W2, 10, 93, PG21, 4195, 183 None 
2 W2, 10, 93, 182, PG21, 4195, 183 4195 
3 W2, 10, 93, 132, PG21, 4195, 183 4195, 183 
4 W2, 10, 93, 132, PG21, 4195, 183 W2, 10, 93, 132, PG21, 4195 
5 PG21 cae None 
6 W2, 10, 93, 132, PG21, 4195, 183 W2, 93, PGZ1 
fi W2, 10, 93, 132, PG21, 4195, 183 PG2!1 
8 W2, 93, PG21, 4195, 183 PG21, 4195 
9 W2, 10, 93, 132, PG21, 4195, 183 PG21, 4195, 183 
10 10, 93, 132, PG21, 4195, 183 W2, 132, 183 
11 W2, 10 10, 132, 4195, 183 
12 W2, 10, 132, PG21, 4195, 183 None 
13 4195 PG21 
14 93, 132, PG21, 4195, 183 PG21 
15 W2, 10, 93, 132, PG21, 4195, 183 PG21 
16 W2, 10, 93, 132, PG21, 4195, 183 132, PG21, 183 
17 W2, 10, 93, 132, PG21, 4195, 183 W2, 132, 183 
18 PG21 None 
19 W2, 10, 93, 132, PG21, 4195 PG21 
20 W2, 10, 93, 132, PG21, 4195, 183 We, 98, 132 
21 W2, 10, 93, 132, PG21, 4195, 183 10, 132 
22 W2, 10, 93, 132, PG21, 4195, 183 W2, 10, 93, 132 
, 23 None W2, 10, 93, 132, 4195 


*For ELISA, antigens were cell lysates of the seven strains listed; for mycoplasmacidal tests, antigens were whole cells. 
tA serum was ELISA positive if its value was greater than the normal serum value plus 2 SD. 
tA serum was mycoplasmacidal positive if its titer was 232. Strain 183 not tested in the mycoplasmacidal tests for Serum 


No. 4. 


more antibody classes. Of these, one patient had a sig- 
nificant rise in all three antibody classes; four patients 
studied had concomitant rises in both IgG and IgM; 
and one had an increase in IgM. Of the remaining four 
patients, one had stable high levels of IgG and IgM; 
two had significant decreases in IgG and IgM, and the 
last had a significant decrease in IgG. | 


Comment 


The antigenic determinant of M. hominis as well as 
the association of specific antigens with disease is rel- 
atively unknown." Until the identification, purification, 
and characterization of these antigens with respect to 
their immunogenicity in humans is pursued, it is un- 
likely that a suitable purified antigen preparation will 
be available. When a mixed antigen preparation is used, 
primary considerations are the adsorption character- 
istics of the carrier surface and the competition among 
proteins for binding sites.” Serial dilutions of positive 
sera give shallow slopes with inadequate coating and 
adsorption of mixed antigen preparation.” With the 
M. hominis ELISA cell lysate antigen, the slopes ob- 
served for serial dilution of positive sera (Figs. 2 to 4) 
were steep whereas those of negative sera were shallow, 
indicating that use of a mixed antigen preparation was 
not a problem.” 

The ubiquity of genital mycoplasmas coupled with 


the commensal nature of other mycoplasma species in 
the oral cavity of humans makes the determination of 
assay specificity difficult at best. Human sera with an- 
tibody to M. pneumoniae did not react with M. hominis 
antigen. No cross-reactions were observed between 
M. hominis and other mycoplasmas of human origin in 
the rabbit system.'! However, a one-way cross-reaction 
between rabbit antisera to U. urealyticum and M. hominis 
antigens has been previously reported."' No significant 
correlation occurred between levels of antibody de- 
tected to M. hominis and U. urealyticum in 207 individ- 
uals. More important, individuals with significant 
changes in antibody levels to one antigen did not dem- 
onstrate changes to the other antigen, even in the an- 
tibody class (IgM) with the greatest degree of correla- 
tion. In a previous study,’ individuals with antibody to 
one microorganism were seronegative to the other, thus 
suggesting that the antibody response is specific. The 
correlation of the M. hominis ELISA results with the 
mycoplasmacidal test as well as the ureaplasma ELISA 
with the metabolism inhibition test® is additional evi- 
dence for the validity of the assay. However, the po- 
tential for limited cross-reactions should always be con- 


: sidered, particularly with respect to IgM, in interpre- 


tation of data. . 
The observed discrepancies between cultural status 
and presence of antibody are predictable. A percentage 
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of culturally negative, serologically positive individuals 
is not uncommon”; whether this represents failure in 
culture technique, previous clearance of the organism, 
or nonspecificity is not known. Culturally negative in- 
dividuals were most frequently positive in the IgG class, 
suggesting that these individuals may have had pre- 
vious exposure to and subsequent clearance of M. hom- 
inis. It is of interest that 19 of the 48 IgG-positive, 
culturally negative individuals had evidence of tubal 
disease, suggesting that a previous infection with 
M. hominis may have occurred. The relatively low num- 
bers of culturally negative individuals with specific IgA 
or IgM antibody (Table II) would also support a theory 
of clearance of the microorganism. 

A significant association of antibody to M. hominis 
with infection has been shown in acute pyelonephritis,’ 
postpartum fever,’ and salpingitis.'* In these instances, 
significant changes in titer correlated with both disease 
symptoms and cultural isolation. In the postpartum fe- 
ver patients in the present study, significant changes 
were found in IgM (80%) and IgG (70%) levels, which 
is consistent with am active infection. In a recent study 
of acute pelvic inflammatory disease,” significant 
changes in antibody levels to M. hominis were observed 
in only 23% (IgG), 12% (IgA), and 10% (IgM) of pa- 
tients. However, the cultural status of these individuals 
was not determined with respect to M. hominis, and 
other infectious agents including Chlamydia trachomatis 
and Neisseria gonorhoeae were isolated from 50% of the 
patients. It is possible that M. hominis was a causative 
agent in only a small percent of individuals with acute 
pelvic inflammatory disease, thus explaining the low 
incidence of significant changes in antibody levels, par- 
ticularly in the IgM class. 

The presence of IgM and IgA antibodies as well as 
IgG antibodies in healthy women (Table II) suggests 
that determination of class-specific antibody in a single 
serum sample may not necessarily be of diagnostic 
value. In addition, the seroconversion of women during 
normal pregnancies" suggests that interpretation of re- 
sults obtained with acute and convalescent sera should 
be made in conjunction with clinical manifestations and 
cultural isolation. In a recent study of pregnant 
women,’* the ELISA did not detect significant charges 
in antibody levels between acute and convalescent sera 
in asymptomatic patients but did detect significant 
changes in antibody levels in women with clinical am- 
nionitis and in women in whom M. hominis was isolated 
from amniotic fluid. 

Differences observed in the mycoplasmacidal test and 
ELISA may reflect either an increased sensitivity in the 
ELISA or a difference in the type of antibody detected. 


The mycoplasmacidal test detects only antibody that is ` 


biologically functional in the assay, whereas ELISA de- 
tects all class-specific antibody capable of forming im- 
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Fig. 6. Differences between acute and convalescent antibody 
in patients with postpartum fever. All differences represent 


convalescent value minus acute value for each patient. 


mune complexes with the ELISA antigen. Failure of 
the ELISA to detect significant strain differences may 
be attributed to the type of antigen used. Soluble an- 
tigens of M. hominis are similar whereas differences 
exist in membrane protein antigens. The ELISA anti- 
gen contained both cytoplasmic and membrane anti- 
gens; thus dissimilarity due to the latter probably would 
not have been evident. Furthermore, strain specificity 
of the mycoplasmacidal test is affected by antigen con- 
centration with loss of individual strain specificity at 
lower concentrations,’ and the ELISA antigen con- 
tained only 10 pg of protein per milliliter. 

The assays currently used to determine the presence 
of antibody require careful regulation of mycoplasma 
cell numbers and multiple strains of M. hominis. Few 
clinical laboratories possess the facilities or expertise to 
perform such assays. ELISA technology, however, has 
been readily adapted by commercial sources for routine 
use in the clinical setting. The ELISA presented in this 
study for detection of antibody to M. hominis is sensitive 
and correlates well with the mycoplasmacidal test. How- 
ever, it is obvious that the ELISA, like other serologic 
assays, will require the use of antigen pools that reflect 
strain heterogeneity for optimal antibody detection. 
Our results suggest that type strain PG21 in combi- 
nation with one or two other strains would be optimal 
for antibody detection. The optimal choice of strain 
combination may vary with the incidence of isolation 
within a given population, and this variable should be 
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considered when the assay is established. The sensitivity 
and simplicity of the ELISA in conjunction with its 
ability to detect class-specific antibody changes make 
this assay a potentially useful tool in both the clinical 
and research settings for evaluating the etiologic sig- 
nificance of M. hominis in disease. 


We thank Dr. Edwin Bradley for help with statistical 
analysis of the data and Drs. J. G. Tully and J. W. 
Simecka for critical review of the manuscript. 
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Fetal biophysical profile scoring: Selective use of the 


nonstress test 


F. A. Manning, M.D., I. Morrison, M.B., I. R. Lange, M.B., C. R. Harman, M.D., and 


P. F. C. Chamberlain, M.D. 
Winnipeg, Manitoba, Canada 


The fetal biophysical profile score was modified by selective use of the nonstress test. In 2712 study 
patients (7851 tests) the incidence of nonstress test was reduced to 2.7% with no measurable effect or 
test accuracy. The nonstress test was most useful in evaluation of abnormal ultrasound monitored 


variables. (AM J Osstet GYNECOL 1987;156:709-12.) 


Key words: Fetus, biophysical profile score, dynamic ultrasound scan, nonstress test 


The fetal biophysical profile score is reported as a 
reliable accurate method for antepartum fetal risk as- 
sessment.’ This testing method is usually done in two 
sequenced steps: an initial dynamic ultrasound scan to 
record the presence or absence of fetal tone, gross body 
movements, and fetal breathing and a semiquantitative 
assessment of amniotic fluid volume followed by a non- 
stress test.” In a prospective blind clinical study in which 
perinatal morbidity and mortality were used as end 
points to judge specificity, sensitivity, predictive accu- 
racy, measurement of fetal tone, gross body movement, 
fetal breathing movement, and amniotic fluid volume 
when compared to the nonstress test yielded superior 
results.” In a prospective randomized clinical trial com- 
paring the nonstress test to the fetal biophysical profile 
score Platt et al.* reported a significant improvement 
in positive predictive value of abnormal outcome with 
fetal biophysical profile scoring and a better but non- 
significant Improvement in negative predictive accu- 
racy, sensitivity, and specificity.” The advantage, if any, 
of performing a nonstress test when the dynamic ul- 
trasound-monitored variables of the fetal biophysical 


profile score are normal is unknown and forms the basis | 


of this report. The purpose of this study was twofold: 
to determine the distribution of nonstress test results 
after initial dynamic ultrasound variable monitoring 
and to determine perinatal outcome, as reflected by 
perinatal mortality, achieved by primary dynamic ul- 
trasound variable monitoring and selective use of the 
nonstress test. 
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Table I. Study population by primary 


indication for referral 
No. of | % of 
patients | total 


Indication for referral 


Suspect intrauterine growth retar- 726 26.8 
dation 
Hypertension 474 17.5 
Diabetes 
Total 272 10 
Gestational 164 6 
Insulin-dependent 108 4 
Decreased fetal movements 190 7 
Large for dates 157 5.8 
Antepartum hemorrhage 154 5.7 
Spontaneous premature rupture of the 152 5.6 
membranes/premature labor 
Suspect anomaly II 4.1 
Malpresentation (breech) 106 a9 
Maternal medical condition 9] 3.4 
Previous stillbirth 88 3.2 
Rh isoimmunization 54 2 
Twins 46 1.7 
Other obstetrical indications 9] 3.3 
Total patients 2712 100 
Total fetuses 2758 100 
Method 


The study population consisted of 2712 consecutive 
high-risk patients referred for antepartum fetal risk 
evaluation by fetal biophysical profile scoring; in total 
2758 fetuses were studied (46 twin pregnancies). The 
indications for initial referrals are listed in Table I; the 
mean fetal age at referral was 36.4 + 1.4 weeks (range, 
26 to 44 weeks). 

In each patient at each visit a dynamic ultrasound 
scan was done to record the presence or absence of 
fetal tone, gross body movements, and fetal breathing 
movements and to assess amniotic fluid volume; these 
variables were coded as normal or abnormal according 
to fixed criteria (Table I1). If these initial variables were 
all normal, a nonstress test was not done unless specif- 
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Table II. Technique and interpretation of biophysical profile scoring 


Normal (score = 2) 


Biophysical variable 


Abnormal (score = 0) 





Fetal breathing 
movements 
Gross body movements 


One or more episodes of =30 sec in 30 min Absent or no episcde of 230 sec in 30 min 
Three or more discrete body/limb movements in 
30 min (episodes of active continuous move- 

ment considered as single movement) 

One or more episodes of active extension with 
return to flexion of fetal limb(s) or trunk; 
opening and closing of hand considered nor- 
mal tone 

Two or more episodes of acceleration of 
215 bpm and of 215 sec associated with fetal 
movement in 20 min 

One or more pockets of fluid measuring 21 cm 
in two perpendicular planes 


Two or less episodes of body/limb move- 
ments in 30 min 

Fetal tone Either slow extension with return to partial 
flexion or movement of limb in full ex- 
tension or absent fetal movement 

Reactive fetal heart rate Less than 2 episodes of acceleration of fe- 
tal heart rate or acceleration of <15 
bpm in 40 min 

Either no pockets or a pocket <1 cm in 
two perpendicular planes 


Qualitative amniotic fluid 


Table III. Distribution of test score results and comparison with nonstress test results 


Reacttve Nonreactive 


see | eget (a 
Ultrasound-monitored variable results fests tolal % 


Four variables normal 7663 97.60 34 100 0 0 
Three variables normal 153 1.94 92 64.4 5] 35.6 
Absent fetal breathing 123 -= 80 65 43 35 
Absent fetal movement 8 8 100 0 0 
Absent tone 4 4 106 0 0 

Decreased fluid 18 2 11.1 16 88.9 

Two variables normal 16 0.22 2 12.5 14 87.5 
Absent fetal breathing/tone 9 2 22 7 78 
Absent tone/decreased fluid 7 0 Q 7 100 
One variable normal 15 0.19 0 0 15 100 
Normal movement only 7 0 0 7 100 
Normal fluid only 6 0 0 6 100 
Normal fetal breathing only 2 0 0 2 100 
. All variables normal 4 0.05 0 0 4 100 

Total 7851 128 60.4 84 39.6 





ically requested. If one or more of the dynamic ultra- 
‘sound variables were abnormal, a nonstress test was 
always done and interpreted according to fixed criteria 
(Table II). Repeated testing was recommended on a 
twice weekly basis in postdate pregnancies (>42 com- 
pleted weeks) and diabetes (gestational and insulin-de- 
pendent) and on a weekly basis in all other high-risk 
groups. Criteria for intervention for test results were 
fixed. If the total score was 4 or less, intervention for 
fetal indication was always undertaken. A score of 6 
was considered as indication for induction in the ma- 
ture fetus (>36 weeks) and an indication for repeat 
testing in the immature fetus (<36 weeks); with a per- 
sistent score of 6 intervention was always undertaken. 
Oligohydramnios was always considered an indication 
for intervention regardless of the presence or absence 
of the other score variables, provided the membranes 
were intact and the fetal genitourinary system was 
judged as normal. 
Perinatal mortality, both gross and corrected, was 
used to judge perinatal outcome and test accuracy. A 


corrected perinatal death was defined as death of a 
structurally normal nonisoimmunized fetus with a birth 
weight of at least 500 gm until and including the twenty- 
eighth day of neonatal life. 


Results 


A total of 7851 dynamic ultrasound tests were done 
in the 2712 study patients (mean, 2.9 tests per patient; 
range, one to 16 tests per patient). The four dynamic 
ultrasound-monitored variables were normal in 7663 
of 7851 tests (97.60%). In 153 tests (1.94%) a single 
ultrasound variable was abnormal, in 16 tests two vari- 
ables were abnormal (0.22%), in 15 tests three variables 
were abnormal (0.19%), and in four tests all variables 
were abnormal (0.05%). The frequency of abnormality 
of each variable is listed in Table II]. In decending 
order of frequency abnormal tests were absent fetal 
breathing (149 tests), absent fetal tone (39 tests), ab- 
normal amniotic fluid volume (38 tests), and abnormal 
fetal movements (20 tests). 

A nonstress test was performed as an additional test 
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in 212 of the 7851 tests (2.7%). In 34 instances a non- 
stress test was done by physician request despite all four 
ultrasound-monitored variables being normal; all 34 
tests were reactive (100%). In 178 instances a nonstress 
test was done because one or more ultrasound-moni- 
tored variables were abnormal (2.26% of total tests). 
The incidence of an abnormal nonstress test result in- 
creased progressively as the number of abnormal ul- 
trasound-monitored variables increased, ranging from 
35.6% nonreactive tests with one abnormal ultrasound 
variable to 100% nonreactive tests when three or 
more ultrasound-monitored variables were abnormal 
(Fig. 1). 

Seventeen perinatal deaths occurred among the 2752 
fetuses studied (gross perinatal mortality, 6.17 per 
1000), of which 10 were stillbirths (gross stillbirth rate, 
3.63 per 1000). Thirteen of the 17 perinatal deaths 
were due to either major structural anomaly (10 deaths) 
or severe isOimmunization and fetal hydrops (three 
deaths). The corrected perinatal mortality in this study 
population was 1.45 per 1000 (four deaths). In two of 
these corrected perinatal deaths fetal death occurred 
within 1 week of a normal test result, vielding a false 
negative rate of 0.73 per 1000; in one instance the death 
resulted from massive abruptio placentae and in the 
other the cause of death was undetermined and pre- 
sumed asphyxial in origin. The remaining two cor- 
rected deaths occurred despite intervention for an ab- 
normal score and are also presumed to be asphyxial in 
origin. 


Comment 


Before accepting a change in a testing method it is 
essential to demonstrate that the proposed modification 
yields similar or superior test accuracy and is of some 
clinical advantage. The modification of the fetal bio- 
physical profile score by selective use of the nonstress 
test component as described here appears to satisfy 
these criteria. The modified testing method yielded a 
gross perinatal mortality of 6.17 per 1000, a corrected 
perinatal mortality of 1.43 per 1000, and a false neg- 
ative rate of 0.73 per 1000. In a large prospective clin- 
ical study using the complete fetal biophysical score, 
the comparable rates were a gross perinatal mortality 
of 7.37 per 1000, a corrected perinatal mortality of 1.90 
per 1000, and a false negative rate of 0.65 per 1000.’ 
Other studies using the complete fetal biophysical pro- 
file score have reported similar results.** Therefore the 
modification studied, that is, selective use of the non- 
stress test, has not produced any measurable decrease 
in test accuracy. | . 

The main clinical advantage of this modification is 
the elimination of the need for performing the non- 
stress test in all but 2.7% of patients, thereby reducing 
testing time and fetal exposure to additional Doppler 
ultrasound energy. The time required to perform the 
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Fig. 1. Histogram of distribution of nonreactive nonstress test 
results as compared to the results of the dynamic ultrasound- 
monitored variables. A detailed breakdown of individual vari- 
able results to the nonstress test results is given in ‘Table III. 


dynamic ultrasound monitoring in this study was not 
recorded, but in previous studies it is reported that in 
97% of instances these variables when normal will be 
observed within the first 10 minutes.' Since in this study, 
as in previous studies, the large majority of dynamic 
ultrasound tests will yield normal variables (97.73%), 
testing time is short and patients may be assessed more 
rapidly. In this center the modification has dramatically 
improved the efficacy of the testing unit, shortened the 
duration of the patient’s visit, and increased the num- 
ber of tests that may be performed daily. This advance 
is achieved without any measurable change in predic- 
tive accuracy. 

The relationship between the ultrasound-monitored 
variables and the nonstress test results is intriguing. 
The acute fetal biophysical variables measured, fetal 
breathing, tone, movement, and heart rate acceleration 
with moyement, are known to be influenced by fetal 
sleep-wake cycles.’ In the small number of cases studied 


when all ultrasound-monitored variables were nor- 
mal, the nonstress test was always reactive (34 cases); 
whether this association is invariable cannot be deter- 
mined from this sample size. This association suggests 
that when testing occurs during a time when the normal 
fetus is in active sleep, all acute variables are likely to 
be normal. In contrast, when any single ultrasound- 
monitored variable other than amniotic fluid volume, 
is abnormal, the addition of the nonstress test is useful 
in differentiating the fetus in quiet sleep from the com- 
promised fetus. In this study absent fetal breathing 
movements were the most common single abnormal 
variable. Fetal breathing movements are known to be 
periodic in nature and markedly influenced by sleep 
state.” When fetal breathing movements were absent 
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for 30 minutes, an immediate nonstress test yielded 
normal results in 65% of cases (80 of 123 tests). This 
relatively high frequency of a reactive nonstress test in 
such cases is probably the result of the extended testing 
time with spontaneous fetal transition from quiet to 
active sleep. Since the predictive accuracy of the non- 
stress test and fetal breathing movements when con- 
sidered as single variables is equal, the presence of a 
reactive nonstress test despite absent fetal breathing 
movements may be considered reassuring.” A similar 
effect of sleep state may explain the high probability 
of a reactive nonstress test despite either abnormal fetal 
movements or tone and again is considered reassuring. 
Decreased amniotic fluid volume shows a distinctly dif- 
ferent association with the nonstress test results, in this 
small sample size (n = 38) yielding a nonreactive test 
in 33 instances (86.9%). Since decreased amniotic fluid 
volume is not acutely influenced by fetal sleep state and 
is associated with a sharp increase in perinatal com- 
promise and mortality,’”"’ this high correlation is not 
unexpected. When two or more ultrasound-monitored 
variables were abnormal, the probability of a nonreac- 
tive nonstress test result rose dramatically. Since the 
risk of perinatal compromise rises as more ultrasound- 
monitored variables become abnormal,’ this association 


_is more likely due to intrauterine asphyxia and less 


likely due to influence of fetal sleep state. 

In theory the fetal biophysical profile score measures 
immediate fetal condition as reflected by the presence 
of central nervous system—regulated acute biophysical 
variables (movement, breathing, tone, and heart rate 
reactivity) and chronic fetal condition as reflected by 
amniotic fluid volume. As demonstrated in this study 
and others,” '® the predictive value of these acute vari- 
ables are interchangeable and no advantage is gained 
provided all or most are normal. In contrast, amniotic 
fluid volume determination is a separate and critical 
variable improving predictive accuracy in both the gen- 
eral high-risk groups and specific high-risk subsets such 
as the postmature fetus” and the fetus with intrauterine 
growth retardation.’ We are of the opinion then that 
any method of risk assessment using acute variables, 
be they the nonstress test alone or dynamic ultrasound- 
monitored variables such as fetal breathing, movement, 
and tone, also requires consideration of amniotic fluid 
volume to achieve maximal predictive accuracy. If this 
principle were accepted, then at least two testing strat- 
egies would arise. One approach would be to record 
the nonstress test and then use B-mode ultrasound to 
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assess amniotic fluid volume. To date the results of 
clinical testing of this method are not reported. This 
present study presents the alternative approach, that 
is, combining simultaneous amniotic fluid volume and 
fetal breathing, movement, and tone as the primary 
test, reserving the nonstress test for cases in which one 
or more of these variables are abnormal. This approach 
yielded improvement in testing logistics without com- 
promising accuracy. Whether this approach is better 
than the alternate nonstress test and amniotic fluid vol- 
ume determination cannot be determined but warrants 
further investigation. 
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Embryonic trunk circumference: A new biometric parameter 


for estimation of gestational age 


E. Albert Reece, M.D., Angela L. Scioscia, M.D., Jacqueline Green, M.S., R.D.M.S., 


Theresa Z. O’Connor, M.P.H., and John C. Hobbins, M.D. 


New Haven, Connecticut 


One hundred thirty-one uncomplicated, singleton pregnancies between 7 and 12 weeks of gestation were 
ultrasonically examined. Evaluation included confirmation of cardiac activity and measurements of fetal 
crown-rump length and trunk circumference. Both crown-rump length and trunk circumference were 
curvilinearly correlated with gestational age. A second- and third-degree polynomial equation best 
described this curvilinear relationship between trunk circumference and gestational age and between 
crown-rump length and gestational age. The crown-rump length and trunk circumference were similar in 
their prediction of gestational age, but the combination of the two parameters did not improve the 
prediction of gestational age. A nomogram of gestational age as predicted by trunk circumference was 
generated. These data provide an additional measurement for the estimation of gestational age in the first 


trimester of pregnancy. (Am J Osstet GYNECOL 1987;156:713-5.) 


Key words: Ultrasound, abdominal circumference, embryonic age, gestational age 


In 1973 Robinson’ described the ultrasonic mea- 
surement of the fetal crown-rump length and its cor- 
relation with gestational age. Subsequent reports have 
shown that a crown-rump measurement during the first 
trimester is predictive of gestational age within 4.7 days. 
The original study was performed on B-mode scanners 
and was subsequently confirmed with real-time sonog- 
raphy.** When measured properly the crown-rump 
length can estimate the gestational age with a high de- 
gree of accuracy. However, it is the only measurement 
with which to estimate gestational age in the first trimes- 
ter. Additional measurements for the corroboration of 
age are currently unavailable. 

The purpose of this study was to determine whether 
an additional biometric parameter could be generated 
for estimating the embryonic age that would serve 
as a useful adjunct in corroborating or rejecting 
the prediction of age obtained by the crown-rump 
length. 


Patients and methods 


Patients with uncomplicated pregnancies were re- 
cruited from the private and university practices for 
ultrasound examinations. Patients were included in this 
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study if they had regular menses, if the date of the last 
menstrual period was known, and if the gestational age 
was confirmed by embryonic crown-rump length mea- 
surement (within 4 days of each other). All pregnancies 
were singleton gestations. The examinations were con- 
ducted with a 5.0 MHz sector scanner or Technicare 
Aloka 280 SL (General Electric RT 3000, Milwaukee, 
Wisconsin) with dynamic focusing capability in which 
optimal resolution was possible at varying depths of 
tissue penetration. Each examination included a mea- 
surement of crown-rump length and trunk circumfer- 
ence. The crown-rump length was measured in the 
longest axis of the fetus, excluding limbs, in the manner 
described by Robinson and Fleming.'’ The trunk cir- 
cumference was measured perpendicular to the long 
axis at a point just caudal to the cardiac pulsation 
(Fig. 1). The trunk circumference was calculated as the 
mean of two trunk diameters multiplied by 3.14. The 
data, which comprised a single examination from each 
patient, were analyzed by producing scatter plots, then 
determining the polynomial equation that best de- 
scribed the relationship between crown-rump length 
and trunk circumference and gestational age as cal- 
culated by the last menstrual period. In addition, a 
multiple regression analysis was used to determine 
whether the combination of trunk circumference and 
crown-rump length would predict gestational age more 
precisely than crown-rump length alone. 


Results 


One hundred thirty-one uncomplicated pregnancies 
between 7 and 12 weeks of gestation were examined, 
with low interobserver error. The trunk circumference 
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Fig. 1. Ultrasound picture of a first-trimester conceptus, with the embryo seen in longitudinal view . 
and its crown-rump length (CRL) measured. Note also the cross-sectional (TC) view of the embryo 
taken below the cardiac pulsation. The umbilical cord (CORD) can be seen (}}) as it enters the fetal 
abdomen and also as it inserts itself into the placenta (If). i 
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Fig. 2. Scattergram of trunk circumference measurements 
(X axis) predicting gestational age (Y axis), with fitted ue 
degree polynomial represion line. 


was highly correlated with gestational age ma with the 
crown-rump length (p <0. 0001). The growth of trunk 
circumference over time as a measure of gestational age 
was curvilinear and was best represented by a second- ` 
degree polynomial equation (Figs. 2 and 3). Growth of 
the crown-rump length with age and with trunk circum- 
` ference was also curvilinear and best described by`a 
third- degree polynomial equation (Fig. 4). Tests of 
higher degree terms showed them to be nonsignificant. 
The equations describing the above relationships are: 


y © 


‘GA 
GA 
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Fig. 3. Mean trunk AE A measurements + 2 stan- 


dard deviations plotted against gestational age. 


6.23 + (0.16)TG + (—0.001I)TC?; R? = 0.58 
5.23 + (2.53)CRL + (—0.345)CRL? + 
'  (0.0172)CRL'; R? = 0.71 


A nomogram of gestational age as pedit by the 
trunk circumference was generated (Table I). Multiple 


regression analysis revealed that the combination of 


trunk circumference and crown-rump length did not 
improve the prediction of gestational age over that us- 
ing crown-rump length alone. ` 
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Table I. Embryonic trunk circumference and 
estimation of gestational age 













Gestational 
age + 2 SD* 
(wk) 


Trunk 
circumference 





10 142-205 
12 7.99 + 0.4 
15 8.39 + 0.3 
17 8.64 + 0.3 
20 8.99 + 0.2 
22 9.22 + 0.2 
25 9.55 + 0.2 
27 9.75 + 0.2 
30 10.05 + 0.2 
32 10.23 + 0.2 
35 10.49 + 0.2 
37 10.65 + 0.2 
40 10.88 + 0.2 
42 11.02 + 0.2 
45 11.22 + 0.2 
47 11.33 + 0.2 
50 11.50 + 0.2 
55 11.72 + 0.8 
60 11.89 + 0.5 
65 12.01 + 0.7 
70 l 12.07 + 0.9 


*Overall, 2SD = +3 days. 


Comment 


Embryonic growth observed by measuring the long 
axis of the fetus or the crown-rump length follows a 
curvilinear growth pattern over time and predicts ges- 
tational age in the first trimester of pregnancy with an 
accuracy of +4.7 days.* Chervenak et al.,° using basal 
body temperature to date conception, have shown the 
crown-rump length to be a more accurate measure of 
gestational age than the human chorionic gonadotropin 
titer done during the first trimester. Until now, the 
crown-rump length measurement has been the most 
accessible and accurate predictor of gestational age and 
the only available method for estimating gestational age 
in the first trimester. The current study has demon- 
strated that the growth of the embryonic trunk circum- 
ference is similar to that of the crown-rump length and 
provides an additional means of estimating gestational 
age in the first trimester with an accuracy of +3 days. 
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Fig. 4. Scattergram of crown-rump length plotted against 
trunk circumference, with fitted third-degree polynomial 
regression line. 


The adjunctive utilization of trunk circumference mea- 
surements to estimate age may serve to confirm or reject 
information derived from crown-rump length deter- 
minations. 
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Levels of epidermal growth factor binding in third-trimester 
and term human placentas: Elevated binding in term placentas 


of male fetuses 


Melinda J. Brown, Ph.D., Christine L. Cook, M.D., John L. Henry, M.S., and 


Gregory S. Schultz, Ph.D. 
Louisville, Kentucky 


Specific binding of iodine 125~-labeled epidermal growth factor was measured in membrane homogenates _ 
of third-trimester and term human placentas of male and female fetuses. All p'acentas (n = 35) generated 
curvilinear Scatchard plots, and ali placentas had similar equilibrium dissociation constants for both 
high-affinity (210 pmol/L) and low-affinity (830 pmol/L) binding sites. Mean maximum number of available 
binding sites of term placentas from male fetuses (330 + 110 fmol/mg proteir; n = 11) was significantly 
higher (p < 0.001) than that of female fetuses (170 + 80 fmol/mg protein, n = 13). Occupation of 
epidermal growth factor receptors by endogenous epidermal growth factor could not account for the 
difference in levels of epidermal growth factor binding. Kendall’s rank order ccrrelation test demonstrated a 
significant positive correlation of the gestational age in weeks with the maximum number of epidermal 
growth factor receptors in placentas from male fetuses (p < 0.002; T = 0.527; n = 17) and female fetuses 
(p < 0.01; T = 0.404; n = 18). These results indicate (1) that there is a sexual dimorphism in the level of 
epidermal growth factor receptors in placentas of male and female fetuses during the third trimester and 
(2) that the level of epidermal growth factor receptors increases during the third trimester for placentas of 
both male and female fetuses. (Am J Osstet GynecoL 1987;156:716-20.) 


Key words: Epidermal growth factor binding, placenta, development 


The presence of high levels of epidermal growth fac- 
tor binding in placental tissue’ strongly suggests that 
epidermal growth factor plays important physiologic 
roles in fetoplacental function. For example, epidermal 
growth factor has been shown to stimulate the secretion 
of human chorionic gonadotropin and human placen- 
tal lactogen in cultures of normal term human placental 
cells” and to stimulate the secretion of human chorionic 
gonadotropin** and progesterone’ in cultured human 
choriocarcinoma cells. All of these biologic actions of 
epidermal growth factor are presumably mediated by 
receptors for epidermal growth factor, and thus the 
response of tissues to epidermal growth factor may be 
regulated in part by their levels of epidermal growth 
factor receptor. Regulation of epidermal growth factor 
receptor levels in the placenta is not well understood. 
We have measured levels of epidermal growth factor 
binding in placental membranes to determine whether 
receptor levels change during development in the third 
trimester and whether differences exist between male 
and female placental tissue at term. 
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Material and methods 


Common chemicals, chloramine T, and testosterone, 
were obtained from Sigma Chemical Co., St. Louis, 
Missouri. Sodium iodide I-125 solution was obtained 
from Amersham Corp., Arlington Heights, Illinois. 
Gelman filters were obtained from Gelman Instru- 
ments, Quincy, Massachusetts. 

Tissue collection and preparation. Preterm and 
term human placentas were obtained after normal vag- 


inal delivery or after cesarean section. All placentas 


were immediately placed on ice, brought to the labo- 
ratory, and frozen. Placentas were homogenized with 
a Polytron homogenizer (Brinkman Instruments, West- 
bury, New Jersey) at 4° C in buffer (10 mmol/L Tris 
hydrochloride [pH 7.0], 250 mmol/L sucrose, and 
I mmol/L calcium chloride), then filtered through 
cheesecloth as previously described. Homogenates 
were stored in aliquots at ~20° C until assayed for 
binding. Protein content in each homogenate was de- 
termined after membranes were digested at 80° C in 
0.1 mol/L sodium hydroxide containing 0.1% sodium 
dodecyl sulfate by the method of Lowry et al., with 
bovine serum albumin used as the standard. 

Isolation and iodination of mouse epidermal growth 
factor. Mouse epidermal growth factor was isolated and 
purified to homogeneity from the submandibular 
glands of testosterone-stimulated male mice according 
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to the procedure of Savage and Cohen. Mouse epi- 
dermal growth factor was iodinated with chloramine T, 
and concentrations of mouse epidermal growth factor 
solutions were determined by spectrophotometric ab- 
sorption at 280 nm (1 mg/ml = 3.09 absorption units). 

Epidermal growth factor binding studies. Specific 
epidermal growth factor binding was measured as de- 
scribed previously.® Briefly, in experiment 1, aliquots 
(100 pl) of homogenate containing 50 pg of protein 
were incubated for 2 hours at 22° C with increasing 
concentrations of iodine 125—labeled mouse epidermal 
growth factor (9 to 5100 pmol/L; specific activity, 226 
wCi/g) in the presence and absence of 0.2 pmol/L 
unlabeled epidermal growth factor. Total volume of the 
incubation mixture was brought to 200 pl by addition 
of buffer (150 mmol/L sodium chloride and 1.0% bo- 
vine serum albumin). After incubation was complete 
suspensions were collected by filtration on 0.2 um Gel- 
man filters (GA-8), washed with 10 ml of ice-cold buffer 
(10 mmol/L Tris hydrochloride, pH 7.0), and counted 
in a Searle Model 1119 autocounter (Searle Labora- 
tories. Chicago, Illinois) with a counting efficiency of 
63% for I. Alternatively, in experiment 2, after the 
material was incubated as above with increasing con- 
centrations of ‘I-labeled epidermal growth factor (5 
to 5000 pmol/L; specific activity, 343 pCi/ug), 3 ml of 
cold buffer was added to membrane suspensions, and 
suspensions were then centrifuged at 10,000 x g for 
20 minutes at 4° C. Supernatant solutions were poured 
off, and pellets were counted in a Beckman 4000 Bio- 
gamma counter (Beckman Instruments Inc., Fullerton, 
California) with an efficiency of 70% for =I. We have 
demonstrated previously that binding of ‘I-labeled 
epidermal growth factor to human placental membrane 
reaches equilibrium after 2 hours at 22° C and that 
binding of '*J-labeled epidermal growth factor is highly 
specific with these techniques.® 

Specific binding data were calculated by subtracting 
the amount of epidermal growth factor bound in the 
presence of unlabeled mouse epidermal growth factor 
from that bound in the absence of unlabeled mouse epi- 
dermal growth factor. Specific binding was transformed 
by the method of Scatchard, and equilibrium dissocia- 
tion constants for high- and low-affinity sites and max- 
imum number of available binding sites were deter- 
mined by use of the ISIS-12 computer program (Na- 
tional Institutes of Health, Bethesda, Maryland)."° This 
program estimated affinities and binding capacities of 
two heterogeneous binding sites by the limiting slope 
technique. Identity of the sex of the fetus was masked 
until data for placental homogenates were calculated. 

Rapid debinding of endogenous epidermal growth 
factor and rebinding of “I-labeled epidermal growth 
factor. Incubation of I-labeled epidermal growth fac- 
tor with placental membrane homogenates under the 


Epidermal growth factor binding in placentas 717 


T 
A. a 
20 
Ns 
a o n 
o 10 aa. o >P 
z yer 
no) o” 
and Pa 
3 y 
D 
E oO 
S 
ba B. 
u 
© 20 
g A 
= 
n N3 
IO 
A 
_ 2925p 
oS a = 
o” 
0 
o o 20 30 


Molarity [EGF | added x 10'° 


Fig. 1. Titration of I-labeled epidermal growth factor bind- 
ing to homogenates of normal term placentas. Aliquots of 
placental homogenate containing 50 pg of protein were in- 
cubated with increasing concentrations of ‘I-labeled mouse 
epidermal growth factor in the presence or absence of 0.2 
pmol/L unlabeled epidermal growth factor for 2 hours at 
22° C. Specific binding (©) was calculated by subtracting non- 
specific binding (@) from total binding (4). A, Epidermal 
growth factor binding to placenta of male fetus. B, Epidermal 
growth factor binding to placenta of female fetus. 


conditions described above measures unoccupied epi- 
dermal growth factor receptors. To measure the per- 
cent of epidermal growth factor receptors occupied by 
endogenous epidermal growth factor, membranes were 
stripped of bound epidermal growth factor by brief 
exposure to low pH at cold temperature as described 
previously." Specific epidermal growth factor binding 
was then measured and compared with the level of 
epidermal growth factor binding in companion mem- 
branes not exposed to debinding conditions. Briefly, 
membranes were exposed to 40 mmol/L sodium ace- 
tate, pH 4.5, at 4° C for 4 minutes, then centrifuged at 
10,000 x g for 2 minutes at 4° C with a Beckman mi- 
crofuge. The supernatant solution was removed, and 
membranes were immediately resuspended in 40 
mmol/L sodium acetate, pH 7.0. Specific binding was 
then measured as described above. This procedure re- 
moved >90% of '”I-labeled epidermal growth factor 
bound to hepatocytes in culture membranes, with 
<10% loss of epidermal growth factor rebinding ca- 
pacity in vitro.” 
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Fig. 2. Scatchard plots of specific "I-labeled epidermal growth 
factor binding from Fig. 1. Equilibrium dissociation constants 
and the maximum number of available binding sites were 
determined by the ISIS-12 program. A, Term placenta of male 
fetus. B, Term placenta of female fetus. 


Statistical analysis. Kendall’s rank order correlation 
test and Student's / test were used for statistical analysis 
of the data. 


Results 


Specific binding to term placentas. Representative 
titration curves of specific binding of ‘I-labeled epi- 
dermal growth factor to crude membranes from term 
placentas of male and female fetuses are shown in 
Fig. 1. Nonspecific binding was linear for placentas 
from both male and female fetuses (mean R? = 0.99; 
n = 24) over the range of '*I-labeled epidermal growth 
factor added and represented approximately 60% of 
total binding at high levels of '*I-labeled epidermal 
growth factor. Specific binding approached a plateau 
at approximately | nmol/L, indicating saturation of 
specific binding sites in homogenates of 20 of 25 term 
placentas. The five placental homogenates not ap- 
proaching saturation were all from male fetuses. The 
average half-saturation concentration of ‘I-labeled 
epidermal growth factor estimated from titration 
curves was 710 + 90 pmol/L and agreed well with the 
average low-affinity dissociation constant calculated 
from Scatchard plots. 

Scatchard transformation of specific binding gener- 
ated curvilinear plots in all term placentas (Fig. 2). Sim- 
ilar equilibrium dissociation constants were derived in 
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all male (n = 11) and all female placentas (n = 13) 
for low-affinity binding sites (dissociation constant = 
720 + 180 pmol/L) and for high-affinity binding sites 
(dissociation constant = 140 + 60 pmol/L). 

The average of the maximum available binding sites 
extrapolated from Scatchard plots from experiment | 
of term placentas from six male fetuses was signifi- 
cantly higher (p < 0.005 by ¢ test) than the average of 
the maximum binding sites of term placentas from 
eight female fetuses (Bmax = 310 + 40 and 130 + 20 
fmol/mg protein, respectively). In experiment 2, ad- 
ditional placentas from five male and five female fetuses 
were assayed for specific epidermal growth factor bind- 
ing. As found in experiment 1, Scatchard transfor- 
mation of specific epidermal growth factor binding in- 
dicated that placental membranes from male fetuses 
bound significantly (p < 0.05 by ¢ test) more epidermal 
growth factor than placental membranes from female 
fetuses (360 + 90 fmol/mg of protein for male and 
230 + 70 fmol/mg of protein for female fetuses). 
When data from the two experiments are combined, 
placentas from 11 male fetuses bound significantly 
(p < 0.001 by é test) more epidermal growth factor than 
placentas from 13 female fetuses (330 + 100 versus 
170 + 80 fmol/mg of protein). 

It is interesting to note that when specific epidermal 
growth factor binding was calculated by use of values 
obtained at a near-saturating concentration (1 nmol/L) 
of ‘I-labeled epidermal growth factor from data col- 
lected in experiment 2, the average level of binding in 
male fetuses (100 + 40 fmol/mgz of protein) was higher 
than the average level cf binding in female fetuses 
(90 + 30 fmol/mg of protein); however, the difference 
did not reach statistical significance (p < 0.5). Thus it 
is important to analyze placental binding by conducting 
multipoint titration analysis with high levels of epider- 
mal growth factor and to analyze specific binding by 
Scatchard transformation. 

When placental membranes from four male and four 
female term fetuses were incubated with ‘I-labeled 
epidermal growth factor and washed by centrifugation 
as described in experiment 2, then subjected to rapid 
debinding conditions, 85% + 5% of the specifically 
bound '*]-labeled epidermal growth factor was re- 
moved. Thus endogenous epidermal growth factor 
bound to receptors of male or female fetuses also 
should be removed equally well by the rapid debinding 
conditions. To determine the extent of occupancy of 
epidermal growth factor receptors by endogenous epi- 
dermal growth factor, placental membranes from four 
male and four female term fetuses were subjected to 
rapid debinding conditions, assayed for specific epi- 
dermal growth factor binding, and then compared with 
companion samples of placental membranes not sub- 
jected to rapid debinding conditions. Recovery of spe- 
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Fig. 3. Correlation between gestational age and level of epidermal growth factor binding in placental 
homogenates cf male and female fetuses. Level of epidermal growth factor binding was determined 
from the ISIS-12 program after Scatchard transformation of binding data and was significantly 
correlated with fetal age in weeks of gestation when subjected to Kendall’s rank correlation test. 


cific epidermal growth factor binding after rapid de- 
binding and rebinding was very similar in placental 
membranes from male and female fetuses (92% + 17% 
and 90% + 13%, respectively). Assuming any perma- 
nent denaturation of epidermal growth factor receptor 
during rapid debinding is identical between placental 
membranes of male or female fetuses, occupation of 
_ epidermal growth factor receptors by endogenous epi- 
dermal growth factor cannot explain the approximate 
twofold increases in epidermal growth factor binding 
observed in’ placental membranes of male fetuses com- 
pared with female fetuses. 
` Specific binding to preterm placentas. Titration of 
'3]-labeled epidermal growth factor binding to ho- 
mogenates of preterm placentas was very similar to that 
of homogenates obtained from term placentas. Non- 
specific binding was linear in the range of the assay 
(mean R? = 0.99; n = 11) and represented approxi- 
mately 60% of the total binding at high levels of '*I- 
labeled epidermal growth factor. Specific binding pla- 
teaued in all 11 homogenates, and Scatchard transfor- 
mations were curvilinear. Dissociation constants for 
low- and high-affinity sites were 560 + 100 and 210 + 
100 pmol/L, respectively, and were in good agreement 
with half-saturation values obtained from titration 
curves. Dissociation constants were not significantly dif- 
ferent (p > 0.5) between placentas of preterm male and 
female fetuses. | 
Kendall’s rank order correlation test (Fig. 3) dem- 
onstrated a significant positive correlation of gestational 
age between 20 and 40 weeks with the level of receptors 
for epidermal! growth factor in placentas from male 


fetuses (n = 17; p < 0.002; T = 0.527) as well as in 
placentas of female fetuses {n = 18; p< 0.01, T= 
0.404). . 


Comment 


Our results demonstrate that membranes from term 
placentas of normal male fetuses express significantly 
higher levels of epidermal growth factor binding than 
membranes from term placentas of normal female fe- 
tuses. This difference could not be explained by higher 
percent occupancy of epidermal growth factor recep- 
tors by endogenous epidermal growth factor in pla- 
cental membranes from female placentas, since rapid 
debinding of epidermal growth factor followed by mea- 
surement of specific epidermal growth factor binding 
indicated very similar levels of recovery of epidermal 
growth factor binding compared to untreated mem- 
branes. It is interesting to note that Benveniste and 
Carson”. also recently reported that epidermal growth 
factor binding was significantly higher in liver cell mem- 
branes prepared from male rats compared with female 
rats. Thus two tissues have shown sexual dimorphism 
of epidermal growth factor binding, that is, rat liver 
and human placenta. Presumably, the higher level of 
epidermal growth factor binding in the male placenta 
represents an important physiologic distinction in the 
magnitude or sensitivity of response to epidermal 
growth factor between placental cells of male and fe- 
male fetuses. _ | 

We also observed a significant positive correlation 
between gestational age and epidermal growth factor 
binding during the second half of pregnancy (20 weeks 
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to term) for male and female placentas. Our results are 
in general agreement with those of Carson et al. who 
reported that Scatchard analysis of levels of specific 
epidermal growth factor binding to placental mem- 
branes showed a significant positive correlation with 
advancing gestational age during the first and second 
trimesters (6 to 21 weeks) and at term. Lai and Guyda’ 
also reported a significantly higher level of epidermal 
growth factor binding to cultures of placental cells es- 
tablished from a term placenta compared with that of 
placental cell cultures established from a placenta of a 
fetus of 15 weeks’ gestation. Levels of epidermal] growth 
factor binding were not correlated with sex of fetuses 
in either previous study.* "* 

The physiologic significance of the increase in level 
of epidermal growth factor binding during the first, 
second, and third trimesters of pregnancy suggested 
by our data and the data of Carson et al.™ is not known. 
However, we have noted a peak of maternal urinary 
epidermal growth factor level around 20 weeks of ges- 
tation, followed by a rise near term (unpublished ob- 
servation). Fluctuations in placental epidermal growth 
factor receptor level and maternal-fetal blood levels of 
epidermal growth factor would seem to suggest an im- 
portant dynamic role of this factor and its receptor in 
pregnancy, 

Regulation of epidermal gr owth factor receptor 
levels in the placenta is poorly understood. Placental 
epidermal growth factor receptors do undergo the ex- 
pected acute down-regulation phenomenon observed 
with other cells when exposed to high levels of epider- 
mal growth factor,” but further information regarding 
regulation of epidermal growth factor receptors in pla- 
centa cells is lacking. Regulation of epidermal growth 
factor receptor level has been studied more thoroughly 
in hepatocytes. Epidermal growth factor binding in 
membrane preparations from livers of hypothyroid 
rats was approximately 35% compared with that in 
euthyroid control animals, and treatment of hypothy- 
roid animals with a single dose of triiodothyronine re- 
stored epidermal growth factor binding to near control 
levels." Also, while epidermal growth factor exposure 
acutely induced down-regulation of epidermal growth 
factor receptors in nontransformed rat liver epithelial 
cells in vitro, epidermal growth factor also increased 
epidermal growth factor receptor messenger ribonu- 
cleic acid levels by threefold to fivefold, thus counter- 
balancing the acute down-regulation effect to some 
extent." : 

Although the physiologic roles of epidermal growth 
factor and its receptor in the placenta are not clearly 
understood, the substantial levels of epidermal growth 
factor receptors in the placenta strongly imply their 
importance. The sexual dimorphism of epidermal 
growth factor receptor levels and the progressive in- 
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crease in receptors during the second half of gestation 
reported here add additional complexities that need to 
be considered in developing models for their roles. It 
is interesting to speculate that epidermal growth factor 
and its receptors might be involved in one of the sexual 
dimorphic traits of newborn infants such as birth 
weight Additional data, however, are regiunea to 
evaluate this possibility. 


We thank Collin Osuamkpe for his help in the bind- 
ing studies. 
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Immunohistochemical localization of epidermal growth factor 
receptor and myc oncogene product in human placenta: 
Implication for trophoblast proliferation and differentiation 


Takeshi Maruo, M.D., and Matsuto Mochizuki, M.D. 
Kobe, Japan 


Cytologic localization of epidermal growth factor receptor and myc oncogene protein product in 

developing human olacenta was analyzed by avidin/biotin immunoperoxidase techniques with a 
monoclonal antibody to epidermal growth factor receptor and an affinity purified polyclonal antibody to myc 
protein product. Epidermal growth factor receptor was found to be almost exclusively localized to 
syncytiotrophoblast, paralleling the immunohistochemical localization of human chorionic gonadotropin. 
Since epidermal growth factor has been shown to stimulate human chorionic gonadotropin and human 
placental lactogen production by cultured early placental tissue, the present finding that epidermal growth 
factor receptor was localized to mitotically inactive syncytiotrophoblast suggests a role for epidermal 
growth factor receptor in the induction of differentiated function of trophoblast rather than trophoblast 
proliferation. By contrast, myc protein product was found to be predominantly localized to cytotrophoblastic 
cells, paralleling the autoradiographic distribution of replicating cytotrophoblast identified by tritiated 
thymidine labeling of placental explant. A close similarity between the cytologic localization of myc protein 
product and tritiated thymidine labeling of placental explant suggests that myc protein expression is linked 
to trophoblast proliferation. Furthermore, immunohistochemical cellular levels of both epidermal growth 
factor receptor and myc protein product were most pronounced in early placenta and declined in term 
placenta. Thus myc protein product and epidermal growth factor receptor seem to play a crucial role in the 
induction of trophoblast proliferation and differentiation, respectively, during the development of human 


placenta. (Am J OpsTeT GYNECOL 1987;156:721-7.) 


Key words: Placental trophoblast, proliferation; differentiation, epidermal growth factor 


receptor, myc oncogene product 


The trophoblast in early human placenta is com- 
posed of two distinct layers: an outer cell layer of mul- 
tinuclear syncytiotrophoblast and inner cell layer of 
mononuclear cytotrophoblast. The cytotrophoblast dis- 
plays highly proliferative and invasive properties very 
early in the first trimester. It is now-evident that the 
syncytiotrophoblast is formed from the cytotrophoblast 
by a process of proliferation followed by cell fusion, 
and it displays little potential for proliferation.’ ? The 
syncytiotrophoblast is therefore regarded as mitotic 
end-stage cell derived from cytotrophoblast. 

However, regulatory factors involved in processes of 
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proliferation and differentiation of the placental tro- 
phoblast still remain to be elucidated. We have recently 
demonstrated that epidermal growth factor, a single 
chain polypeptide that is mitogenic for a variety of cul- 
tured cells, stimulates the production of both human 
chorionic gonadotropin and human placental lactogen 
by cultured early placental tissues,”* which suggests that 
epidermal growth factor may play a role in the induc- 
tion of the differentiated function of trophoblast. 

On the other hand, abundant evidence is now avall- 
able that a number of the oncogenes of transforming 
viruses are related to normal growth factors and their 
receptors. Close similarity has been noted between 
platelet-derived growth factor and the translation 
product of v-sis oncogene” and between the cytoplasmic 
domain of epidermal growth factor receptor and the 
translation product of erb-B oncogene.' Of about 20 
cellular oncogenes, myc oncogene is known to encode 
a protein localized to the nucleus of transformed cells. 
Several lines of recent evidence suggest a role for myc 
oncogene in cell proliferation.® 

In the present study, attention was focused on the 
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expression of epidermal growth factor receptor and 
myc oncogene product in normal human placenta; the 
cytologic localization of these two factors in developing 
human placenta observed. by the immunohistochemical 
techniques with a monoclonal antibody to epidermal 
growth factor receptor and an affinity-purified poly- 
clonal antibody to human myc product was discussed 
in relation to their possible physiologic roles in the de- 
velopment of human placenta. 


Material and methods 


Material. First-trimester placentas were obtained 
from patients undergoing elective abortions at 6 to 10 
weeks of pregnancy. Midterm placentas were obtained 
at the time of elective abortion at 20 to 22 weeks of 
pregnancy, whereas term placentas were obtained after 
spontaneous term deliveries with no medical compli- 
cations. 

Immunohistocheniical staining. Placental tissues ob- 
tained were fixed in 4% buffered neutral formalin, de- 
hydrated and embedded in paraffin. Sections, 5 to 
6 wm in thickness, were deparaffinized and followed 
by standard histologic techniques. 

Immunohistochemical staining was performed by av- 
idin/biotin immunoperoxidase techniques’ with the use 
of a polyvalent immunoperoxidase kit (Omnitags, Lip- 
shaw, Michigan), which can be used with any primary 
antibody produced in rabbit, sheep, mouse, or guinea 
pig. A mouse monoclonal antibody against mouse 
epidermal growth factor receptor (Oncor Inc., Gaith- 
ersburg, Maryland), an affinity-purified sheep poly- 
clonal antibody against human myc translation product 
(Oncor Inc.), and an affinity purified rabbit poly- 
clonal antibody against hCGB-carboxyl terminal pep- 
tide (Takeda Chemical Industries, Osaka, Japan) were 
used, respectively, as the primary antibodies in this 
study. 

Tissue sections were first bleached in 3% hydrogen 
peroxide to block endogenous peroxidase arid covered 
with protein blocking agent to minimize nonspecific 
antibody binding. Sections weré then incubated with 
the respective primary antibody for 60 minutes at room 
temperature. The anti-epidermal growth factor recep- 
tor antibody, anti-myc protein antibody, and anti- 
hCGB-CTP antibody were diluted 1:50, 1:20, and 
1:50 before use, respectively. The first incubation with 
primary antibody was followed by the second incuba- 
tion with biotinylated polyvalent antibody and by. the 
third incubation with avidin-horseradish peroxidase. 
Then, chromogenic reaction was developed by incu- 
bating with freshly prepared solution of tetrahydro- 
chloride-diaminobenzidine and hydrogen peroxide. 
Sections were counterstained with Harris hematoxylin. 

The following control procedures were undertaken 
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to assure specificity of the immune reactions. Adjacent 
control sections were subjected to the same immuno- 
peroxidase method with the exception that the pri- 
mary antibodies to epidermal growth factor receptor, 
myc product, and hCGf—carboxyl terminal peptide 
were respectively replaced by nonimmune murine 
IgG (Miles, Elkhart, Indiana), nonimmune sheep IgG 
(Miles) and nonimmune rabbit IgG (Miles). Additional 
control was prepared by the omission of the biotiny- 
lated polyvalent antibody. In the above-mentioned con- 
trols, no positive staining was observed. 

Autoradiography of placental explants exposed to 
tritiated thymidine. Fresh sterile placental tissues 
were rinsed with ice-cold Hanks balanced salt solu- 
tion, and placental villous tissues dissected free of cho- 
rionic membranes were cut into approximately 1 mm’ 
explants. : 

The placental explants were placed on filter papers 
within a plastic plate to which McCoy’s 5a medium 
(Grand Island Biological Co., Grand Island, New York) 
containing 1 Ci/ml of tritiated thymidine (New En- 
gland Nuclear, Boston, Massachusetts) was added. The 
explants were incubated at 37° C for 2 hours in an 
atmosphere of 95% air and 5% carbon dioxide. After 
the pulse incubation, the placental explants were sub- 
jected to autoradiography. by a modified method of 
Kopriwa and Leblond.’ Briefly stated, paraffin-emibed- 
ded sections, 5 ym in thickness, were deparaffinized, 
hydrated, and-dipped in undiluted Kodak liquid emul- 
sion type NTB-2. After partial drying they were ex- 
posed at 4° C for 2 weeks in sealed Bakelite boxes con- 
taining Drierite and then developed in Kodak D-19 
developer. The developed sections were stained with 
Harris hematoxylin. 


Results ; 

Cytologic localization of epidermal growth factor 
receptor. Fig. 1, A, shows the immunohistochemical 
staining for epidermal growth factor receptor in very 
early first-trimester placenta obtained at 6 weeks of 
pregnancy. Prominent staining with anti-epidermal 
growth factor receptor antibody was almost exclusively 
localized to the syncytiotrophoblasts. The immuno- 
staining for epidermal growth ‘factor receptor of the 
syncytiotrophoblasts was apparent not only on the cel- 
lular surface but also on the cytoplasma. Neither cy- 
totrophoblastic cells nor interstitial cells of placental villi 
showed any appreciable staining for epidermal growth 
factor receptor. 

The intensity of the immunostaining for epidermal 
growth factor receptor of placental cells varied over the 
course of pregnancy. The syncytiotrophoblasts of early 
first-trimester placenta demonstrated the most pro- 
nounced staining for epidermal growth factor receptor 














Fig. 1. Immunohistochemical localization of epidermal growth factor receptor in placental tissue 
sections over the course of pregnancy. Formalin-fixed paraffin-embedded sections of a 6-week pla- 
centa (Aj, 22-week placenta (B), and 40-week placenta ( C) were stained by the avidin/biotin immu- 
noperoxidase method with a monoclonal antibody directed against epidermal growth factor receptor. 
Most pronounced staining for the receptor was found in the early placental syncytiotrophoblasts, 
while the cytotrophoblastic cells were negative for appreciable staining. The staining intensity for 
epidermal growth factor receptor declined with the advancing ages of pregnancy. The lighter staining 
of nuclei is the hematoxylin counter stain. (x 200.) 
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Fig. 2. Immunohistochemical localization of hCGB—carboxyl terminal peptide in early first-trimester 
placenta. Formalin-fixed paraffin-embedded sections of a 9-week placenta were stained by the im- 
munoperoxidase method with ann—hCGB—carboxyl terminal peptide antibody which is absolutely 
specific for human chorionic gonadotropin. Syncytiotrophoblasts showed pronounced staining with 
anti-hCGB—carboxyl terminal peptide antibody, whereas cytotrophoblasts were negative for the 
immunostaining for human chorionic gonadotropin. (x 200.) 


i (Fig. 1, A). In the case of midterm placenta obtained 
at 22 weeks of pregnancy (Fig. 1, B), the staining in- 
tensity for epidermal growth factor receptor of the syn- 
cytiotrophoblast was less prominent compared to that 
of early placenta, and term placenta showed a faintly 
positive staining for epidermal growth factor receptor 
(Fig. 1, C). 

The immunohistochemical distribution of epidermal 
growth factor receptor observed in early placenta was 
very similar to that of human chorionic gonadotropin. 
The immunostaining with anti-hCGB—carboxyl ter- 
minal peptide antibody was exclusively localized to 
syncytiotrophoblasts of developing human placenta 
(Fig. 2). 

Cytologic localization of myc protein product. 
Fig. 3, A shows the immunohistochemical staining for 
-myc protein product in early first-trimester placenta 
obtained at 6 weeks of pregnancy. Prominent staining 
with anti-myc product antibody was observed in the 
nuclei of the cytotrophoblastic cells. Although scarce 
staining for myc product was also apparent in the nuclei 
-of the interstitial cells, no appreciable staining for 
myc product was found in the nuclei of syncytiotro- 
phoblasts. | 

The intensity of the immunostaining for myc product 
in placental cells varied over the course of pregnancy. 
The most pronounced staining for myc product was 
observed in the cytotrophoblasts of early placenta 
(Fig. 3, A). In case of midterm placenta obtained at 22 


weeks of pregnancy (Fig. 3, B), the staining intensity 
for myc product in the placental cells was less compared 
to that of early placenta. Term placental cells displayed 
no appreciable staining for myc product (Fig. 3, C). 

Tritiated thymidine uptake by placental explants. 
Fig. 4 shows the autoradiogram of early placental ex- 
plant exposed to tritiated thymidine for 2 hours. There 
were abundunt uptakes of tritiated thymidine in the 
nuclei of the cytotrophoblastic cells as well as interstitial 
cells. Tritiated thymidine uptake by the syncytiotro- 
phoblasts was not encountered. 


Comment 

Epidermal growth factor is a polypeptide originally 
isolated from mouse submaxillary gland and later from 
human urine.” Although mouse and human epidermal 
growth factors differ slightly with regard to amino acid 
composition, they both are known to compete for the 
same receptor and demonstrate similar biologic activ- 
ities.’ It is now evident that epidermal growth factor 
receptor, a 170,000 molecular weight glycoprotein, ts 
present in a variety of cell types." Because of the 
participation of epidermal growth factor receptor in 
growth control and because of the close relationship of 
epidermal growth factor receptor to the erb-B onco- 
gene translation product, it seems likely that there is 
the link between oncogenic stimulation of a cell and its 
normal growth-regulatory mechanism.*"! | 

The data presented in this paper shows that immu- 
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Fig. 3. Immunohistochemical localization of myc oncogene product in placental tissue sections over 
the course of pregnancy. Formalin-fixed paraffin-embedded sections of a 6-week placenta (A), 22- 
week placenta (B), and 40-week placenta (C) were stained by the avidin/biotin immunoperoxidase 
method with an affinity-purified antibody to myc protein product. Immunostaining for myc protein 
product was strongly positive in the nuclei of cytotrophoblasts and interstitial cells, whereas the 
nuclei of syncytiotrophoblasts were negative for the staining for myc protein product. The staining 
intensity markedly declined with the advancing ages of pregnancy. The lighter staining of nuclei is 
the hematoxylin counterstain. (X 200.) 








Fig. 4. Autoradiographic labeling of tritiated thymidine by early placental explants. Tissue explants 
from a 6-week placenta were exposed to tritiated thymidine (1 pCi/ml) for 2 hours. The formalin- 
fixed paraffin-embedded sections were subjected to autoradiography. Tritiated thymidine labeling 
was strongly positive in the nuclei of cytotrophoblasts, whereas there was no labeling of tritiated 
thymidine in syncytiotrophoblasts. (x 400.) 


_ nohistochemical cellular levels of epidermal growth fac- 
tor receptor and myc oncogene product in human pla- 

_centa vary considerably over the course of pregnancy 
and both the cellular levels are highest in early first- 
trimester placenta. We have also provided evidence that 
epidermal growth factor receptor in the placenta is al- 
most exclusively localized to syncytiotrophoblast and is 
negative in cytotrophoblast, whereas myc oncogene 
product is predominantly localized to cytotrophoblast 
and is negative in syncytiotrophoblast. The inverse re- 
lation of the expression of epidermal growth factor 
receptor and myc oncogene product in early placenta 
and a decline in the cellular expression levels of both 
epidermal growth factor receptor and myc oncogene 
product in midterm and term placenta are of great 
- interest when considering their possible physiologic 


roles in the control of placental development. 


The localization of epidermal growth factor receptor 
on the cellular surface and cytoplasma of the syncytio- 
trophoblast of human placenta paralleled the immu- 
nohistochemical distribution of human chorionic go- 
nadotropin and humman placental lactogen. The pres- 
ent immunohistochemical finding is in agreement with 
the autoradiographic data reported with iodine 125- 
` Jabeled epidermal growth factor by Chengi and Rao,” 

< who demonstrated that syncytiotrophoblast cells con- 
tain the epidermal growth factor receptors and that 
these receptors are present not only in outer cell mem- 
brane but also in intracellular organelles of human pla- 


© cental syncytiotrophoblasts. The fact that the mitotically 


active cytotrophoblasts were negative for epidermal 


growth factor receptor expression suggests that epi- 
dermal growth factor and its receptor may not be in- 
volved in the control of multiplication of trophoblasts. 
Instead, epidermal growth factor and its receptor seem 
to play a role in the induction of differentiated function 
of trophoblast, since epidermal growth factor has been 
already found to stimulate the production and secre- 
tion of human chorionic gonadotropin, a- human cho- | 
rionic gonadotropin, and human placental lactogen, by | 
cultured early placental tissues.” | f 
On the other hand, the immunohistochemical ial 
ization of myc oncogene product to the nuclei of cy- 
totrophoblasts of early placenta paralleled the autora- 
diographic distribution of replicating cytotrophoblasts 
identified by tritiated thymidine labeling of early pla- 
cental explants. This indicates that there is a close cor- 
relation between the expression of myc oncogene prod- 
uct and cytotrophoblastic proliferation. The present 
immunohistochemical finding is in good agreement 
with the data of Pfeifer-Ohisson et al., who demon- 
strated prominent expression of myc oncogene in cy- 
totrophoblasts of early human placenta by in situ hy- 
bridization to human myc probe. The nuclear site of 
myc oncogene product suggests a fundamental regu- 
latory role for the myc oncogene in the cytotropho- 
blasts. Furthermore, the highly increased expression of 
the myc oncogene product in early placental cytotro- 
phoblasts, which display very proliferative phenotype, 
also supports a possibility that the protein product ¢ en- 
coded by myc oncogene may play a crucial role i in | the 
trophoblast proliferation. . ie | 
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In this context; remarkable changes in the morpho- 
logic structure cf developing human placenta are of 
interest. Although the trophoblast, in early placenta is 
composed of two distinct layers, syncytiotrophoblast 
and cytotrophoblast, there is a steady reduction in the 
number of cytotrophoblastic cells as the placenta de- 
velops.'* The cytotrophoblastic cells become much less 
prominent during the second trimester and in some 
villi appear to be absent during the third trimester. 
These morphologic changes of developing human pla- 


centa seem to be influenced by the expression pattern. 


of myc oncogene. 

Recently Goustin et al. 8 have reported that cultured 
cytotrophoblasts responded to exogenous platelet-de- 
rived growth factor by activation of the myc oncogene 
expression, suggesting that platelet-derived growth fac- 
tor is also involved in the stimulation of cytotrophoblast 
proliferation. At the present time, however, it is not 
clear yet whether the induction of myc oncogene 
expression is a sufficient event for trophoblast prolif- 
eration. Nevertheless, on the basis of the results re- 
ported here it is apparent that myc oncogene product 
and epidermal growth factor receptor play a physio- 
logic role independently in the induction of prolifer- 
ation and differentiation of human placenta. 
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Circannual rhythms in steroid receptor concentration in 


gynecologic and breast cancers 


Joseph T. Chambers, Ph.D., M.D., Roberta Lawrence, M.P.H., Neil MacLusky, Ph.D., 


Arnold Eisenfield, M.D., and Peter E. Schwartz, M.D. 


New Haven, Connecticut 


Both estrogen and progestin receptor concentrations vary in a predictive temporal pattern for breast 
cancer; in epithelial ovarian cancer a temporal rhythmic pattern is suggested for estrogen receptor 
concentration only. No pattern for either receptor is seen for endometrial cancer. (Am J OBSTET GYNECOL 


1987;156:728-9.) 


Key words: Circannual rhythms, steroid receptor concentration, breast cancer, ovarian 


cancer, endometrial cancer 


The influence of time and season on biologic param- 
eters is well established; however, the possible impact 
on oncology ha’ only recently been noted and explored. 
The concentration of estrogen receptors in breast can- 
cer has been shown to have a temporal predictive value 
along a 1-year scale and decreased toxicities have been 
established with various diurnal schedulings of che- 
motherapeutic drugs.’ We Investigated in a population 
of patients with histologically confirmed primary breast 
cancer, epithelial ovarian cancer, and endometrial can- 
cer the concentration of estrogen and progestin recep- 
tor values in the tumors as a function of month of the 
year. 


Material and methods 


Estrogen and progestin receptor concentrations were 
determined by binding techniques with the use of ra- 
dioactive steroid ligands as described elsewhere.’ Re- 
ceptor concentrations were determined in 859 tumor 
samples obtained from postmenopausal women with 
primary breast cancer, in 105 tumor samples from post- 
menopausal women with epithelial ovarian cancer, and 
in 159 tumor samples from postmenopausal women 
with endometrial cancer. All samples were obtained be- 
tween October 1976 and September 1985. Statistical 
analysis was done with the use of a é test with Bonferroni 
correction for multiple comparisons and an analysis 
of variance to test the fit of the cosine curve to the 
data. 
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Results 


We confirmed a previous report of a circannual 
rhythm in breast cancer estrogen receptor concentra- 
tions. The mean femtomoles of cytosol estrogen and 
progestin receptor per milligram of cytosol protein 
(+SEM) are plotted in Fig. 1 for the breast cancer 
samples. 

The mean values for the period October through 
March were significantly higher than the mean values 
for the period April through September (p = 0.012) 
with a peak in December. The same trend was evident 
although slightly less significant when the zero values 
were eliminated, suggesting that the group of patients 
who had zero estrogen receptor values was not differ- 
ent from those who had positive receptor values. An 
analysis of variance showed that the amplitude of the 
fitted cosine curve was significantly higher in the winter 
months than in the summer months with a variation of 
46%. Progestin receptor concentrations in the breast 
tumors showed temporal variations of a predicted 
pattern where the cosine fit was again significant 
(p = 0.008) (Fig. 1). l 

Estrogen receptor concentrations in epithelial ovar- 
ian cancer showed a seasonal variation with a peak in 
February through May and a trough in Juné through ` 
January; however, this was not statistically significant. 
The actual peak was bimodal in February and May 
(Fig. 1). There were only two ovarian cancer patients 
with zero estrogen receptor values so no separate anal- 
ysis was executed on this set of data. There was no 
significant seasonal curve fit Ior the progestin receptor 
concentrations in the epithelial ovarian cancer samples. 

Analysis showed that no significant cosine curve 
could be fitted to the estrogen or progestin receptor 
concentrations along a time series for the endometrial 
cancer data. 
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Fig. 1. Steroid receptor concentrations in breast and ovarian cancers as a function of the month. 


A test for linear trend was included in all models that 
resulted in a significant negative trend during the pe- 
riod of years for all cancer types (p = 9.001 in breast 
cancer, p = 0.0035 in ovarian cancer, and p = 0.0147 
in-endometrial cancer). The reason for this overall neg- 
ative trend remains uncertain. Perhaps there were pop- 
ulation differences in the women over the years. A 
more likely possibility, however, is that the effect may 
be due to improvements in the receptor assay designed 
to minimize the contribution from low-affinity binding 
components. These modifications, which have been de- 
tailed previously,” may have given rise to the observed 
negative trend as a result of a slight overestimation of 
receptor concentrations in the earlier assays (1976 to 
1979). Nevertheless, the predictive patterns noted 
above remain valid, since the same circannual trends 
are apparent irrespective of the years in which the data 
were obtained. 

In conclusion, our observations confirm a temporal 


predictive pattern of estrogen receptor concentrations 
in breast cancer with a trough in April and a peak in 
December and also show a similar pattern for progestin 
receptor concentrations. However, in epithelial ovarian 
cancer, we observed a-different seasonal pattern, the 
peak value for the estrogen receptor values being in 
the early part of the year compared with the trough in 
the midyear, but this was not statistically significant. 
The influence of the environment from a temporal 
standpoint may need to be further explored in deter- 
mining the results from current treatment protocols in 
oncology. 
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An improved human tumor stem cell assay in ovarian cancer 


Peter G. Rose, M.D., Antoinette Koolemans-Beynen, M.S., John G. Boutselis, M.D., 
John P. Minton, M.D., Ph.D., and George E. Milo, Ph.D. 


Columbus, Ohio 


To evaluate the effect of improved growth rates of ovarian cancers in the human tumor stem cell assay 
and its value in predicting clinical chemotherapy response, we studied 59 assays in 54 patients. A total of 
81.6% of solid specimens and 85.7% of ascites specimens were successfully cultured and yielded an 
overall growth rate of 82.9%. Simultaneous primary and metastatic cultures were concordant for 
chemosensitivity in 80% (n = 16). The patients were evaluated for previous chemotherapy, residual 
volume of tumor, histologic type, and grade, and these were not statistically different between clinical 
responders and nonresponders. In vivo—in vitro correlations were made in 27 patients and yielded a 
predictive response of 13% and predictive resistance of 86% at 70% colony inhibition and 31% and 71% 
at 50% colony inhibition. Improved growth rates therefore did not result in better predictive correlations. 
The reported experience in ovarian cancer is summarized and the current status of the human tumor stem 
- cell assay is reviewed. (AM J OssteT GYNECOL 1987;156:730-4.) 


Key words: Stem cell assay, chemotherapy, ovarian cancer 


The development of effective chemotherapy remains 
the most significant advance in the treatment of ovarian 
cancer in the last three decades. However, until re- 
cently, the selection of chemotherapeutic agents has 
been based on clinical experience. The development of 
the in vitro soft agar assay system in 1955' and its clin- 
ical application to human tumors:in 1972° have sug- 
gested new avenues for the selection of.a chemother- 
apeutic agent for patients on an individual basis deter- 
mined by in vitro sensitivity. In addition to its ability to 
indicate specific tumor sensitivity, the assay could po- 
tentially save valuable time that would be lost on in- 
effective treatment. It also opens. the possibility of 
in vitro testing of new chemotherapeutic drugs on hu- 
man tumor cells before clinical application. 

Numerous clinical reports suggest an in vitro—in vivo 
sensitivity correlation of 40% to 88% and an in vitro— 
in vivo resistance correlation of 90% to 100%.** In 
most of these studies, success rates in establishing 
growth in soft agar ranges from 25% to 50%." The Ohio 
State University Clonogenic Assay Laboratory, estab- 
lished in 1981, has performed more than 900 human 
tumor stem cell assays with a variety of tumors. The 
modified procedure has resulted in an improved suc- 
cess rate of more than 80%. The purpose of this study 
was to investigate correlation of clinical and assay data 
in the presence of these improved culture conditions. 
The data presented in this paper include the results of 
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59 successful assays on Ovarian tumor specimens, rep- 
resenting 54 patients. A retrospective in vivo-in vitro 
correlation is reported. 


Material and methods 

Single cell preparation. Ovarian carcinoma speci- 
mens were obtained from patients from the following 
Columbus and area hospitals: The Ohio State Uni- 
versity. Hospitals (n = 42), Riverside Methodist Hos- 
pital (n = 4), Grant Hospital (n = 4), Mansfield Gen- 
eral Hospital (n = 3), and Mt. Carmel West Hospital 
(n = 1) and assayed according to a modified procedure 
of tke human tumor stem cell assay described by Ham- 
burger and Salmon.’ Briefly, the specimens were col- 
lected in medium under sterile conditions, transported 
to the laboratory, and processed within 24 hours. The 
tissue was minced and washed two times in minimum 
essential medium (K. C. Biological Inc., Lenexa, Kan- 
sas) containing 5% fetal bovine serum (Hyclone, Sterile 
Systems, Logan, Utah) and gentamicin (50 pg/ml). The 
tissue fragments were transferred into a Cellector sieve 
(Bellco, Vineland, New Jerséy) equipped with a triple 
screen (120 mesh) and further minced with scalpels. 
Optimal viability was ensured by repeated rinsing with 
minimum essential medium. The resultant single cell 
suspension was centrifuged at 750 xX g and then re- 
suspended in minimum essential medium and a cell 
count taken. Cell density was adjusted to 1.5 x 108 cells 
per milliliter. 

Ascites specimens were collected in sterile containers 
without heparin and the cells were pelleted by centrif- 
ugation at 750 x g. The cell pellet was resuspended in 
minimium essential medium and transferred to a Cel- 
lector sieve and processed zs above. If a specimen did 
not yield a sufficient number of cells to complete an 
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Table [. Results of in vitro chemosensitivity tests 






Adriamycin 73 
Cisplatin 71 
Methotrexate 72 
Vinblastine 69 
5-Fluorouracil 47 
Dihydroxyanthracenedione 70 
VP-16 32 
Melphalan 16 
Hexamethylmelamine 13 
Mitomycin C 13 
Aclacinomycin 24 


assay, intermediate short-term monolayer cultures were 
set up in an effort to increase cell count. 

Drug incubation. The following chemotherapeutic 
agents were prepared to achieve final concentrations 
equivalent to peak plasma concentrations as calculated 
by Alberts and Chen? against ovarian tumors: (1) Adri- 
amycin, 0.04 g/ml; (2) cisplatin, 0.2 ug/ml; (3) 5-Auo- 
rouracil, 6.0 g/ml; (4) methotrexate, 100.0 ug/ml; (5) 
vinblastine, 6.0 ug/ml; (6) VP-16, 3.0 pg/ml; (7) acla- 
cinomycin, 0.1 ug/ml; (8) dihydroxyanthracenedione, 
0.1 g/ml; (9) melphalan, 1.0 pg/ml; (10) hexamethyl- 
melamine, 1.0 pg/ml; (11) mitomycin C, 1.0 pg/ml. 

One milliliter of cell suspension and 0.35 ml of min- 
imum essential medium were added to each test tube 
containing 0.15 ml of the appropriate 10x drug so- 
lution. The cell-drug mixture was gently stirred in a 
vortex mixer and then incubated for 1 hour at 37° C 
and 4% carbon dioxide. Two tubes containing 0.15 ml 
of phosphate-buffered saline solution were included 
for controls. 

Media preparation and cell plating. Difco Bacto- 
Agar (Difco, Detroit, Michigan) was washed four times 
in demineralized water and brought into solution as 
previously reported.” Feeder layer and plating media 
were prepared according to the protocol of the South- 
west Oncology Group, except that the ratio used was 
7 Bc 

At the conclusion of the l-hour drug exposure pe- 
riod, the cells were washed by adding 5 ml of minimum 
essential medium to each drug incubation tube and the 
cells were removed by centrifugation. The supernatants 
were aspirated and replaced with 0.3% agar—plating 
medium mixture. The cells were dispersed by tritura- 
tion and layered on top of each 0.5% agar feeder layer 
in 60 mm plastic Petri dishes as previously described.’ 
Each experiment was performed in triplicate. Cultures 
were examined on day 0, and all clumps were identified 
for subtraction from the final colony count. In our lab- 
oratory, cell clumps were rare and occurred at a fre- 
quency of <1 per 50,000 cells plated. After 12 to 20 
days of incubation at 37° C and 4% carbon dioxide in 
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>50% inhibition 





>70% inhibition 





10 14 4 5 
12 17 7 10 
14 19 4 6 
I] 16 5 7 
4 9 J 2 
14 20 3 4 
3 9 2 6 
3 19 0 0 
0 0 0 0 
0 0 0 0 
5 21 2 8 


a humidified atmosphere, the formed colonies were 
counted with an inverted phase-contrast microscope. 
Percent inhibition of tumor colony formation was cal- 
culated with the following formula: 


‘Percent inhibition = 
fie number of COES exposed x 100% 
number of colonies in control 

A successful assay would contain at least 25 colonies 
in the control plates, each measuring #60 pm in di- 
ameter, or containing no less than 30 cells. "° 

Clinical evaluation and in vitro—in vivo correlation. 
Pathology slides of all patients were reevaluated and 
tumors were graded according to the classification of 
the International Federation of Gynecology and Ob- 
stetrics. The clinical records were reviewed and patients 
were Classified as complete responders, partial respond- 
ers, or nonresponders on the basis of objective criteria 
for tumor response defined by the World Health Or- 
ganization. Patients were excluded if they failed to re- 
ceive at least two courses of a chemotherapeutic agent 
for which they had been tested. Thus clinical and 
in vitro data for 27 patients could be correlated. Percent 
inhibition of tumor colony formation in vitro was an- 
alyzed at both >50% and at >70% inhibition levels as 
reported elsewhere (see Table III). Statistical analyses 
were completed with a x’ test. 


Results 


Eighty-four ovarian specimens were submitted from 
November 1981 through September 1985. Nine spec- 
imens had inadequate cell counts for soft agar che- 
mosensitivity testing, but one was salvaged by inter- 
mediate culturing as described. The 76 specimens 
tested consisted of 60 solid tumors and 16 ascites spec- 
imens. Two solid tumors (3.3%) and two ascites spec- 
imens (12.5%) could not be evaluated because of bac- 
terial contamination. Subsequent to tissue processing 
and plating, fungal contamination occurred in <4% of 
the total 2161 Petri plates. Clonogenic assays were suc- 
cessful in 81.6% of the solid specimens and 85.7% of 
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Table II. In vitro—in vivo correlation in patients with Stage III or IV ovarian cancer 















Previous 


therapy (cm) 


Complete clinical response 


M. G. a <2 
G. E. = <2 
Partial clinical response 

S. M.* = <2 
R. F.* = <2 
FGS ii >2 
BE? = <2 
M. H. = <2 
M. H.* aa <2 
H. B.* + <2 

E: + <2 
M. D.* = >2 
KES = <2 
POF = <2 

No response 

MoT? = <2 
pE” $ <2 
HCG: _ + <2 
M. D.* = <2 
C. S.* E <2 
TR = >2 
a Pe = <2 
F. M.* + <2 
R. 5.7 F <2 
D. K.* 7 <2 
S. M.* = <2 
D: EB = >2 
ELS n <2 
M. W.* = >2 


*Patients treated additionally with agents not assayed. 


the ascites specimens tested, yielding an overall growth 
rate of 82.9%. Cloning efficiencies, the percentage of 
cells seeded that resulted in colony formation, ranged 
from 0.01% to 0.6% with a mean value of 0.15%. 

The following chemotherapeutic agents were rou- 
tinely tested: Adriamycin, cisplatin, methotrexate, vin- 
blastine, 5-fluorouracil, and dihydroxyanthracenedi- 
one. Additional agents tested at the physician’s request 
included VP-16, melphalan, hexamethylmelamine, mi- 
tomycin C, and aclacinomycin. Cyclophosphamide was 
not tested bcause it requires metabolic activation to be 
effective. The results are listed in Table I. 

Fifty-nine successful assays were performed on spec- 
imens from 54 patients with primary ovarian cancer 
(50 epithelial, one granulosa, one dysgerminoma, and 
two carcinosarcoma). 

Twenty-seven patients with Stage III or IV disease 
could be evaluated for response. Histologic type, grade, 
previous therapy status, clonogenic assay results, and 
clinical response are summarized in. Table II. Evalua- 
tion correlating in vitro results with clinical outcome 
correctly predicted a positive response in 13% of the 
cases and a negative response in 86% at the 70% to 
100% inhibition level. At the 50% to 100% inhibition 
level, these values were 31% and 71%. This distribution 
is not statistically significant. 


Residual 
tumor 








Inhibitton 
(=50%!>70%) 





Histologic type 


Epithelial 3 i 
Epithelial 3 aye 
Epithelial 3 E 
Epithelial 3 == 
Epithelial 3 ar ors 
Epithelial 2 FIT 
Epithelial 3 ade 
Epithelial 3 += 
Epithelial 2 p= 
Epithelial 2 a oe 
Epithelial 2 ={= 
Germ cell a= 
Epithelial 2 == 
Epithelial 3 F= 
Epithelial 3 safe 
Epithelial 2 a= 
Epithelial 3 a ie 
Epithelial 3 =f 
Epithelial 3 =/= 
Epithelial 3 —/- 
Epithelial 2 i= 
Epithelial 2 E 
Epithelial 2 a es 
Epithelial 2 ={4 
Epithelial J a ae 
Carcinosarcoma =f 
Epithelial 2 == 


The remaining 27 patients had to be excluded from 
the study. Seventeen of them received less than one 
course of a chemotherapeutic agent tested or were 
treated exclusively with agents not tested in the assay. 
Two patients who are currently receiving therapy are 
not evaluable. Also excluded were six patients who were 
clinically and radiologically without evidence of disease 
but who refused a second-look laparotomy. Two of 
these patients had recurrent disease 6 and 17 months 
after cessation of chemotherapy. Another patient with 
Stage IIA disease, treated with total abdominal hys- 
terectomy, bilateral salpingc-oophorectomy, omentec- 
tomy, and chemotherapy, could not be evaluated in the 
absence of measurable primary disease. Last, one pa- 
tient was treated elsewhere for 19 months with clinical 
response but without objective evaluation until she died 
of disease. 


Comment 


Improved conditions in processing and culturing tu- 
mor tissue have resulted in successful growth rates for 
ovarian carcinomas of 82.7%. Significant improve- 
ments include standardized tissue collection proce- 
dures during operation by a tumor procurement ser- 
vice. Tissue dehydration is avoided by repeated rinsing 
of the tumor fragments with minimum essential me- 
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Table OI. Ovarian cancer clonogenic assay in vitro—in vivo studies (literature summary) 





Alberts (Lancet 1980;2:340, N = 95) 


Arbuck (Obstet Gynecol .1985;66:115, 0 
N = 28) 

Moon (Cancer Chemother Pharmacol 14 
1981;6:211, N = 90) 

Alberts (Gancer Chemother Pharmacol 8 
1981;6:279, N = 44) 

Welander (AM J OBSTET GYNECOL 9 
1983;147:188, N = 19) 

Natale (Proc Am Assoc Cancer Res 10 
1981;22:156, N = 28) 

Epstein (Cancer Chemother Pharmacol 4 
1981;6:273, N = 12) 

Wilson (Br J Cancer 1981;44:189, 10 
N = 15) 

Current (N = 27) 4 

Total assays (N = 355) 72 


Positive in vitro | Positive in vitro, | Negative in vitro, | Negative m vitro 
and in vivo negative in vivo positive in vivo and in vivo 
13 8 l 73 






Percent 
inhibition 


50 

2 3 23 70 
10 l 65 50 
3 0 33 50 
l 0 9 50 
3 I 14 NR 
5 NR NR 50 
3 l l 50 
3 9 1] 50 


38 16 229 


Predictive of negative response = 93.4%. Predictive of positive response = 64.8%. NR: Not reported. 


dium, and trauma is minimized by mincing the tissue 
with scalpels on a triple screen sieve. The low molecular 
weight polysaccharide toxicity of the agar" is reduced 
by repeated washing with demineralized water before 
autoclaving, and the modified ratio of two parts feeder 
layer to each one part plating layer favors growth. In 
spite of increased success rates in cloning the tumors, 
the assay’s predictive power has not improved. A review 
of the literature presenting in vivo—in vitro correlation 
in ovarian cancer is summarized in Table III. Individ- 
ual studies with success rates varying between 25% and 
50%’ show a high degree of correlation between neg- 
ative human tumor stem cell assay results and clinical 
failure. Positive assay results, defined as either >50% 
inhibition or >70% inhibition, indicate predictability of 
clinical response in 60% of the cases. Cumulative results 
of 355 assays yield a predictive value of 93.4% for a 
negative human tumor stem cell assay and 64.8% for 
a positive assay (Table III). 

Most correlation studies share common methodo- 
logic errors. Multiple assays performed on specimens 
from a single patient introduce serious sampling errors 
and compromise the statistical analysis of the data and 
the predictive value of the assay. Many patients have 
received agents not tested in the assay, notably cyclo- 
phosphamide (Cytoxan), which requires metabolic ac- 
tivation. In addition patients are often treated with mul- 
tiple chemotherapeutic agents, and the significance of 
in vitro sensitivity to single agents, in contrast to mul- 
tiple drugs, is not known. Alberts et al.” describes one 
of the few prospective studies reported in the literature 
to date. The in vitro directed therapy with one to three 
agents in which a 50% clinical response rate was 
achieved was significantly better (p = 0.05) than em- 
piric therapy, although type of previous chemotherapy, 
volume of residual disease, and type of empiric therapy 


were not reported. Despite these limitations this study 
provides the greatest support for the human tumor 
stem cell assay. None of the authors has randomized 
previously untreated patients to chemotherapy di- 
rected by human tumor stem cell assay versus cisplatin 
and cyclophosphamide with or without Adriamycin 
with or without hexamethylmelamine. 

Theoretical objections against the human tumor stem 
cell assay have recently been reviewed by Weisenthal 
and Lippman.” Principal arguments can be placed in 
four categories. First, cell cultures may represent only 
certain cell populations of the tumor. Resultant pre- 
dictions of chemosensitivity may not take into account 
in vivo proliferation of cells that would not grow in the 
soft agar system. Arbuck et al.‘ described discrepancies 
between human tumor stem cell assay results of pri- 
mary and metastatic specimens submitted simulta- 
neously from the same patient. In our experience 16 
paired observations (n = 6) indicate agreement in 
more than 80%. In one case the primary specimen did 
not grow, and only the metastatic tumor could be cloned 
successfully. 

Second, in vitro drug concentrations and exposure 
times differ from in vivo drug protocols. Alberts et al.,° 
studying human subjects, established pharmacokinetic 
parameters for the most commonly used anticancer 
drugs and applied these findings to the clonogenic as- 
say. In most studies drug exposure time in the assay is 
limited to 1 hour. Experiments with continuous ex- 
posure have been performed, but increases in colony 
formation inhibition were found to be minimal in most 
cases, possibly because of deactivation of the agents 
tested under culture conditions. In contrast to the hu- 
man body, the assay is not a homeostatic system and 
drugs cannot be replenished nor can toxic waste prod- 
ucts be eliminated. 
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Third, the percentage of tumor colony formation 
inhibition in vitro may not be relevant to clinical re- 
sponse. The effectiveness of a chemotherapeutic agent 
depends on the fraction of cell kill. From a mathe- 
matical viewpoint, effective agents must have a frac- 
tional cell kill of 99 to 99,999 (two to five log). The 
significance level for percent inhibition in the human 
tumor stem cell assay has been determined by in vitro— 
in vivo correlation,® but many factors affecting clinical 
response (previous chemotherapy, volume of residual 
disease, specific tumor histologic type and grade) must 
be controlled to make such a correlation valid. Tumor 

colony formation inhibition is not synonymous with cell 
l killing, and cells may be arrested in a dormant yet viable 
state with potential for reactivation. 

Finally, the assay ignores immunologic factors. 

In this study clinical responders and nonresponders 
were not statistically different with respect to previous 
chemotherapy, treatment with drugs not tested in the 
assay, and volume of the residual tumor (see Table IJ). 
For disease evaluation all complete responders and 82% 
of the partial responders had a second-look laparot- 
omy. Arbuck et al." suggested that validation of the 
human tumor stem cell assay would require a pro- 
spective study of 500 patients to detect a 15% differ- 
ential response rate. Most researchers agree that a sin- 
gle-agent human tumor stem cell assay study is desir- 
able, but few clinicians are willing to risk negative 
results with single-agent therapy during an era in which 
combination therapy with drugs such as cisplatin, Cy- 
toxan, Adriamycin, and hexamethylmelamine have be- 
come the standard’ '® with clinical response rates of 
65% to 70%. The use of the human tumor stem cell 
assay seems more appropriate in patients who have 
failure of primary therapy with a regimen containing 
cisplatin, since second-line therapy in these patients is 
poor. Future prospective studies are indicated. 
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Ontogeny of pituitary B-endorphin and related peptides in the 


human embryo and fetus 


F. Facchinetti, M.D., A. R. Storchi, M.D., F. Petraglia, M.D., G. Garuti, M.D., and 


A. R. Genazzani, M.D. 
Modena, Italy 


In this study we evaluated the.presence of proopiomelanocortin-related peptides (B-lipotropin, B-endorphin, 
and -y-endorphin) in five embryos (5 to 10 weeks of pregnancy). and 11 fetal pituitaries (15 to 25 weeks) by 
means of high-performance liquid chromatography coupled with specific radioimmunoassays. Tissues 
were collected at laparotomy for ectopic pregnancy (five émbryos) or after spontaneous (seven) or 
prostaglandin-inducad (four) abortion. B-Endorphin and B-lipotropin were present starting at the seventh 
week of pregnancy while y-endorphin appeared orily in the second trimester. During embryonic life 

opioid activity was limited to the cephalic portion. The three peptides, but little, if any, acetylated 

1-31 B-endorphin, were recognized in the fetal pituitary throughout the second trimester, at which time 
B-lipotropin and B-endorphin showed constant values in spite of increasing y-endorphin concentrations. 
8-Lipotropin was the predominant peptide in both embryonic and fetal life. In conclusion, the three 
peptides related to proopiomelanocortin were expressed from the precursor at different times throughout 
development. By the beginning of the second trimester the pituitary processing of proopiomelanocortin is 
similar to that of adult life and the functional activity of the anterior lobe seems to prevail over that of the 
“fetus-related” neurointermediate lobe around the twenty-fifth week of pregnancy. (Am J OBSTET GYNECOL 


1987;156:735-9.) 


Key words: Embryo, anterior pituitary, neurointermediate lobe, B-endorphin, B- -lipotropin, 


y-endorphin 


The activity of the proopiomelanocortin-related 
opioid system undergoes important changes during 
pregnancy as suggested: by the increased adrenocorti- 
cotropic hormone and B-endorphin levels-in the ma- 
ternal circulation! and by the changing number and 
affinity of naloxone binding sites in uterine rat mem- 
branes.” In addition to the maternal pituitary and pla- 
centa, whose opioid secretory ability. has been dem- 
onstrated,° the fetal pituitary is believed to contribute 
to the increase in opioid peptide levels. 

Immunohistochemical data indicate the presence of 
adrenocorticotropic activity from the seventh week of 
pregnancy‘ while no B-lipotropin, another proopiomel- 
danocortn-related peptide, was found. On the other 
hand, Begeot and Dubois’ recently reported the co- 
existence of several proopiomelanocortin-related pep- 
tides in fetal pituitary corticotropes. 

Biochemical studies of opioid ontogeny in human 
material are scanty and contradictory. Some authors? 
reported a large amount of -endorphin in the fetal 
pituitary, and others’ described the presence of B-li- 
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potropin but were unable to demonstrate authentic 
8-endorphin in the 1] to 19 weeks’ gestational age 
range. Moreover, with the use of sophisticated tech- 
niques it has been ascertained that the fetal pituitary 
does not contain’ true a-melanocyte-stimulating hor- 
mone, as reported several years ago by Silman et al.,* 
but its desacetylated form, adrenocorticotropic hor- 
mone 1-13 amide.? More recently, the presence of 
a-endorphin and y-endorphin, two N-terminal deriv- 
atives of B- ‘endorphin (1-16 and 1-17, respectivély), has 
been verified in the human pituitary gland. 

In.this study therefore we evaluated B-lipotr opin, 
8-endorphin, and y-endorphin in embryos and fetal 
pituitaries up to the beginning of the third trimester 
by means of high-performance liquid chromatography 
coupled with specific radioimmunoassays. 


' Material and methods 


Tissue collection: Five embryos at 5 to 10 weeks of 
pregnancy were obtained at operation in ectopic preg- 
nancies. The smallest embryo had a rostral-caudal 
length of 10 mm, ascribed to a gestational age of 4.7 
weeks. In two specimens, the caudal portion was di- 
vided from.the rostral oné and processed separately. 

_ Eleven whole pituitaries were collected from fetuses 
between 15 and 25 weeks of pregnancy. Seven of the 
11 fetuses were spontaneously aborted; and four were 
delivered after a prostaglandin induction of labor per- 
formed because of rubella infection. Every tissue was 
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Fig. 1. Chromatogram of B-endorphin—like immunoreactivity 
and specific y-endorphin (7-EP), B-lipotropin (B-LPH), and 
B-endorphin (B-EP) immunoreactivity in caudal and rostral 
portions of a 7-week-old embryo. Arrows indicate elution of 
respective standard peptide. In the sinali panel,-soled line on the 
left refers to y-EP immunoreactivity; those on the right, to 
B-EP immunoreactivity; and dotted line tefers to B-LPH im- 
munoreactivity. 


boiled for 10 minutes in 0.05 mol/L acetic acid in order 
to destroy proteases and then homogenized with a Poly- 
tron. After two successive centrifugations at 4000 x g 
for 15 minutes, clear supernatants were stored at 
-20° C until assayed. The pellets were treated with 
1 mol/L sodium hydroxyde and submitted to a protein 
content evaluation with the use of the Folin phenol 
reagent. ._ = l 

High-performance liquid chromatography. Ho- 
mogenates were injected in a high-performance liquid 
chromatography apparatus (Waters, Milford, Massa- 
chusetts) consisting of two pumps (Model 510), an ul- 
traviolet detector (Model 440), and a gradient con- 
troller (Model 680). A reverse phase C-18 column 
(uBondapack, 39 by 300 mm, 10 pm size) was eluted 
in a linear gradient from 25% to 40% acetonitrile in 
0.01 mol/L hydrochloric acid, for. 15 minutes, ata flow 
rate of 1.5 ml/min. For each sample, 30 fractions were 
collected (each for 30 seconds), evaporated to dryness, 
and redissolved in 1 ml of 0.12 mol/L phosphate buffer, 
pH 7.4, and 0.1% bovine serum albumin. 

In order to evaluate the amount of material sticking 
on the column, | ng of each of the three peptides 
was injected into the system and processed as de- 
scribed above. This experiment was replicated five 
times. Recoveries were 88.1% + 10.4% for B-endor- 
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Fig. 2. Chromatogram of B-endorphin-like immunoreactivity 
and specific y-endorphin (y-EP), B-lipotropin (B-LPH), and 
8-encorphin (B-EP) immunoreactivity in two whole pituitaries 
obtained from a fetus at the fifteenth week and a fetus at the 
twenty-fifth week of pregnancy. 


phin, 91.5% + 17.3% for B-lipotropin, and 79.4% + 
12.8% for y-endorphin. 

Radioimmunoassays. Each fraction was tested for its 
B-endorphin—like immunoreactivity with the use of the 
anti-B-endorphin serum B4 (kindly donated by Dr. 
V. M. Wiegant, Utrecht, The Netherlands), which cross 
reacts with many B-endorphin-—related peptides in- 
cluding 1-16 B-endorphin (260% on a molar basis), 
1-17 B-endorphin (450%), 1-26 8-endorphin (11.5%), 
1-27 B-endorphin (9.5%), and acetyl B-endorphin 
(100%). Thus, according to this B-endorphin immu- 
noreactivity and in view of the retention times (Ta- 
ble I) of y-endorphin, B-lipotropin, and B-endorphin, 
fractions were retested for their immunoreactivity with 
the use of appropriate iodinated peptides and specific 
antisera kindly donated by Dr. V. M. Wiegant (y-en- 
dorphin) arid by Professor C. H. Li (@-endorphin 
and §-lipotropin, San Francisco, California). Details 
of the different radioimmunoassays were previously 
reported." 


Results 

In the embryo of 4.7 weeks’ gestation neither 
B-endorphin-like immunorżactivity nor specific pep- 
tides were detected. B-Endorphin (195.9 + 57.7 fmol, 
mean + SE) and ßB-lipotropin (569.6 + 64.9 fmol) 
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Fig. 3. Total content (mean + SD) of B-endorphin (B-EP), y-endorphin (G-EP), and B-lipotropin 
(B-LPH) in embryos and fetal pituitaries from 5 to 25 weeks of pregnancy. 


were found but no y-endorphin was present in embryos 
until the tenth week of pregnancy with one exception. 
This latter sample was the only one showing a poor 
B-lipotropin content. 

During the embryonic period the peptides were mea- 
sured only in the cephalic portion and no immuno- 
reactivity was found in the caudal one (Fig. 1). 

High amounts of the three proopiomelanocortin-re- 
lated peptides were present in the fetal pituitaries; im- 
munoreactive B- -lipotropin, B-endorphin, and ‘y-endor- 
phin elute at the same retention times as standard mol- 
ecules (Fig. 2). 

The total content of B-endorphin, B-lipotropin, and 
y-endorphin in embryos and fetal pituitaries is shown 
in Fig. 3. There is a progressive increase of the three 
peptides throughout pregnancy, but the rates of such 
increases are different. This is reflected by the absence 
of correlation between §-lipotropin and 8-endorphin, 
B-lipotropin and y-endorphin, and y-endorphin and 
B-endorphin during pituitary development. 

Interestingly enough, the B-lipotropin/®-endorphin 
ratio increases from 1.41 + 0.37 at the beginning of 
the second trimester to 4.4 + 1.40 (p < 0.5) in the pi- 
tuitaries of 22 to 25 weeks’ gestational age. The opposite 
occurs in the B-endorphin/y-endorphin ratio, which 
decreases from 1.64 + 0.58 to 1.08 + 0.29. In fetal 
pituitary extracts (Fig. 2), no B-endorphin-—like im- 
munoreactivity (lower part of each panel) was detected 
in fractions 24 to 30, corresponding to the elution pat- 
tern of acetyl B-endorphin. | 


Comment . 

These data provide evidence that B-endorphin, 
B-lipotropin, and y-endorphin are present in the fetal 
pituitary throughout development. Time-related dif- 


Table I. Retention times, in minutes 

(mean + SD of at least 10 determinations) 
with the use of a pBondapack C-18 RP 
column eluted from 25% to 40% acetonitrile 
in 0.01 mol/L hydrochloric acid, in 15 minutes 
at a flow rate of 1.5 ml/min 










Retention time 
(min, mean + SD) 





Peptide 


1-16 Endorphin 3.12 + 0.07 
1-17 Endorphin 6.5 + 0.14 
B-Lipotropin 9.4 + 0.48 
B-Endorphin 11.9 + 0.69 
Acetyl 1-31 endorphin 13.6 + 0.58 
1-26 Endorphin 14.4 + 0.34 
1-27 Endorphin 14.8 + 0.48 
Adrenocorticotropin 4-10 2.9 + 0.31 
a-Melanocyte~stimulating 3.62 + 0.1 
hormone* 

Adrenocorticotropin 1-39 Sb ee O13 
Met-enkephalin 3.6 + 0.0 


*Acetyl 1-13 adrenocorticotropin. 


ferences in the appearance of the three peptides in the 
pituitary exist. 8-Endorphin and B-lipotropin appeared 
in the seventh week when they were present in the 
cephalic portion, indicating that at that moment pro- 
opiomelanocortin activity was confined to pituitary and 
central nervous system structures. 

Few studies exist about the ontogeny of B-lipotropin 
and §-endorphin in the human embryo. Some authors 
reported the presence of B-endorphin® and B- -lipo- 
tropin’ in the pituitary in the eleventh week of preg- 
nancy when bigassayable adrenocorticotropic hormone 
is also demonstrable." Immunohistochemical data have 
indicated positive staining for B-endorphin early in de- 
velopment, that is, in the seventh week,‘ and the present 
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biochemical characterization agrees completely with 
such a study. 

y-Endorphin, a product of 8-endorphin cleavage that 
is present in brain synaptosomal membranes and in the 
adult pituitary,” is undetectable in all but one embryo, 
thus suggesting that the proopiomelanocortin-enzy- 
matic system needs further maturational processes in 
intrauterine life in order to be fully expressed. 

It was assumed that during fetal life pituitary pro- 
opiomelanocortin undergoes two successive cleavage 
steps: the first one to produce adrenocorticotropic hor- 
mone and B-lipotropin and the second one further 
cleaving these two peptides to give a-melanocyte—stim- 
ulating hormone and §-endorphin, respectively.” The 
second step of proopiomelanocortin processing is typ- 
ical of the intermediate lobe of the rat pituitary," 
structure lacking in the human adult pituitary but well 
defined during fetal life. However, in whole fetal pi- 
tuitaries and embryos, ß-lipotropin was the predomi- 
nant peptide and the §-lipotropin/B-endorphin ratio 
increased until the end of the second trimester, sug- 
gesting that the first proopiomelanocortin cleavage stép 
is the most active in this period of life. 

Gibbs et al." superfused the fetal pituitary and dem- 
onstrated that the anterior lobe acquires its respon- 
siveness to corticotropin-releasing factor just after the 
twentieth week of pregnancy. On the other hand, the 
neurointermediate lobe releases B-endorphin only af- 
ter a potassium chloride—induced cell depolarization, 
and no changes occurred with corticotropin-releasing 
factor or dopamine. Thus the major peak of 8-lipotro- 
pin obtained from whole pituitaries until the end of 
the second trimester can be interpreted as originating 
from the anterior lobe. We suggest that as early as the 
embryo the enzyme pattern for proopiomelanocortin 
cleavage is similar to that existing in the adult pituitary. 
Other authors,” studying human adrenocorticotropic 
hormone ontogeny, also concluded that the anterior 
lobe matures before the intermediate one. Another fea- 
ture of the neurointermediate lobe (in the rat) is the 
acetylation of proopiomelanocortin and its related pep- 
tides, a process that inactivates the ability to bind opiate 
receptors.'® It is uncertain if acetylation occurs in the 
human being and we found little immunoreactivity, if 
any, related to acetyl B-endorphin. 

In conclusion proopiomelanocortin-related peptides 
are evident early in development and both B-endorphin 
and B-lipotropin were present in embryonic hfe, be- 
tween 5'and 7 weeks, while smaller fragments of 
B-endorphin, such as ‘y-endorphin, have a delayed ap- 
pearance. By the beginning of the second trimester the 
pituitary processing of proopiomelanocortin is similar 
to that of the adult and the functional activity of the 


March 1987 
Am J Obstet Gynecol 


anterior lobe seems to prevail over that of the “fetus- 
related” neurointermediate lobe around the twenty- 
fifth week of pregnancy. 


We are indebted to Dr. V. Wiegant and Dr. P. Bur- 
bach of the Rudolf Magnus Institute for Pharmacology, 
University of Utrecht, The Netherlands, for their ad- 
vice about high-performance liquid chromatography 
techniques and for the supply of the quoted materials. 
We also acknowledge Prof. A. E. Panerai, of the Istituto 
di Farmacologia, Universita di Milano, for his help in 
performing our first high-performance liquid chro- 
matography runs. Finally, the generous supply of anti- 
B-endorphin and anti~—f-lipotropin sera from Prof. 
C. H. Li, of the Hormone Research Laboratory, 
University of California, San Francisco, is also ac- 
knowledged. 
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Effects of maternal anemia on cardiac output, systemic oxygen 
consumption, and regional blood flow in pregnant sheep 


Daniel I. Edelstone, M.D., Mary E. Paulone, M.D., John J. Maljovec, M.D., and 


Margaret Hagberg, M.D. 
Putsburgh, Pennsylvania 


We measured regional blood flows and cardiac output and calculated regional oxygen deliveries (blood 
flow x arterial blood oxygen concentration) and systemic oxygen delivery, oxygen extraction, and oxygen 
consumption as maternal hematocrit was varied randomly between 31% and 8% by exchange transfusion 
with plasma or packed sheep red blood cells. We observed three patterns of response: (1) In the heart, 
brain, and adrenal glands, oxygen delivery was constant or nearly constant over the range of hematocrits 
studied; (2) in the kidneys, splanchnic organs, and uteroplacental tissues, oxygen delivery was a linear 
function of hematocrit; (3) in the carcass tissues, oxygen delivery decreased slowly as hematocrits were 
reduced from 31% to 15% and dropped rapidly at hematocrits <15%. Systemic oxygen consumption was 
maintained at normal levels, despite reductions in hematocrit to about 15%, because oxygen extraction 
increased as compensation. At lower hematocrits, systemic oxygen consumption fell in association with a 
metabolic acidemia, suggesting that, with this severity of acute anemia, oxygen supply to some tissues in 
the pregnant sheep was inadequate for tissue metabolic demands. (AM J OBsTET GYNECOL 19873156: 


740-8.) 


Key words: Acute isovolemic anemia, cardiac output distribution, maternal acid-base balance 


At all developmental ages, anemia affects a wide va- 
riety of cardiovascular functions.'* Two important 
functions affected are tissue blood flow and tissue oxy- 
gen delivery.” * In nonpregnant animals, responses of 
individual organs and tissues to anemia vary between 
tissues, chiefly because of two factors: (1) Tissues reg- 
ulate blood flow in direct response to changes in blood 
oxygen concentration or tissue oxygen availability; (2) 
anemia induces alterations in blood viscosity that di- 
rectly influence blood flow.** Although alterations in 
viscosity (at any given shear rate) affect all organs and 
tissues equally, changes in vascular tone secondary to 
reductions in oxygen concentration or oxygen avail- 
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ability differ considerably among tissues. As such, the 
vascular effects of anemia show regional variations. Ex- 
periments done on fetal,' neonatal,’ and nonpregnant 
adult animals* have shown that blood flows to the brain, 
heart, and adrenal glands increase sufficiently during 
anemia so that oxygen delivery (blood flow x arterial 
blood oxygen concentration; to these organs is main- 
tained at normal or nearly normal levels. In contrast, 
in virtually all other organs, perfusion increases only 
modestly or not at all with anemia, and thus oxygen 
delivery falls as a function of decreasing hematocrit. 
Similar experiments have not been performed in preg- 
nant animals. Such experiments would be of impor- 
tance for at least two reasons. First, normal pregnancy 
is associated with considerable cardiovascular changes.’ 
The ways in which maternal tissues respond to the fur- 
ther cardiovascular stresses of anemia may differ from 
those of the nonpregnant animal. Second, maternal 
anemia is a common complication of human preg- 
nancy’ and has been associated with increases in ma- 
ternal morbidity and mortality rates. Data on the car- 
diovascular adjustments of pregnant animals to anemia 
may help to explain why morbidity and mortality rates 
are increased during pregnancy. 

The purpose of our experiments was to identify the 
relationships of organ blood flows and oxygen deliv- 
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eries to maternal hematocrit during acutely induced 
anemia in pregnant animals. We also planned to mea- 
sure cardiac output and systemic oxygen delivery and 
oxygen consumption during anemia to establish how 
the anemic state affects maternal oxidative metabolism. 
The fetal and placental responses to acute maternal 
anemia have previously been evaluated and are the 
subject of a separate report.’ 


Methods 


Preparation of animals. We surgically prepared 
seven singleton pregnant sheep in which gestational age 
ranged from 105 to 125 days (term = 147 days). A 
spinal or epidural anesthetic (tetracaine hydrochloride, 
1%) was administered to each sheep, after which cath- 
eters were inserted into two maternal hind limb arteries 
and one vein. Catheters were passed in a retrograde 
direction via a carotid artery into the left ventricle and 
via a jugular vein into the right ventricle. Catheter 
placements were verified by observation of the char- 
acteristic pressure wave forms produced by the left and 
right ventricles. Two to 4 days later, we studied the 
unanesthetized mothers as they stood quietly in an open 
transport cage. Five of the seven animals were studied 
on the fourth postoperative day, one on the third, and 
one on the second. 

Experimental procedures. We measured cardiac 
output, systemic oxygen delivery and oxygen con- 
sumption, acid-base balance, and regional blood flows 
and oxygen deliveries at maternal hematocrits ranging 
from 31% to 8%. To vary the maternal hematocrit, we 
performed isovolemic exchange transfusions by infus- 
ing packed sheep red blood cells or plasma through 
one vascular catheter while withdrawing blood at the 
same rate from a second catheter.” Hematocrits were 
changed gradually over a period of 1 to 4 hours, during 
which time arterial blood pressure and heart rate were 
continuously monitored (Statham P23Db transducers) 
and recorded (Beckman R611A polygraph recorder). 

As the exchange transfusions were progressing, we 
measured hematocrit periodically. When hematocrit 
had reached a value selected randomly, we stopped the 
exchange transfusion. After maternal hematocrit, heart 
rate, and arterial blood pressure were stable for at least 
30 minutes, we withdrew 0.6 ml blood samples simul- 
taneously from the arterial and right ventricular cath- 
eters. We analyzed these samples within 15 minutes for 
the following: Po,, Pco,, and pH with a blood gas ana- 
lyzer (Instruments Laboratories), oxygen concentration 
with an oxygen content analyzer (Lex-O,-Con), and he- 
matocrit with a microhematocrit centrifuge.’ Immedi- 
ately after the blood sampling, we injected radionu- 
clide-labeled microspheres (labeled with either iodine 
125, cerium 141, chromium 51, strontium 85, niobium 
95, or scandium 46, 15 wm in diameter) into the left 
ventricle while withdrawing an arterial blood reference 
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sample at a rate of 7.9 ml/min.? We used this high 
withdrawal rate during the microsphere injections to 
ensure that blood flow measurements made in the ane- 
mic animals were accurate. The volume of maternal 
blood drawn during each study was replaced with whole 
blood or plasma so that a constant intravascular blood 
volume could be maintained. 

In preliminary experiments we determined that we 
needed to inject 2 to 5 X 10° microspheres to have 
sufficient numbers of particles in the organs and in the 
reference arterial blood samples from which precise 
calculations of organ blood Hows could be made. There 
were no cumulative effects of multiple injections 
of microspheres (maximum total spheres injected = 
20 x 10°) on maternal arterial blood pressure or heart 
rate.’ In all cases arterial blood pressure and heart rate 
were stable before, during, and after the microsphere 
injections. When the measurements were completed at 
any given maternal hematocrit, we increased or de- 
creased the hematocrit to a new level and repeated the 
oxygen and flow measurements. An average of five 
such measurements (range three to six) was made in 
each of the seven sheep. The exact hematocrit at which 
measurements were made varied from one sheep to the 
next. No attempt was made to study all animals at the 
same hematocrit levels. 

Preparation of tissues and calculation and analysis 
of data. At the completion of the experiment, sheep 
were killed with an overdose of sodium pentobarbital, 
and catheter locations were verified visually. All organs 
were dissected, weighed, and processed further with 
standard techniques.” Organs were incinerated individ- 
ually at 280° C for 48 hours, after which the ashed 
tissues were packed into counting vials. The amounts 
of each radionuclide in the organs and arterial blood 
reference samples were measured with a well-type 
gamma scintillation counter (Model 1185R, Tracor) 
and a 1024-channel pulse-height analyzer (Ultima II, 
Norland). Nuclide isotope separation was performed 
by computer, which used a least-squares fitting analysis 
to distinguish the various isotopes contained in each 
sample (Nova 3, Data General; average error in the 
calculation of corrected radioactive counts per minute 
for each isotope was <5%). Arterial blood reference 
samples and all organs, except the adrenal glands, con- 
tained >1500 microspheres to ensure that the error in 
any blood flow measurement was <5% at the 95% con- 
fidence limits.’ For the adrenal glands all tissues con- 
tained >400 microspheres (maximum error 10%, 95% 
confidence limits). 

We computed the organ blood flows and oxygen de- 
liveries as follows" *: 


Organ blood flow = (CPM,.,.an/CPM,cr) ° One 
Organ oxygen delivery = {organ blood flow) - CaO, 


where CPM... = radioactive counts per minute in the 
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Table I. Effects of acute maternal anemia on heart rate, mean arterial blood pressure, and arterial blood 
oxygen concentration and acid-base balance 


Hematocrit range 


21%-25% 16%-20% 11%-15% <10% 
i 4 9 


n 8 7 
Heart rate (bpm) 96 + 13 98 + 10 113 + 19 118 + 10* 132 4 12+ 
Mean arterial blood pressure (mm Hg) 94 +8 91+ 8 86 + 10 &3 + 16 85 + 6 
Arterial blood oxygen concentration 12.6 + 1.4 10.9 + 1.3 8.8 + 0.8% 6.8 + 0.6% 4.5 + 1.0% 
(ml oxygen/dl blood) 
Arterial blood 
pH 7.57 + 0.01 7.62 +0.04 7.58 + 0.04 7.58 + 0.06 7.58 + 0.02 
Po, (mm Hg) 2 eae O55 97 +8 8 + 6 103 + 9 
Pco, (mm Hg) 29 + 4 +4 29 + 4 29 +5 24 + 5* 
` Base excess (mEq/L) 6+3 + 54 4+2 =) 2273" 


Values are means + SD. 
*p < 0.05, analysis of variance. 


organ, CPM,.; = radioactive counts per minute in the 


arterial blood reference sample, Qref = arterial ref- 
erence blood flow, determined by calibration of the 
withdrawal pump, and CaO, = arterial blood oxygen 
concentration. 


Cardiac output was calculated as follows**: 


Cardiac output = (CPM oia/CPMie0) * Quer 


where CPM... = total radioactive counts per minute 
injected into the left ventricle. To determine the total 
counts per minute injected, we used an aliquot system.” 
This method has been shown in other laboratories*“ to 
provide accurate measurements of cardiac output when 
proper precautions for counting high rates are taken. 
To be certain of its validity in our own laboratory, we 
calculated cardiac output as above and also as follows 
in two of the animals. In these two sheep all tissues 
were counted for radioactivity. Cardiac output was then 
equal to the sum of the blood flows to all of the indi- 
vidual organs plus the carcass tissues (skeletal muscle, 
skin, skeleton, and adipose tissue). Cardiac output cal- 
culated by the two methods differed by an average of 
11% (+3% SD; n = 10 measurements made in two 
sheep). In the remaining five animals in which flow and 
oxygen delivery to carcass tissues were not measured 
directly, these variables were calculated as follows: 


Carcass blood flow = cardiac output — 
sum of all organ blood flows 
Carcass oxygen delivery = 
(carcass blood How) - CaO, 


Three variables of systemic oxygenation were com- 
puted with modifications of the Fick principle’: 


Systemic oxygen delivery = (cardiac output) + CaO, 
Systemic oxygen consumption = (cardiac output) - 


Systemic oxygen extraction = (CaO, — CvO.)/CaO, 


where CvO, = oxygen concentration in right ventric- 


ular blood. 
There were no obvious diferences in basal maternal 


blood pressures, heart rates, or hematocrits as functions 
of gestational age (over the range studied, 109 to 127 
days) or length of postoperative recovery period (2, 3, 
or 4 days). Therefore we based our analyses on the 
pooled data (32 measurements obtained in seven 
sheep). Two analyses were performed. First, organ 
blood flows and oxygen deliveries, maternal cardiac 
output, and systemic oxygen delivery, oxygen extrac- 
tion, and oxygen consumption (dependent variables) 
were plotted against maternal hematocrit (independent 
variable). We analyzed the data sy means of a weighted 
least-squares method based on covariance analysis that 
allowed us to generate regression lines that took into 
account responses seen in individual animals."' Linear, 
logarithmic, and power functions were all tested for 
best fit; the function selected as best describing each 
relationship had the greatest correlation coefficient as- 
sociated with the least residual sum of squares. Second, 
we arbitrarily divided up the data into five equal he- 
matocrit ranges so that we could present all of our data 
in tabular form. These data were analyzed with a one- 
way analysis of variance. When significant differences 
were observed, we used the Newman-Keuls test (with 
Kramer’s modification for comparisons involving un- 
equal n) to identify which dependent variables differed 
from the rest.'' In all statistical analyses, p values <0.05 
were used to indicate statistically significant corre- 
lations. 


Results 

In the seven pregnant sheep studied, gestational age 
was 115 + 7 days (mean + SD) on the day of study, 
body weight was 42 + 6 kg, and hematocrit was 
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Fig. 1. Example of first pattern of response to acute maternal 
anemia. Coronary blood flow and oxygen delivery as functions 
of maternal hematocrit. A, Blood flow versus hematocrit, 
y = 1365x7°"; r = 0.65, p < 0.001. B, Oxygen delivery ver- 
sus hematocrit, y = 9.0 + 0.07x; r = 0.11, NS. 


27% + 2%. In response to reductions in maternal he- 
matocrit, heart rate increased linearly, mean arterial 
blood pressure did not change significantly, arterial 
blood oxygen concentration fell linearly, and a com- 
bination of metabolic acidosis (decreased base excess) 
and respiratory alkalosis (decreased Pco,) developed 
(Table 1). . 

Blood flow and oxygen delivery to maternal organs 
and tissues during acute isovolemic anemia could be 
classified into three general patterns of response. 
Figs. 1 to 3 illustrate the data obtained on three specific 
tissues, heart, kidneys, and carcass, that serve as €x- 
amples of the three responses observed. Tables H and 
II present the data for all the organ and tissue re- 
sponses, expressed in units of absolute flow and oxygen 
delivery (Table II) or as percentages of cardiac output 
(Table II). l 

In the frst pattern, typified by the heart, brain, and 
adrenal glands, blood flow (absolute flow in Table H 
and flow as a percentage of total cardiac output in Ta- 


ble III) increased as maternal hematocrit decreased. In | 


the case of the heart (Fig. 1, Table IT), oxygen delivery 
was constant over the range of hematocrits studied. In 
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Fig. 2, Example of second pattern of response to acute ma- 
ternal anemia. Renal blood flow and oxygen delivery as func- 
tions of maternal hematocrit. A, Blood Now versus hematocrit, 
y = 467 + 2.3x; r = 0.10, NS. B, Oxygen delivery versus he- 
matocrit, y = —0.22 + 2.56x; r = 0.81, p < 0.001. 


the brain and adrenal glands, however, oxygen delivery 
decreased as maternal hematocrit was reduced (Ta- 
ble II). In the second pattern of response, organ blood 
flows did not change significantly in response to acute 
maternal anemia (Tables II and IHI). Because of these 
blood flow responses, organ oxygen deliveries de- 
creased linearly as hematocrit was reduced. Organs ex- 
hibiting this second response pattern included the kid- 
neys, stomach, intestine, colon, spleen, liver, and uter- 
oplacenta. Fig. 2 illustrates the data for the renal 
response to acute maternal anemia as an example of 
this response pattern. The third pattern of response 
was observed in carcass tissues (skeletal muscles, skel- 
eton, skin, and adipose tissues). Fig. 3 and Table II 
show that blood flow to carcass tissues increased as he- 
matocrit was reduced to 15%, then decreased at lower 
hematocrit levels. Oxygen delivery did not change sig- 
nificantly as hematocrit was decreased from 31% to 
about 15% but fell rapidly when hematocrit was low- 
ered below about 15%. 

Because of the flow responses to acute maternal ane- 
mia observed in the various maternal organs and tis- 
sues, cardiac output increased as hematocrit was de- 
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Table II. Effects of acute maternal anemia on organ blood flows and oxygen deliveries 


Hematocrit range 


n` 4 4 9 8 7 
Response pattern No. 1 
Heart 
Q 92 +t 50 74 + 26 1250-51 131 36 220. 2:05" 
DO, 11.6 + 5.0 oe Be 11.1 + 4.5 9.0 + 3.5 10.5 + 3.8 
Brain i 
Q 57 £8 62 + 17 80 + 32 79 + 18 101 + 44* 
DO, 7.2 + 0.6 6.8 + 2.4 7.0 4 1.4 5.4 + 1.4% 4.5 2:2" 
Adrenals 
Q 115-25 122-4 67 143 + 50 162 + 35* 217 = 52* 
DO, 14.4 + 2.6 13 Ae ea 12.6: 3.9 11.0 + 2.2 9.8 + 3.6% 
Response pattern No. 2 
Kidneys. 
Q 528 + 46 555 + 140 489 + 118 485 + 185 474 + 173 
DO, 66.2 + 6.4 60.3 + 18.6 43.1 + 18.9 32.9 + 10.9* 21.1 + 7.4* 
Stomach 
-Q 19 + 50 [7&7 19 1713 24 Ł 6 
DO, 2.6 + 4.3 1.8 + 2.3 ae l.l + 0.8 1.0 + 0.4* 
Small intestine 
Q 72 + 19 62 + 12 Of + 13 76 + 17 82 + 10 
DO, 9.1 + 2.0 6.8 + 3.8 oa Oo ira Oe (a 3.7 0.7" 
Colon 
Q 51 £ 16 43 + 19 46 + 22 42 +15 42 t7 
DO, 66217 4.7 t22 4l + 1.9 3.0 2 1.2%% 1.8 + 0.6* 
Spleen 
Q 175 + 104 19] + 145 [72 = 101 147 + 52 135 + 56 
DO, 22.0 + 12:9 20.8% 15.5 15.0 + 8.6 10.0 + 4.6 6.0 22.1" 
Liver 
Q 152 + 126 138 + 98 151 77 156 + 62 173 + 50 
Uterus plus placenta Pe 
l 329 + 108 304 + 92 304 + 120 269 + 40 272 Ł 42 
DO, 41.5 + 9.2 33.1 + 12.4 26.6 + 12.6 18.3 £ 2.2* 12.3 + 3.6* 
Response pattern No. 3 
Carcass 
Q 6&2 0 E2 Sao" 6+ | eae lg 
DO, 0.7 + 0.2 0.6 £0 0.7 + 0.2 0.4 + 0.1% 0.1 + 0.1* 


Values are means + SD. Q = blood flow; DO, = oxygen delivery; both are expressed as milliliters per minute per 100 gm, 
except for uterus plus placenta, expressed per kilogram of uterus plus placenta plus fetus. Note that liver blood flow is the sum 
of hepatic arterial and portal venous blood flows; portal blood flow is the sum of the arterial blood Hows to all gastrointestinal 
tract organs. Without data on portal venous blood oxygen concentration, total liver oxygen delivery could not be calculated. 


*p < 0.05, analysis of variance. 


creased to 15% and then began to decrease when 
maternal hematocrit was reduced below about 15% 
(Table IHI and Fig. 4, A). Systemic oxygen delivery de- 
creased gradually as hematocrit was reduced from 31% 
to 15% but fell more rapidly at lower hematocrits 
(Fig. 4, B). As compensation for the fall in systemic 
oxygen delivery, oxygen extraction increased (Fig. 5, 
A) so that systemic oxygen consumption could be main- 
tained over the range of maternal hematocrits from 
31% to about 15% (Fig. 5, B). At hematocrits <15%, 
systemic oxygen consumption began to decrease. The 
decrease in oxygen consumption at hematocrits <=10% 
was associated with a combined metabolic acidemia (re- 
duced arterial blood base excess) and a respiratory al- 
kalemia (reduced arterial blood Pco,) (Table I). 


Comment 


Oxygen delivery to tissues is a function of two vari- 
ables, the tissue blood flow and the arterial blood oxy- 
gen concentration.'* At normal hematocrits blood flow 
is primarily determined by the cross-sectional area of 
the vasculature and by the perfusion pressure.’ When 
hematocrit is altered, however, the attendant changes 
in blood viscosity also directly influence tissue perfu- 
sion. Because the relative contributions of vascular ge- 
ometry and viscosity to blood flow regulation differ 
from one vascular bed to another,** the effect of anemia 
on ‘blood flow and oxygen delivery to tissues shows 
regional variations. In our exveriments on pregnant 
sheep, we idéntified three general patterns of response 
of regional blood flows and oxygen deliveries as func- 
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Table III. Effects of acute maternal anemia on distribution of cardiac output 


Hematocrit range 


n 4 4 9 8 7 
Cardiac output distribution 
Cardiac output (ml/min/kg) lll 3 120 = 17 130 + 11* 113 + 24 102 + 10 
Response pattern No. | 
Heart 3.9 + 1.4 3.0 + 0.8 46 2.1 6.4 + 1.0* 9530" 
Brains L202 ESE OG 1.6 + 0.5 2.0 + 1.6 3.0 +-1.6* 
Adrenals 0.1 + 0.1 0.1 + 0.1 0.1 + 0.1 0.2 + 0.1 0.3-22-0:1* 
Response pattern No. 2 
Kidneys 12.0 + 2.0 11.9 + 4.0 10.0 + 2.9 11.5 + 3.4 12.3 4.1 
Stomach 57 2.8 4.2 + 4.6 4.2 + 5.6 5.2 + 4.1 6.7 + 4.3 
Small intestine 8.2 + 4.2 6.7 + 2.8 76 +36 8.1 43.7 9.3 + 2.6 
Colon 7.0 + 3.4 6.5: 35 6.0 + 2.8 6.0 + 2.1 7.7 = 14 
Spleen 3.2% 1.4 3.3 + 1.7 24 2 15 20s 12 2.5.09 
Liver 24.6 + 4.0 21.3 + 4.2 212229 23.1 + 4.6 26.8 + 4.8 
Uterus plus placenta 13.7 + 4.2 158 5.2 13.6 + 3.4 14.7 + 4.6 16.5 + 4.5 
Response pattern No. 3 
Carcass 44.6 + 7.3 46.5 + 8.2 48.9 + 8.7 42.2 + 8.5 31.6 + 6.4* 


Values are means + SD. Data for cardiac output distribution are percentages of the total cardiac output. 


*P < 0.05, analysis of variance. 


tions of maternal hematocrit during acutely induced 
anemia. 

In the first pattern of response, seen in the heart, 
brain, and adrenal glands, blood flow varied inversely 
with hematocrit so that oxygen delivery to these organs 
was held constant or decreased modestly over about a 
fourfold range of hematocrits (8% to 31%) and a four- 
fold range of arterial blood oxygen concentrations (3.9 
to 14.6 ml of oxygen per deciliter of blood). A portion 
of the increase in blood flow was probably due to the 
rheologic effects of reduced blood viscosity that occur 
during anemia." ë This increase by itself, however, 
would not account fully for the large increases in organ 
perfusion that we observed,** Since perfusion pressure 
did not change during acutely induced anemia, some 
of the rise in blood flow in the heart, brain, and adrenals 
must have been due to vasodilation. In the heart of the 
pregnant sheep, the combination of decreased viscos- 
ity and coronary vasodilation produced sufficient in- 
creases in perfusion for coronary oxygen delivery to 
be unaffected by the degrees of acute maternal anemia 
produced. In contrast, in the brain and adrenal glands, 
blood flow increased to a lesser extent than that re- 
quired for maintenance of oxygen delivery. Thus oxy- 
gen delivery decreased slightly as maternal hematocrit 
was reduced. Our observations on the responses of the 
heart, brain, and adrenals to acute anemia in pregnant 
animals are similar to those made in nonpregnant adult 
animals? and in fetal! and neonatal? animals, indicating 
that the coronary, cerebral, and adrenal circulatory re- 
sponses to anemia are SUAUIAEVENY the same at all stages 
of development. 


In the second pattern of response to acute maternal 
anemia, blood flow showed no net effect as hemato- 
crit was reduced. Since the effects of viscosity, at any 
given shear rate, are uniform throughout all vascular 
beds,** perfusion should have increased as viscosity was 
reduced. The lack of an increase in blood flow to the 
kidneys, the splanchnic organs, and the uterus-placenta 
suggests that these circulations were vasoconstricted 
during maternal anemia. This latter interpretation may 
appear to be unsupported by our data, since we showed 
that vascular resistance, calculated as mean arterial 
blood pressure divided by blood flow, did not change 
in these organs. However, a constant resistance indi- 
cates the lack of either vasoconstriction or vasodilation 
only when hematocrit and thus viscosity are also con- 
stant.? When hematocrit and viscosity vary, vascular re- 
sistance must be considered to be primarily a function 
of two components,” the blood viscosity and the cross- 
sectional ared of the vasculature, as follows: R = 
8yl/mr*, where R = resistance, n = viscosity, | = length 
of the vascular channel, and r = radius of the vascular 
channel (a measure of the cross-sectional area). A de- 
crease in viscosity, 7, due to anemia would be expected 
to lead to a reduction in resistance, R. Our data, how- 
ever, indicated no such reduction. Therefore the ra- 
dius, r, of the vascular channel must also have decreased 
as a result of vasoconstriction (the length of the vascular 
channel, |, is fixed anatomically and would not be ex- 
pected to vary during anemia). 

- The splanchnic, renal, and uterine vascular beds va- 
soconstrict in response to a variety of stresses'* ° that 
are associated with sympathetic nerve stimulation or 
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Fig. 3. Third pattern of response to acute maternal anemia. 
Relationship of blood flow and oxygen delivery to carcass tis- 
sues (skeletal muscle, skin, skeleton, and adipose tissues) 
to maternal hematocrit. A, Blood flow versus hematocrit, 

= (157 Inx — 324)/x; r = 0.65, p < 0.001. B, Oxygen de- 
livery versus hematocrit, y= —1.06 + 0.57 Inx; r = 0.81, 
p < 0.001. 


catecholamine release. Acute anemia may also pro- 
duce vasoconstriction that is mediated neurohumorally. 
Since perfusion to the kidneys, splanchnic organs, and 
uterus did not vary during maternal anemia, oxygen 
delivery to these organs was directly dependent on he- 
matocrit. Despite such a dependence; the quantity of 
oxygen utilized by these organs must have been main- 
tained as hematocrits were lowered to about 15%, since 
systemic and uteroplacental oxygen consumptions* 
were unaffected by decreases in maternal hematocrit 
to similar levels. At hematocrits: =<10%, the oxygen 
supply to these tissues must have been inadequate for 
aerobic metabolism, judging by the reduction in sys- 
temic and uteroplacental® oxygen consumptions that 
developed. 

In the third pattern of response to maternal anemia, 
seen in the carcass tissues, blood flow increased as he- 
matocrit was decreased to about 15% and then dropped 
rapidly as hematocrit was reduced to lower levels. The 
initial rise in carcass perfusion could be accounted for 
entirely by decreases in blood viscosity,* in the absence 
of any active vasoregulation. However, when hemato- 
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Fig. 4. Cardiac output and systemic oxygen delivery (both per 
kilogram of sheep) as functions of maternal hematocrit. A, 
Cardiac output versus hematocrit, y = (2204 lnx — 4125)/x: 
r = 0.70, p < 0.001. B, Oxygen delivery versus hematocrit, 
y = —14.7 + 8.86 lnx; r = 0.94, p < 0.001. | 


crits were reduced to less than about 15%, the decrease 
in perfusion we observed must have been due to sub- 
stantial degrees of vasoconstriction in carcass tissues, 
which outweighed the beneficial effects of further re- 
ductions in viscosity on tissue perfusion.** As with the 
kidneys, splanchnic organs, and uterus, vasoconstric- 
tion in carcass tissues was probably a result of enhanced 
sympathetic nerve activity or catecholamine secretion.” 
Although vasoconstriction was present to some extent 
in organs and tissues exhibiting both the second and 
third patterns of response, its effects were more pro- 
nounced in the tissues of the carcass than in those of 
the abdominal viscera. 

The changes we observed in cardiac output and sys- 
temic oxygen delivery as functions of maternal hema- 
tocrit were the summation of all the individual organ 
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and tissue responses to maternal anemia. Cardiac out- 
put increased as hematocrit was reduced to about 15%, 
because blood flow to the heart, brain, adrenal glands, 
and carcass tissues increased. Cefalo et al., however, 
found that isovolemic anemia, when initiated rapidly 
(<1 hour), did not produce an increase in cardiac out- 
put in anesthetized sheep, even though systemic vas- 
cular resistance fell. Differences in experimental design 
between their study and ours may explain the differing 
responses of cardiac output to acute anemia. In our 
experiments, when hematocrits were dropped below 
about 15%, cardiac output fell to values seen when 
hematocrits were #26%, because the continued in- 
creases in perfusion to the heart, brain, and adrenals 
were offset by progressive decreases in carcass blood 
flow. 

Although cardiac output increased during reduc- 
tions in hematocrit of up to 50% below normal levels, 
the increases were less than the associated decreases in 
arterial blood oxygen concentration, and thus systemic 
oxygen delivery fell. Despite the fall in total oxygen 
delivery, systemic oxygen consumption was unaffected 
by acute variations in hematocrit over the range of he- 
matocrits from 31% to about 15%, because systemic 
oxygen extraction increased sufficiently as compensa- 
tion. Similar responses have been observed in non- 
pregnant adult animals.’ At lower hematocrits, sys- 
temic oxygen consumption began to decline in associ- 
ation with the development of a metabolic acidemia 
(decrease in arterial blood base excess) and a respira- 
tory alkalemia (decrease in arterial blood Pco,). The 
metabolic acidemia suggests that oxygen delivery to 
some tissues, most likely those of the carcass, was in- 
sufficient for oxidative metabolic demands. The respi- 
ratory alkalemia was due to hyperventilation that could 
have resulted from three possible mechanisms": (1) 
Lactacidemia resulting from anaerobic metabolism is a 
potent stimulus for ventilation; (2) anemia directly in- 
creases chemoreceptor activity and augments respira- 
tion; (3) increased sympathetic nerve activity stimulates 
chemoreceptors, which in turn enhance ventilation. 

The level of maternal hematocrit associated with a 
fall in systemic oxygen consumption and the develop- 
ment of a metabolic acidemia (anaerobic metabolism) 
was about the same as that which led to anaerobic me- 
tabolism in the fetus. This observation might suggest 
that the maternal organism is not necessarily protected 
from the adverse effects of anemia at the expense of 
the well-being of the conceptus. However, if fetal an- 
aerobic metabolism were to develop during severe de- 
grees of maternal anemia and if the anemia were not 
corrected promptly, fetal death would ensue. After the 
fetus died, uteroplacental perfusion would fall. The 
portion of maternal cardiac output designated for 
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Fig. 5. Systemic oxygen extraction and oxygen consumption 
(per kilogram of sheep) as functions of maternal hematocrit. 


A, Oxygen extraction versus hematocrit, y = 159x-°" r = 


0.82, p < 0.001. B, Oxygen consumption versus hematocrit, 
y = (114 Inx — 236)/x; r = 0.83, p < 0.001. 


uteroplacental tissues would then be available to other 
maternal tissues whose perfusions and oxygen supplies 
might have been inadequate for oxidative metabolism. 
In this way a severely anemic mother could survive, 
even if her fetus could not. Our current data cannot 
and should not be extrapolated to encompass chronic 
degrees of anemia in animal or human pregnancies. It 
is unknown how chronic anemia might affect the ma- 
ternal systemic circulation, although in nonpregnant 
animals acute anemia and chronic anemia produce sim- 
ilar adjustments in cardiac output and oxidative met- 
abolic rate.” 

In summary our data indicate that the organs and 
tissues of the pregnant sheep show regional variations 
in their responses to acute isovolemic anemia. Blood 
flows to the heart, brain, and adrenal glands increase 
as compensation for reductions in hematocrit. Oxygen 
delivery to those organs is affected little by reductions 
in hematocrit and thus in arterial blood oxygen con- 
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centration. In all other organs and tissues, blood flows 
either are affected modestly or are reduced during ane- 
mia, with the result that oxygen delivery to these latter 
tissues decreases as a function of maternal hematocrit. 
Despite reductions in oxygen delivery to many tissues, 
systemic oxidative metabolism can be sustained at nor- 
mal levels even when hematocrit is reduced by as much 
as 50% below normal levels. The responses observed 
in pregnant animals are qualitatively similar to those 
noted for nonpregnant animals and for fetal and neo- 
natal animals, indicating that the pattern of the car- 
diovascular response to acute anemia is the same 
throughout all stages of development. 


We wish to thank Anthony Battelli, Pat Moran, and 
Lynn Heckman for their excellent technical assistance. 
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Myocardial adenylate cyclase activity in ritodrine-treated 


pregnant rabbits 


Christos G. Hatjis, M.D., and J. D. Bottoms, B.S. 
Winston-Salem, North Carolina 


To determine whether prolonged exposure to ritodrine results in down-regulation of myocardial adenylate 
cyclase activity during pregnancy, New Zealand White rabbits with time-dated pregnancies were randomly 
assigned to a sham-operated contro! group and to a ritodrine-treated group. Starting at 22 days’ gestation 
(term 31 days), animals received either intravenous ritodrine intermittently or the equivalent volume of 
vehicle for 3 days. Adenylate cyclase activity was determined in a plasma membrane fraction obtained 
from ventricular tissue. There was no difference in the basal activity or the basa! and guanosine 
triphosphate activity between the two groups. L-lsoproterenol—dependent stimulation required the presence 
of guanosine triphosphate. Both maximal and 50% enzymatic stimulation were equivalent in both groups. 
Furthermore, sodium fluoride~dependent stimulation was similar in both groups. Finally, adenylate cyclase 
activity in the presence of forskolin and manganese chloride was similar in both groups. From the above, 
we conclude that intermittent systemic infusions of ritodrine to pregnant rabbits did not result in 
down-regulation of myocardial adenylate cyclase activity. (AM J OssteT GYNECOL 1987;156:749-54.) 


Key words: Ritodrine, adenylate cyclase activity, adult rabbit myocardium, desensitization 


The stimulating actions of catecholamines on cardiac 
tissue are primarily, but not exclusively, mediated via 
B-adrenergic receptors. These in turn regulate con- 
tractile and chronotropic responses to stimuli through 
adenylate cyclase. This enzyme catalyzes the synthesis 
of 3',5’-cyclic adenosine monophosphate (3',5’-cAMP), 
which acts as a second messenger. ' 

The B-adrenergic receptor—adenylate cyclase com- 
plex is thought to consist of at least three protein com- 
ponents: B-adrenergic receptor, stimulatory guanosine 
triphosphate~-binding protein (G, protein), and ade- 
nvlate cyclase catalytic activity.” When B-adrenergic re- 
ceptor agonists bind to the B-adrenergic receptor, they 
promote the formation of high-affinity complex (“ter- 
nary” complex of the receptor) with the G-binding pro- 
tein. In the presence of guanosine triphosphate, the 
agonists and the B-adrenergic receptor dissociate from 
the activated G-binding protein, which in turn is 
thought to interact with a catalytic moiety of the enzyme 
that leads to adenylate cyclase activation and intracel- 
lular 3’,5’-cAMP formation. 
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B-Adrenergic receptor—adenylate cyclase activities 
are modulated through two major classes of regulatory 
mechanisms, homologous or heterologous.* In the for- 
mer instance, the regulator is a hormone that normally 
binds to the B-adrenergic receptor (B-adrenergic re- 
ceptor agonist or antagonist). Generally, exposure to 
an agonist may induce a down-regulation (tachyphy- 
laxis) of B-adrenergic receptor—adenylate cyclase func- 
tion while an antagonist induces an up-regulation. In 
the latter case, hormones that normally do not bind to 
B-adrenergic receptors appear to regulate their func- 
tion indirectly (thyroid hormones, sex steroid hor- 
mones, glucocorticoids). Up- or down-regulation may 
then be induced. Although the exact molecular stol- 
chiometry of these alterations has not been worked out 
in all systems, there are at least two ways through which 
the B-adrenergic receptor—adenylate cyclase complex 
can be modulated: First, the concentration of B-adren- 
ergic receptors in plasma membranes may be dynam- 
ically altered; second, the interaction between the 
B-adrenergic receptor and the G-binding protein might 
be changed under certain situations, which would in 
turn be reflected by changes in adenylate cyclase ac- 
tivity.” * 

Ritodrine, a selective B.-adrenergic receptor agonist, 
has been widely used for the treatment of premature 
labor.’ It has been shown that this drug may have a 
wide spectrum of cardiovascular side effects ranging 
from maternal and fetal tachycardia to electrocardio- 
graphic changes and congestive heart failure. Some of 
these cardiovascular effects are mediated through myo- 
cardial B-adrenergic receptor function and adenylate 
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L-Iso L-lso + L-Iso + GTP 
(100 aM) GTP + DL-Prop 
(100M) (10uM) 


Fig. 1. Basal and stimulated B-adrenergic receptor-dependent myocardial adenylate cyclase activity. 
Numbers in bars represent number of individual animals used for that determination. GTP = 
Guanosine triphosphate; L-Jso = L-isoproterenol; DL-Prop = DL-propranolol. 


cyclase activity. Thus it is conceivable that prolonged 
exposure to ritodrine might result in down-regulation 
of myocardial B-adrenergic receptor function and ad- 
enylate cyclase activity. In this series of experiments we 
have tried to answer the question whether intermittent 
administration of ritodrine to pregnant rabbits results 
in a decrease in myocardial adenylate cyclase activity. 


Material and methods 


Animals. New Zealand White rabbits with time-dated 
pregnancies were obtained from a local supplier and 
housed in our vivarium, At 22 days’ gestation (term 3] 
days) the animals were anesthetized with intramuscu- 
lar injections of ketamine (30 mg/kg) and xylazine 
(6 mg/kg). The right jugular vein was then exposed 
and catheterized with polyvinyl chloride catheters. 
The catheters were kept patent with infusion of dilute 
heparin solution in normal saline. The day after op- 
eration the animals were randomized into two groups. 
Group 1, the ritodrine-treated group, received intra- 
venous ritodrine at 7:00 to 8:00 am and 3:00 to 4:00 PM 
daily for 3 days. Group 2, the control group, received 
an equal volume of drug vehicle only (10-*N hydro- 
chloric acid, 0.17 mol/L ethylenediaminetetraacetic 
acid) according to the same time schedule. At 26 days’ 
gestation, the animals were anesthetized with intrave- 
nous pentobarbital sodium (40 mg/kg), following which 
the doe was put to death. The heart of the animal was 
then removed in its entirety and separated into ven- 
tricles and atria. The position of the jugular catheter 
was confirmed in the vicinity of the right atrium in all 
cases. The tissue was then immersed in liquid nitrogen 
and stored at — 70° C until it was used. 


The dose of ritodrine received was 5.6 mg/kg of 
body weight, twice a day. This approximates an average 
intravenous daily dose of ritodrine for humans (200 
pg/min) and represents Vie of the 50% lethal dose 
for rabbits. None of the animals used in these experi- 
ments aborted before 27 days’ gestation. They were 
confirmed to be pregnant at the time they were put to 
death. 

Material. Drug and reagents were obtained from 
commercial sources and were of reagent grade. Rito- 
drine hydrochloride was provided by Astra Pharma- 
ceuticals. a-*P—labeled adenosine triphosphate (ATP) 
(10 to 30 Ci/mmol) and 3’,8'--H—labeled 3’,5’-cAMP 
(15 Ci/mmol) were obtained from ICN. 

Preparation of heart homogenates.’ On the day of 
the assay, the heart ventricle was placed in five to 10 
volumes per gram of wet weight of ice-cold 0.9% so- 
dium chloride (w/v) and 20 mmol/L Tris hydrochlo- 
ride, pH 7.5 (buffer A). It was then minced with scissors 
and homogenized with a Brinkman Polytron (setting 
6-7, 10 seconds). A crude membrane preparation was 
obtained after centrifugation at 20,000 x g for 10 min- 
utes (4° C). The pellets were then resuspended in 2 ml 
of ice-cold buffer A and preincubated for 15 minutes 
at 30° C in the presence of 0.5 mmol/L dithiothreitol, 
0.17 mmol/L ethyleneglycol-bis (8-aminoethyl ether)- 
N,N’tetraacetic acid (EGTA), 1 mmol/L hydrochloric 
acid, 0.2% bovine serum albumin, 5 mmol/L magne- 
sium chloride, pH 7.45. The suspension was then re- 
centrifuged as previously outlined. The resulting pellet 
was resuspended in ice-cold buffer A (100 to 150 vol- 
umes per gram of wet weight) and used in the 
assay. 
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Fig. 2. Dose-response curves for L-isoproterenol-stimulated myocardial adenylate cvclase activity in 
pregnant adult rabbits. Each point represents the mean of three to five individual determinations. 
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Fig. 3. Basal and stimulated sodium fluoride (NaF)—dependent myocardial adenylate cyclase activity. 
Numbers in bars represent number of individual animals used for that determination. GTP = 


Guanosine triphosphate. 


Adenylate cyclase assay. Adenylate cyclase activ- 
ity was determined by measuring the conversion of 
a-°P—labeled ATP to P-labeled 3’,5'-cAMP and iso- 
lating the product by a modification® of a method de- 
veloped by Salomon.’ The reaction was carried out in 
duplicate or triplicate at 30° C for 10 minutes in a final 
volume of 0.2 ml containing 0.1 ml of membrane frac- 
tion (0. 23 to. 1.3 mg of protein per milliliter) and 50 
mmol/L Tris hydrochloric acid, pH 7.5, 0.45% so- 
dium chloride, 0.5 mmol/L adenosine triphosphate, 


5 mmol/L magnesium chloride, 0.17 mmol/L EGTA, 
0.05 mmol/L 3',5'-cAMP, 0.5 mmol/L dithiothreitol, 
0.75 mmol/L 3-isobutylmethylxanthine, 0.1 mg/ml 
creatine kinase, 10 mmol/L creatine phosphate, and 
l to 2 x 10° cpm of a-’P_labeled ATP. Appropriate 
drugs were added as required. The reaction was ini- 
tiated by adding the membrane fraction to the incu- 
bation tubes. It was linear with respect to time (20 min- 
utes) and protein concentration. The reaction was ter- 
minated by the addition of 0.25 ml of a solution 
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Fig. 4. Basal and stimulated forskolin- and manganese chlo- 
ride (MnCl)—dependent myocardial adenylate cyclase activity 
in pregnant adult rabbits. Ethyl alcohol (ETOH) (6%) was the 
diluent for forskolin; thus enzymatic activity was determined 
in its presence (not different from basal activity). Numbers in 
bars represent number of individual animals used for that 
derermin aion: 


containing 50 mmol/L Tris hydrochloric acid (pH = 
7.5), 5 mmol/L ATP, 1 mmol/L 3’,5'-cAMP, and 5% 
sodium dodecyl sulfate. *H- labeled 3’,5'-cAMP (10,000 
to 15,000 cpm per tube) was added to all tubes to serve 
as an internal standard and monitor the efficiency of 
recovery. The tubes were then placed in boiling water 
for 10 minutes and allowed to cool down to room tem- 
perature. *P- labeled 3’,5’-cAMP was isolated with se- 
quential Dowex (AG 50W-X4, 200 to 400 mesh, Bio- 
Rad) and neutral alumina columns and counted in a 
scintillation counter (Packard). Recovery of 3’,5'-cAMP 
was determined by the percent recovery of *H-labeled 
cAMP external standard in each sample. 

Results have been corrected for percent recovery 
(routinely >60%). Enzymatic activity was expressed as 
nanomoles of 3’,5’-cAMP produced per milligram of 
protein per minute (per heart). The Kaa value of the 
enzyme for L-isoproterenol (concentration of L-isopro- 
terenol required to half maximally stimulate enzymatic 
activity) was determined in some experiments by pro- 
ducing dose-response curves. Kı was calculated by 
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logit-log transformation of the data from each individ- 
ual dose-response curve. 

Protein assay. Protein concentrations were deter- 
mined according to the method of Bradford? with bo- 
vine serum albumin used as a standard. 

Statistical analysis. Results presented are expressed 
as mean + SEM. We used ‘Student ¢ tests to examine 
the null hypothesis that ritodrine treatment resulted in 
a decrease in basal and stimulated adenylate cyclase 
activity. A p value of <0.G5 was considered significant. 


Results 


Adenylate cyclase activity in myocardial membranes 
was determined under several different experimental 
conditions. Basal enzyme activity in the presence or 
absence of guanosine triphosphate did not differ be- 
tween the two groups (Fig. 1). However, the presence 
of guanosine triphosphate did increase basal adenylate 
cyclase activity to a modest degree. B-Adrenergic re- 
ceptor—mediated adenylate cyclase activity was deter- 
mined in the presence of maximal L-isoproterenol con- 
centrations (Fig. 1) and by obtaining dose-response 
curves with variations in the amount of L-isoproterenol 
present (Fig. 2). L-Isoproterenol—dependent stimula- 
tion required the presence of guanosine triphosphate. 
The degree of stimulation by L-isoproterenol did not 
differ in the two treatment groups. Moreover, the K,,, 
of the enzyme by L- -isoproterenol was similar in the two 
groups of animals tested (Fig. 2). Finally stimulation 
by L-isoproterenol was specifically inhibited by pL-pro- 
pranolcl, a potent -adrenergic receptor antagonist 
(Fig. 1). This series of experiments indicates that ad- 
enylate cyclase activity, which is mediated by B-adren- 
ergic receptor stimulation, is not influenced appreciably 
by previous in vivo exposure to ritodrine. — 

We next indirectly examined the activity of the 
G,-binding protein? as indicated by sodium fluoride 
stimulation (Fig. 3). Again, no significant differences 
were noted between the control and the ritodrine- 
treated animals. Sodium fluoride was not dependent 
on the presence of guanosine triphosphate. 

Finally, we indirectly examined the catalytic com- 
ponent of the enzyme by measuring its stimulation in 
the presence of forskolin and manganese chloride 
(Fig. 4). We used these compounds since in previous 
experiments they have been shown to stimulate the 
catalytic component of the enzyme directly.™? How- 
ever, in some systems there is evidence to suggest that 
forskolin might accomplish this stimulation via a 
process dependent on G,~binding protein. Forskolin 
was the most potent stimulator of enzymatic activity 
(Fig. 4). Addition of guanosine triphosphate to forsko- 
lin did not change the degree of adenylate cyclase stim- 
ulation (unpublished observations). Although manga- 
nese chioride stimulated enzymatic activity appreciably, 
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Fig. 5. Adenylate cyclase stimulation in myocardium of pregnant adult rabbits. Data from Figs. 1 
to 4 have been normalized with regard to basal activity. No significant differences were noted. Numbers 
in bars represent number of individual animals used for that determination. GTP = Guanosine 
triphosphate; L-JSOP = L-isoproterenol; NaF = sodium fluoride; MnCl, = manganese chloride. 


it was significantly less potent than forskolin (Fig. 4). 

Fig. 5 shows the percent activation over basal enzy- 
matic activity by guanosine triphosphate, L-isoproter- 
enol, sodium fluoride, forskolin, and manganese chlo- 
ride. Forskolin was the most potent stimulant. However, 
the degree of stimulation by each of these agents did 
not differ between the control and ritodrine-treated 
animals. 

In preliminary experiments we documented that the 
ritodrine hydrochloride we used to inject the animals 
did have in vitro activity in terms of both displacing 
1251.Jlabeled iodohydroxybenzylpindolol from B-adren- 
ergic receptors in myometrial membranes" and stim- 
ulating adenylate cyclase activity in myocardial mem- 
branes in the presence of guanosine triphosphate (un- 
published observations). These experiments indicate 
that the ritodrine the animals received had not been 
inactivated. 


Comment 


Ritodrine is a potent selective B,-adrenergic receptor 
agonist. However, it is similar to the other existing 
8-sympathomimetic drugs in that it acts to some degree 
on both B,- and B,-adrenergic receptors. The predom- 
inant subtype in ventricular myocardium is the B,-ad- 
renergic receptor.* ® Thus it is not unusual to observe 
significant cardiovascular side effects as a result of rito- 
drine treatment. It has been shown’ that ritodrine in- 


fusion results in significant maternal tachycardia and 
in a decrease in stroke volume and possibly in stroke 
work index. Finally, in some instances ritodrine has 
been associated with chest pain, congestive heart fail- 
ure, and evidence of myocardial ischemia. 

We hypothesized that in vivo exposure to ritodrine 
might result in down-regulation of myocardial B-ad- 
renergic receptor function as manifested by adenylate 
cyclase activity in myocardial membranes from the 
adult pregnant rabbit. 

To anwer the question, we performed in vitro ex- 
periments in which we measured adenylate cyclase ac- 
tivity in ventricular heart membranes from pregnant 
rabbits. We found that daily intermittent treatment of 
rabbits with ritodrine did not result in any appreciable 
changes in myocardial adenylate cyclase activity. We did 
not see any changes in B-adrenergic receptor-mediated 
enzymatic activity nor did we observe an indirect effect 
on the function of G,-binding protein or on the catalytic 
component of the complex. Thus under these exper- 
imental conditions ritodrine does not result in down- 
regulation of adenylate cyclase activity. 

_ These results are somewhat in conflict with previ- 
ously reported observations after isoproterenol treat- 
ment of animals where down-regulation of myocardial 
receptors had indeed been observed.’ In that study, 
although L-isoproterenol was administered intermit- 
tently, the duration of treatment was for 10 days. How- 
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ever, desensitization has been reported even after a 
short-term infusion of L-isoproterenol. These results 
suggest that ritodrine may behave somewhat differently 
than isoproterenol and that it may affect only tissues 
that contain primarily B.-adrenergic receptors. Finally, 
whether continuous, rather than intermittent, long- 
term infusion of ritodrine might result in desensitiza- 
tion of myocardial B-adrenergic receptors iš not known. 

Ritodrine has profound metabolic effects that might 
influence myocardial function regardless of B-adren- 
ergic receptor and adenylate cyclase activity. Specifi- 
cally, it-has been associated with hypokalemia and hy- 
pocalcemia,® derangements that might affect myocar- 
dial cell repolarization and contractility. Thus it is 
possible that if ritodrine administration does not affect 
adenylate cyclase function in myocardial membranes, 
it might compromise it through secondary metabolic 
effects. Further work in this area to delineate the action 
of this drug with regard to myocardial performance is 
warranted, 
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Infusion of gonadotropin-releasing hormone agonist during 
pregnancy: Maternal and fetal responses in primates 


V. M. Sopelak. Ph.D., and G. D. Hodgen, Ph.D. 
Jackson, Mississippi, and Norfolk, Virginia 


To determine whether a gonadotropin-releasing hormone agonist could cross the placenta to the fetus, 
each pregnant rhesus monkey (110 to 155 days’ gestation, n = 10) and her in utero fetus had indwelling 
cannulas placed in the femoral veins. Gonadotropin-releasing hormone agonist (1000 pg intravenously) 
was injected into the mother {n = 8) or fetus {n = 2); serial blood samples were collected from mother 
and fetus for luteinizing hormone and follicle-stimulating hormone determination. None of the mothers 
responded to the gonadotropin-releasing harmone agonist bolus. In contrast, some of the fetal monkeys 
receiving gonadotropin-releasing hormone agonist via placental transfer and all fetal monkeys injected 
directly with the agonist responded as indicated by increased luteinizing hormone (2.8- to 12.3-fold) and 
follicle-stimulating hormone (1.5- to 8.9-fold) concentrations. In evaluating maternal and fetal effects, we 
found that continuous maternal infusion with either gonadotropin-releasing hormone agonist (n = 14) or 
saline solution (n = 11) throughout pregnancy did not alter maternal hormonal profiles. Histologically, 
gonads from their infants, removed within 3 days post partum, were normal. Although neonatal ovarian 
weights were unaffected by the in utero treatment, the testes weighed less (p < 0.05) in male infants born 
of mothers treated with gonadotropin-releasing hormone agonist compared to controls. Thus 
gonadotropin-releasing hormone agonist can cross from maternal to fetal circulation, and the fetus can 
respond (at least during the third trimester). {Am J Ossret GynecoL 1987;156:755-60.) 


Key words: Gonadotropin-releasing hormone agonist, pregnancy, primates, gonadal 


development, gonadotropic hormones 


Pulsatile administration of native gonadotropin-re- 
leasing hormone (GnRH) or other regimens for its 
agonistic analogs are being used increasingly in endo- 
crine therapeutics.’:? Chronic treatment of experimen- 
tal animals or humans with native GnRH or its synthetic 
agonistic analogs leads to decreased pituitary secretory 
responses and gonadal suppression in both male and 
female subjects.’ Thus long-acting GnRH agonists 
are being evaluated for multiple medical indications, 
including prostatic cancer, endometriosis, contracep- 
tion in women, uterine myeloma, breast cancer, and 
ovulation induction. 

As with any medical agent, there is always a risk of 
pregnancy occurring during therapy in women of re- 
productive age. It is noteworthy that administration of 
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GnRH or its agonistic analogs may initially evoke in- 
creases in luteinizing hormone and follicle-stimulat- 
ing hormone secretion in adults, followed by down- 
regulation of the gonadotropes leading to a reduction 
of the total concentrations of follicle-stimulating hor- 
mone and luteinizing hormone." If GnRH agonists pass 
easily from maternal circulation through the placenta 
to the fetus, there is concern about potential effects on 
fetal development, especially the gonadal and sex organ 
formative processes. 

Studies using primates have shown that ablation of 
the fetal hypophysis leads to disorganized oogenesis 
and degeneration of an increased percentage of germ 
cells in the female neonate and a reduction in infant 
testes weights, percentage of Leydig cells, and sper- 
matogonia per testis in infant primate males.®” In anen- 
cephalic human fetuses surviving until term, hypoplasia ` 
of the ovaries and failure of normal progression of 
follicular maturation occurs.® Since these fetuses have 
less gonadotropin secretion resulting from a deficiency 
of pituitary function, it is thought that hypoplastic ova- 
ries in neonates can result from lack of adequate go- 
nadotropic stimulation during intrauterine life. Thus 
inadequate gonadotropic stimulation resulting from 
disease or surgery or brought about by drugs trans- 
ferred across the placenta may disrupt normal fetal 
gonadal development. 


TRE 
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Fig. 1. Hormonal profiles of luteinizing and follicle-stimulat- 
ing hormone secretion in a female and male fetus following 
an intravenous bolus injection of 1000 wg of a GnRH agonist 
(D-tryptophan®, proline’, GnRH). Note that the GnRH agonist 
elicits an increase in both gonadotropins within 30 minutes 
after injection. 


In the present study we examined (1) whether a 
GnRH agonist, administered to the primate mother, 
would affect maternal hormonal levels; (2) whether this 
agonist would cross the placenta and stimulate fetal 
pituitary secretion of follicle-stimulating hormone and 
luteinizing hormone; (3) whether fetal gonadal devel- 
opment is affected morphologically; (4) whether post- 
natal pituitary response to castration is affected. 


Material and methods 


Animals. Female rhesus monkeys (Macaca mulatta) 
were caged individually in a controlled environment 
(temperature, 75° to 80° C; humidity, 60% minimum; 
lights on from 5 AM to 5 PM). The monkeys were given 
water ad libitum, fed a commercial monkey chow twice 
daily, and maintained with use of standard husbandry 
practices. From days 11 to 14 of the menstrual cycle, 
the female monkeys cohabitated with male ones of 
proven fertility. Conception was confirmed by a urinary 
nonhuman primate pregnancy test for chorionic 
gonadotropin’ (provided by the Center for Population 
Résearch, National Institute of Child Health and Hu- 
man Development, Bethesda, Maryland) performed on 
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Fig. 2. Fetal gonadotropin response to maternal intravenous 
injection of 1000 ug of GnRH agonist. Baseline (mean + SEM) 
levels of luteinizing and fellicle-stimulating hormones are de- 
picted for all eight fetal monkeys, while the highest concen- 
trations of gonadotropins after GnRH agonist injection (apex) 
represent five fetal animals showing a response. These data 
indicate that GnRH agonist can traverse from maternal to fetal 
circulation via placental transfer. 


days 19 and 21 after mating and by palpation of the 
reproductive tract on day 35. 

Study I. Placental transfer of GnRH agonist. To 
determine whether a potent GnRH agonist (D-trypto- 
phan’, proline” Net—Iuteinizing-releasing factor—ethyl- 
amide; provided by the Contraceptive Development 
Branch, National Institute of Child Health and Human 
Development) would cross the placenta and whether 
the fetal pituitary could respond to the GnRH agonist, 
each pregnant monkey (110 to 155 days’ gestation, 
n = 10) and her in utero fetus was cannulated via the 
femoral vein after providing ketamine hydrochloride 
anesthesia (75 mg intramuscularly, Parke-Davis, Inc., 
Morris Plains, New Jersey). GnRH agonist (1000 wg in 
saline solution intravenously) was injected into the 
mother (n = 8) or fetus (n = 2). Blood (3.0 ml) was 
simultaneously collected from mother and fetus at 0, 
15, 30, 45, 60, 90, and 120 minutes. Erythrocytes in 
saline solution were returned to each fetal monkey after 
the hourly samples were collected. Sera were harvested 
and stored frozen (— 20° C) until radioimmunoassays 
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LR GnRH agonist 16 6 E KED was contin- 
dministered to pregnant rhesus monkeys via a 
I laneous: osmotic’ pump" (Model 2ML4; Alza 
‘po Palo Alto, Califor nia) starting either during the 
- first trimester (day 35 to term, n = 5) or third trimester 
(day 100 to term, n = 9). The osmotic pumps contained 
< a 30-day supply of the agonist and were replaced at 28- 
Ao day intervals. Control primates (n = 11) received saline 
ee solution (2.5 pl/hr). Maternal blood. samples were col- 
< lected every third day by venipuncture under ketamine 
irochloride anesthesia. Samples were frozen until 
yed for estradiol, progesterone, luteinizing hor- 
ne, and follicle- stimulating hormone concentration., 
ter spontaneous term delivery and within 3 days 
` post. partum, each infant monkey was weighed and an- 
thetized; its gonads were removed, weighed, fixed, 
serially sectioned, and stained with hematoxylin and 
osin as previously described.“ ? A blood sample was 
“obtained from each infant just before castration fol- 
© lowed by weekly samples until 3 months of age. Sera 
on en were analyzed for concentrations of luteinizing hor- 
mone and follicle-stimulating hormone as previously 
_described.'"' All samples from an individual monkey 
were analyzed in the same assay. 
‘Data were compared with use of a one-way analysis 
f variance to determine whether ovarian weights, testis 
k weights, and hormonal levels were different between 
infants born to saline solution—treated control monkeys 
ipared to mothers treated with GnRH agonist: Since 
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Fig. 4. Maternal hormonal pr ofiles (mean + SEM) of estradiol 
and progesterone secretion during pregnancy are unaltered 
from those of control primates, even when a GnRH agonist 
(6.6 pg/hr) is continuously administered during pregnancy via 
a subcutaneous osmotic pump. 


such data from monkeys beginning treatment during 
the first or third trimester of pregnancy were statisti- 
cally similar, the neonatal hormonal and gonadal data. | 
were combined and analyzed with respect to GnRH 
agonist treatment versus control. 


Results 

A bolus of GnRH agonist, when injected directly into 
the fetoplacental circulation in utero, elicited a prompt 
rise in fetal primate. gonadotropin concentrations 
(Fig. 1). Similarly, when the agonist was injected into 
the maternal circulation, five of eight fetuses responded 
with a significant elevation of serum luteinizing hor- 
mone (p < 0.01) and a less dramatic rise in follicle- 
stimulating hormone concentration (Fig. 2). The re- 
maining three fetal monkeys (>155 days of gestation) 
maintained gonadotropin values at the baseline. Thus 
placental transfer of the agonist | did occur as judged 
by a rise in fetal gonadotropin. levels j in. feroplacental 
circulation. In contrast, none of. the primate not 
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ing administration of this bolus. of GnRI 
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Fig. 5. Representative histologic sections of testis from a control infant (A) and a neonate whose 
mother was continuously treated during pregnancy with a GnRH agonist (B) are structurally similar. 
Sections of ovary from a control infant (C) and female neonate whose mother had received 6.6 wg/ 
hr of GnRH agonist during pregnancy (D) are indistingutshable from each other. 


one, luteinizing hormone, and follicle-stimulating hor- 
mone secretion were similar, irrespective of whether 
saline solution or GnRH agonist had been continuously 
administered throughout pregnancy (Fig. 4). The 
mothers treated with GnRH agonist maintained viable 
pregnancies (162.7 + 1.9 days’ gestation) and sponta- 
neously delivered mature infants near normal term.” 

At the time of delivery the genitalia of infants born 
from mothers treated continuously from either the first 
or third trimester with the GnRH agonist were normal 
in appearance. Histologically the gonads from treated 
and control neonates were indistinguishable (Fig. 5). 
However, testis weights were lighter (p < 0.05) in both 
groups of male infants treated with GnRH agonist, ir- 
respective of whether treatment had started during the 
first or third trimester of pregnancy compared to con- 
trols (Table I). The differences in testis weight were 
not associated with differences in infant body weight 
(control vs. GnRH-treated male infants: 375 + 30 gm 
vs. 415 + 17 gm, respectively) or to significant differ- 
ences in circulating gonadotropins (Table I), as mea- 
sured within 3 days after birth. In contrast, neonatal 


ovarian weights were unaffected by the in utero infu- 
sion of the GnRH agonist. Luteinizing hormone and 
follicle-stimulating hormone concentrations were sim- 
Har (p > 0.05) at the time of birth, irrespective of 
whether each female infants’ mother received saline 
solution or GnRH agonist during pregnancy. 

After castration, all treated and control infant mon- 
keys responded to castration, manifesting steadily ris- 
ing gonadotropin levels. By 5 weeks of age, gonado- 
tropin values had risen from <15 ng/ml for luteinizing 
hormone and 2.3 + 0.2 pg/ml for follicle-stimulating 
hormone in both male and female control infants to 
levels of 71.1 + 24.8 ng/ml of luteinizing hormone and 
24.1 + 3.4 ug/ml of follicle-stimulating hormone. Sim- 
ilarly, castrate male and female infants born of mothers 
treated with GnRH agonist showed a progressive in- 
crease in luteinizing hormone (17.3 + 2.1 to 115.7 + 
17.6 ng/ml) and follicle-stimulating hormone (4.3 + 
1.2 to >27 ug/ml) by 5 weeks of age (p < 0.05). Thus 
response of the pituitary to postnatal castration was not 
modified by in utero exposure to continuous GnRH 
agonist infusion. 
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Table I. Gonadal weights and hormonal values in newborn monkeys 


Female 
Control 7 
GnRH agonist—treated 4 

Male 
Control 
GnRH agonist—treated 


mM A 
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Luteinizing hormone 


= (ng/ml) 


<15 


2.1 + 0.2 

6.1 + 4.0 207 ED 
2.8 <15 
3.3: 0.5 15.4 + 0.5 





*p < 0.05. 


Comment | 

In this study we demonstrate that a GnRH agonist 
crosses from maternal to fetal circulation, often eliciting 
an increased pituitary-gonadotropin response from the 
in utero monkey as measured during the third trimes- 
ter. That the luteinizing hormone response is of fetal 
rather than placental origin is plausible, since monkey 
chorionic gonadotropin is not detectable in serum, 
urine, or placental extracts beyond day 40 of pregnancy 
in the rhesus monkey," there was a concomitant rise in 
fetal follicle-stimulating hormone after GnRH agonist 
injection, and there was no gonadotropin rise observed 
in maternal circulation. The findings of a fetal response 
to the GnRH agonist are consistent with our earlier 
preliminary data which showed that peptide hormones 
of 10 or 12 amino acids, such as native GnRH, could 
readily cross the placenta.’ We are not surprised that 
three of eight in utero fetal primates did not respond 
to the maternal injection of GnRH agonist. Decreased 
placental blood flow caused by manipulation of the 
uterus and fetus during sample collection may have 
been a contributing factor. More important, however, 
may be the influence of gestational age. It is known 
that the responsiveness of fetal monkeys to in utero 
GnRH injections declines from day 100 to 160 of ges- 
tation.'® Notice that all three unresponsive fetal mon- 
keys in our study were of >155 days’ gestation, whereas 
the five responders were less advanced. 

Neither a bolus of GnRH agonist administered to 
the mother nor continuous GnRH agonist infusion 
throughout pregnancy altered maternal hormonal pro- 
files. Other investigators have reported that both the 
human and monkey pituitary are unresponsive to acute 
GnRH stimulation during pregnancy.’* © Elevated 
levels of steroid hormones (such as estradiol and pro- 
gesterone) have been implicated in the refractoriness 
of the hypophysis to GnRH and its agonists during 
pregnancy. Although there have been reports that 
GnRH may induce increased secretion of chorionic go- 
nadotropin from the placenta in the human, that mech- 
anism is not well fitted to our observations in the rhesus 
monkey. 

Since the maternal hormonal levels monitored dur- 


ing pregnancy were unaffected by continuous admin- 
istration of the GnRH agonist, we postulate that any 
effect on the fetus may be due to changes in fetal phys- 
iology rather than to an altered maternal hormonal 
milieu. The cause of the reduction in testis weights of 
treated infants in this study is unknown. There were 
no concomitant reductions in infant body weight or a 
significant alteration in the architecture of the neonatal 
testis. Thus the effects of the GnRH agonist were not 
like those observed after surgical fetal hypophysectomy, 
in which the percentage of Leydig cells and sperma- 
togonia per testis was reduced.*” Histologically the go- 
nads of male infants exposed to GnRH agonist 
throughout gestation did not seem adversely affected. 

The ovarian weights of female infants were unaf- 
fected by the GnRH agonist regimen. This finding 
should be contrasted with effects of fetal hypophysec- 
tomy during gestation which significantly reduced 
ovarian weight and gerr cell number,® not unlike the 
results reported in.male infants.’ Although in utero 
exposure to the GnRH agonist was begun in some an- 
imals before completion of internal and external go- 
nadal differentiation," the genitalia of male and female 
infants were both normal. Pituitary response to castra- 
tion in both male and female infants was in accordance 
with earlier results; soon gonadotropin concentrations 
in castrate infant monkeys approached levels seen in 
castrate adult females.” Infants born of control moth- 
ers responded to castration in a similar fashion. 

In conclusion, we have demonstrated that a long- 
acting GnRH agonist can easily cross from maternal 
circulation to the fetoplacenital compartment in which 
the fetal pituitary responded (follicle-stimulating hor- 
mone/luteinizing hormone) to the agonist during the 
third triméster of pregnancy. Meanwhile, hormonal 
levels in the primate mother were unaffected. Despite 
a slight suppression of testicular weight at term, this 
GnRH agonist did not prevent virilization of males or 
induce ambiguous genitalia among female monkeys al- 
though administration in some monkeys was begun be- 
fore internal and external gonadal differentiation was 
complete. Although we cannot comment on the poten- 
tial teratogenic effects of GnRH agonist administration 
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before day 35 of pregnancy, we conclude that fetal 
in utero exposure after day 35 has little effect on overt 
gonadal development. However, longer-term follow- -up 
studies are required to extend the level of safety sug- 
gested here, ultimately includirig demonstration of nor- 
mal pubertal development and adult fertility. 


We wish to thank the former members of the. Preg- 
nancy Research Branch, National Institutes of Health, 
for their helpful discussions and technical assistance. 
In addition, we are grateful to Dr. G. Bialy for provid- 
ing the GnRH agonist used in this study, to the National 
Hormone and Pituitary. TERR for monkey follicle- 
stimulating hormone and luteinizing hormone kits, to 
Dr. W. Wiser, and to the faculty and staff of the De- 
partment of Obstetrics and Gynecology, University of 
Mississippi, for their research support. 
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CORRESPONDENCE 





Milleriosis instead of endometriosis 


To the Editors: 

Sanfilippo et al. (Am J OBSTET GYNECOL 1986;154: 
39-43) present a case report of alleged endometriosis 
associated with miillerian anomaly. It is unclear from 
the diagram in their Fig. 1 how menstrual blood could 
escape from the fallopian tube into the abdominal cav- 
ity if the patient had a hematosalpinx on the right side. 
The foci of endometriosis were not sampled before or 
after their surgical treatment, so we do not know 
whether or not they really represented endometriosis. 
It is also unclear how they come to the conclusion that 
this was stage IV endometriosis, since higher stages of 
the American Fertility Society Classification require ex- 
tensive adhesions, which were not shown in Fig. 1. It 
is unusual that they present two additional cases of 
millerian anomaly, also without any objective proof 
that endometriosis was present. It will serve only to 
further confuse the literature on this important disease 
to let these loose clinical observations go unchallenged 
into the literature. 

It is interesting to note that the relationship that the 
authors tried to develop between müllerian anomalies 
and supposed reflux menstruation and implantation of 
endometriosis has a parallel etiology that is possible. 
This and all previous reports describing this presumed 
association are equally strong arguments for “miille- 
riosis.” Miilleriosis refers to a developmental defect of 
differentiation or migration of the miillerian duct sys- 
tem during embryology, with the resultant findings of 
displaced miillerian tissue in the adult manifested as 
endometriosis, endocervicosis, accessory fimbria, hy- 
datids of the tube, cervical stenosis, as well as fusion 
defects of the uterus, cervix, or vagina. Endometriosis 
just happens to be the most common of these birth 
defects. Until this etiologic possibility is realized, we will 
continue to see articles jousting with the windmill of 
reflux menstruation. 

David B. Redwine, M.D. 
Mountain View Women’s Clinic, P. C. 
2381 N. E. Connors Avenue 
Bend, Oregon 97701 


Reply 
To the Editors: 

We are sorry that our diagram was unclear. There 
was significant intraperitoneal bloody effluent from the 
hematosalpinx. It is this effluent that we propose as 
being the source of the endometriosis. 

The disease is described as having “deep ovarian in- 
volvement, partial obliteration of the cul-de-sac, and 
two-thirds enclosure of the ovary with dense and filmy 
adhesions.” This scores 44 points (severe) on the Amer- 
ican Fertility Society classification of endometriosis. Al- 
though biopsy evidence was not available in each case, 


it was available in case 2. There has been an additional 
case since publication of the original article in which 
biopsy evidence of endometriosis has also been es- 
tablished. 

We appreciate Redwine’s alternate explanation for 
our findings. His explanation, however, fails to address 
the two major points of our paper: (1) Spontaneous 
regression of the endometriosis occurred after elimi- 
nation of the obstruction to menstrual flow in these 
patients. (2) Since spontaneous regression obviously 
does not occur in most patients with endometriosis, the 
entity we described after menstrual obstruction either 
is different from classic endometriosis or indicates that 
a permissive factor (such as immune incompetence) 
must work in concert with the reflux to present phago- 
cytosis of the debris in most cases. 

joseph Sanfilippo, M.D. 
Department of Obstetrics and Gynecology 
University of Louisville 
550 S. Jackson Street 
Louisville, Kentucky 40292 


Nurse-midwifery care and improved outcomes 


To the Editors: 

In their article entitled “The perinatal and economic 
impact of prenatal care in a low socioeconomic popu- 
lation” (AM J OBSTET GYNECOL 1985;154:1), Moore 
et al. suggest three possible causes for the low pre- 
maturity rate (2% vs. 8%) in the Comprehensive Peri- 
natal Program. We would like to postulate another pos- 
sibility that was not considered in this article, that factor 
being the effect of nurse-midwifery care on improving 
outcomes. 

Nurse-midwives have a long history of effecting im- 
proved perinatal outcomes.'® The nurse-midwives of 
the Frontier Nursing Service provided care to poor, 
rural women in Kentucky. Most of the women who were 
delivered in their homes had limited resources. The 
Frontier Nursing Service had a maternal mortality of 
1.2/1000 of 8596 births from 1925 to 1951. National 
maternal mortality rates were 6.73/1000 in 1931 and 
3.76/1000 in 1940.’ 

Levy, Wilkinson, and Marin’ ina 1971 study reported 
the impact of a nurse-midwifery program in Madera 
County, California.’ During the program the prema- 
turity rate was reduced from 11/1000 to 6.6/1000, 
which later rose to 9.8/1000 after discontinuance of the 
program. Neonatal mortality rose from 10.3/1000 dur- 
ing the program to 32.1/1000 after the program was 
discontinued. The authors related these significant 
changes to the type and quality of maternal/infant care 
provided by the nurse-midwives. During the program 
more prenatal care was given more frequently to a 
larger proportion of expectant women, and more 
women returned for their 6-week postpartum exami- 
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nations. There was a complete reversal of these trends 
after the program was discontinued.* ‘ 

In a 1985 study of nurse-midwifery management of 
adolescent pregnancy (with obstetrician consultation 
readily available) Piechnik and Corbett’ reported a 50% 
decrease in low birth weight among adolescents under 
age 15, compared to the control group of adolescents 
cared for by state-supported maternal and child care 
clinics. This low birth weight rate of the nurse-mid- 
wifery group of all adolescents was 28% lower than the 
control group. 

In 1981 Lehrman’ reported that the average length 
of time of a prenatal visit with a nurse-midwife was 23.7 
minutes, with a significant amount of the time spent 
on teaching and counseling during the visit. In the 1975 
study by the National Ambulatory Medical Care Survey 
of office-based physicians, it was found that most pre- 
natal visits were 10 minutes, with 32% of the visits no 
longer than 5 minutes and the visits including little 
counseling.’ Additionally, Slome et al.* reported in- 
creased patient compliance in a randomized clinical 
trial of nurse-midwifery care compared to university 
house staff care. 

The Institute of Medicine’s 1985 report of the Com- 
mittee to Study the Prevention of Low Birth Weight 
concluded that more reliance should be placed on 
nurse-midwives to provide prenatal care to groups at 
high risk for low birth weight. They also reported that 
important components of nurse-midwifery care that 
may prevent low birth weight include increased patient 
education and counseling, increased patient compli- 
ance with treatment plan and prenatal visits, and in- 
creased access to care. The benefit of these low cost 
interventions cannot be minimized in preventing low 
birth weight.® 

Barbara L. McFerlin, C.N.M., M.S. 
Suzanne Trupin, M.D. 
Department of Obstetrics and Gynecology 
University of Illinots College of Medicine at 

Urbana-Champaign 
301 E. Springfield 
Champaign, Illinois 61820 
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Reply 
To the Editors: 

We appreciate the comments of McFarlin and Trupin 
regarding our article. Nurse-midwifery has certainly 
had a positive and admirable impact on prenatal care 
and obstetric outcome in this and other countries. 

However, our study explored only the impact of pre- 
natal care, or its absence, on pregnancy outcome. On 
careful reading it should be apparent that no conclu- 
sions whatsoever can be drawn with respect to what 
type of health professional provided the care. 

Thomas R. Moore, M.D. 
William Origel, M.D. 
Thomas C. Key, M.D. 
Robert Resnik, M.D. 
Departmeni of Reproductive Medicine 
University of California, San Diego Medical Center H-813 
225 Dickinson Street 
San Diego, California 92103 


Sonographic sign for Down syndrome 


To the Editors: 

A sonographic sign consisting of increased skin or 
soft tissue thickening at the back of the fetal neck dur- 
ing the second trimester was recently described as being 
highly specific for Down syndrome with no false pos- 
itive findings (AM J] OBSTET GYNECOL 1985; 153:49-52). 
This finding could be very interesting, since it would 
allow a screening for all patients not undergoing cho- 
rionic biopsy or amniocentesis without arousing un- 
useful concern. 

However, a note of caution should be employed in- 
terpreting this sign, since, at least in the third trimester, 
this nding does not appear to be specific for Down 
syndrome. In fact, we report two cases in which 
this sonographic sign did not correspond with Down 
syndrome. 

The first case was a 37-week-old fetus affected by 
multiple malformations including a heart defect. This 
pregnancy ended in a stillbirth 2 weeks later, and a 
hydropic fetus was delivered. 

The second case was a normal fetus at 38 weeks’ 
gestation with a deflexed attitude, characterized by a 
thick nuchal skinfold, which was noted also in its legs 
when scanned tangentially. In each case the fetus 
showed this sonographic sign both in a sagittal and in 
a transverse scanning. 
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Furthermore, in transverse scannings abundant fetal 
hair may mimic this sign. Further studies are needed, 
at least in the third trimester, to define strict criteria 
for this promising sonographic sign. 

Francesco Giacomello, M.D. 
Department of Obstetrics and Gynecology 
II University of Rome 
Policlinico Umberto I 
00161 Reme, Italy 


Reply 
To the Editors: 

We appreciate very much the interest of Dr. Giaco- 
mello in our sonographic sign of increased skin or soft 
tissue thickening at the back of the fetal neck during 
the second trimester as a specific sign for Down’s syn- 
drome. Giacomello, however, reports two cases late in 
the third trimester in which this sonographic sign did 
not correspond with Down’s syndrome. Our series only 
addresses fetuses in the second trimester between 15 
and 20 weeks, and we have not looked at the accuracy 
of this diagnostic sign any later than 24 weeks. 

We are in agreement that fetuses of the third trimes- 
ter in a deflexed attitude can have a thickened nuchal 
fold at the back of the neck resulting from position, 
and this can certainly be a pitfall in looking at the fetal 
neck in the third trimester. Fetal hair can also be con- 
fusing, although more easily recognized as being sep- 
arate from actual soft tissues. 

Looking for the sonographic sign which we have de- 
scribed to be specific for Down’s syndrome must be 
done cautiously, and to date, our findings only apply 
to fetuses of the second trimester, since our series only 
included second-trimester fetuses. We have not studied 
this sign or its specificity and sensitivity in third-trimes- 
ter fetuses. Further studies are indeed needed for this 
purpose in order to define strict criteria for this sign 
outside of the second trimester. 

Beryl Benacerraf, M.D. 
Diagnostic Ultrasound Associates 
333 Longwood Avenue 
Boston, Massachusetts 02115 


Abdominal pelvic pain syndrome: Fact or fiction 


To the Editors: 

We read with interest the article by Slocumb on the 
abdominal pelvic pain syndrome (Am J OsBsTET Gy- 
NECOL 1984;149:536) and the subsequent correspon- 
dence by Dhont et al. (1985;151:701-2). 

Our recently published study' of pelvic venography 
in women with chronic pelvic pain without obvious or- 
ganic cause shows beyond doubt that pelvic varicosities 
are present in the majority of these women. A veno- 
gram score of 5 or more clearly distinguishes women 
with pelvic pain syndrome from those who have an 
“organic” cause or have no pelvic pain (diagnostic sen- 
sitivity, 91%, and specificity, 89%). Abdominal pressure 
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over the “ovarian point” commonly reproduces the 
pain complained of, especially on the right side. Our 
pelvic venography studies suggest that pressure over 
the ovarian point occludes the ovarian vein, and we 
have postulated that the resultant pain is due to the 
back pressure on the hilum of the ovary. We consider 
that pelvic pain has an organic as well as a psychological 
component and that the “fact or fiction” part of the 
title of Slocumb’s article is no longer a valid question. 

The treatment of this condition ts not so clear. All 
pain must have a neurophystological component, but 
we find it difficult to accept that abdominal trigger 
points exist in women with the pelvic pain syndrome 
which can be anesthetized to provide long-term cure 
of the pain. It should be noted that Slocumb’s study is 
uncontrolled. There is no placebo and no controls with- 
out treatment, in the design, and hence conclusions 
about the efficacy of trigger-point anesthesia in this 
group of patients must be limited. The presence of 
pelvic varicosities and the predominance of the ovary 
as the site of the pain along with the history of long- 
standing emotional disturbance tend to support Tay- 
lor’s concept of pelvic congestion as the somatic com- 
ponent of a psychosomatic disorder. 

There can be no doubt of the very real need to es- 
tablish an effective and easily applied therapy for this 
disabling condition. In view of the complex nature of 
pain experience, it is likely that an effective treatment 
will only be achieved when a better understanding of 
the etiology of pelvic varicosities and psychological fac- 
tors in pelvic pain has been acquired. 


R. W. Beard 
P. W. Reginald 
Department of Obstetrics and Gynaecology 
St. Mary’s Hospital Medical School 
London W2, England 
S. Pearce 


Psychology Department 
University College, London 
London WC1, England 
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Reply 
To the Editors: 

The letter by Beard, Reginald, and Pearce concern- 
ing their study on pelvic pain and varicosities' and opin- 
ions about trigger point abdominal wall pain? warrants 
an emphatic response. The authors have described the 
same observed painful tissues that are noted in the 
paper on trigger points, but they have not made an 
effort to reproduce that pain documenting the tissue 
of origin of the pain. The so-called “ovarian points” 
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are identical to the ileohypogastric tissues described by 
many but have nothing to do with the underlying 
ovaries." | 

If the authors were to perform the abdominal wall 
test by elevating the patient’s legs to tense the rectus 
muscles, they would see that the pain exists in the wall 
above the rectus. If they were to explore slowly the 
ovarian point in the abdominal wall fat with a No. 22 
needle, they would reproduce the same pain; if they 
were interested in helping the patient with her pain, 
they could infiltrate the pain point with 3 cc of y4% 
bupivacaine to block the painful tissue. 

What other observations have we seen which suggest 
that ovaries are not the main source of this pain? (1) 
The same pain is found in women with and without 
the ovaries, broad ligaments, and/or uterus.‘ (2) Gentle 
pressure over the abdomen with one finger is all that 
is needed to reproduce the pain without any deep 
compression to the vessels. (3) The same pain is present 
with or without varicies of the ovaries.’ 

I cannot comment on the author’s observations about 
altered blood flow to the pelvis other than to say that 
pain alters sympathetic return with resultant vasodi- 
latation in the same dermatome. OF note is the fact that 
their observations have no clinical value at this time in 
terms of altering the pain. 

In conclusion, I cannot stress enough the importance 
of a few simple modifications of the physical exami- 
nation in evaluation of pelvic pain. The fincing of the 
abdominal wall component is crucial in avoidance of 
unnecessary procedures if not in treating the pain itself. 

Jonn C. Slocumb, M.D. 
Department of Obstetrics and Gynecology 
University of New Mexico School of Medicine 
2211 Lomas Boulevard, N.E. 
Albuquerque, New Mexico 87131 
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Use of midforceps and associated risk 


To the Editors: 

The latest item to fuel the debate over the use of 
midforceps and its associated risk is the article by Dier- 
ker et al. (AM J OBSTET GYNECOL 1986;154:764-8), 
which offers little comfort to protagonists. Although 
the authors deserve praise for their temperec recom- 
mendations against a return to difficult midforceps 
procedures, the paper may have a contrary effect on 
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clinical practices. The fact that the major neurological 
sequelae were just as bad after midforceps use as after 
cesarean section will be interpreted by readers to in- 
dicate that midforceps delivery is safe despite the au- 
thors’ disclaimer to the contrary. The report deals with 
infrequently done midforceps operations (0.8% over 
6% years) limited nearly exclusively to relatively “easy” 
procedures carried out under careful supervision after 
appropriate consideration of indications (and contrain- 
dications, no doubt) in highly selected circumstances, 
conditions not likely to be capable of duplication in very 
many communities. It is dubious in fact that the 
model—or its results—could be translated into prac- 
tical reality at large. 

Several points deserve special comment. First, nearly 
38% of the index cases were lost to follow-up. Given 
this large proportion, some attempt should be made to 
ascertain the degree of bias this may have introduced. 
Pollsters now recognize that nonrespondents can no 
longer be ignored because the reason they do not co- 
operate may be related to the very issue under study. 
Many of the cases lost to follow-up here may therefore 
be those who did not turn out well. Clearly, if the lost 
group did contain a substantially greater frequency of 
the more seriously affected children, the validity of the 
findings would be open to question. Although the pair- 
ing design used for the study helps overcome some of 
this effect, it nonetheless deserves to be addressed. Sec- 
ond, the matching process did not include the delivery 
year. Because case finding extended over >6 years, it 
might have been prudent to consider that subtle (or 
perhaps overt) changes in obstetric and pediatric care 
practices during this interval needed to be taken into 
account. This turned out to be an unexpectedly im- 
portant confounding factor, for example, in one of our 
studies of the impact of fetal heart rate monitoring.’ 
Third, the time factor may also have had a further 
influence on the outcome findings, especially if the 
mean follow-up duration was shorter for the midfor- 
ceps offspring than for those delivered by cesarean 
section. The earlier the date of the delivery, the longer 
the opportunity for follow-up and the greater the prob- 
ability of loss to follow-up. Furthermore, the longer the 
follow-up, the greater the likelihood of uncovering ad- 
verse effects. Fourth, major labor disorders were col- 
lapsed under the term “dystocia” (by which we assume 
the authors intended to convey the concept of ob- 
structed labor). Since only about half such cases are 
related to documentable cephalopelvic disproportion, 
it is a matter of chance that midforceps and cesarean 
section cases will be properly matched for this factor. 
In addition, it was likely for the more obviously dis- 
proportionate cases to be delivered by section, thereby 
further diminishing their comparability. Dystocia in the 
midforceps group was also far more likely to be asso- 
ciated with arrest of descent, whereas cesarean sections, 
except those undertaken in the second stage, were done 
more often in conjunction with protracted or arrested 
dilatation. Fifth, the same criticism probably applies to 
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matching for fetal distress. The criteria used to define 
it are not given in the paper. Moreover, the criteria 
have varied over the past decade, they are still not uni- 
formly defined or accepted, and the diagnosis is asso- 
ciated with a high frequency of false positives. Reliable 
matching can thus be challenged. Sixth, no neurolog- 
ical, psychological, or intelligence testing or formal ex- 
aminations were actually done for purposes of acquir- 
ing uniform and reliable information for this report, 
which is based instead on chart reviews and interviews. 
Gross deficits can probably be detected in this way, but 
subtle disorders are easy to miss. The more subtle def- 
icits in speech, language, hearing, abstract and cogni- 
tive thinking, behavior, and so-called neurological soft 
signs are more common, more difficult to detect ob- 
jectively, and take a longer follow-up time to assess 
adequately or to disclose definitively. 

Finally, the results can just as logically be interpreted 
rather differently: Serious obstructive or hypoxic labor 
problems were shown to impact adversely on the fetus 
regardless of the mode of delivery, perhaps related to 
delays in detection, evaluation, and expeditious inter- 
ventive management, and whatever additional delete- 
rious effect the delivery may have had was not large 
enough to be detected by this investigative approach. 
This conclusion is analogous to the Scottish legal verdict 
of “not proved” and carries a very different meaning 
from that given by Dierker et al. who went too far 
(without objective justification, we believe) when they 
wrote “selected midforceps procedures may be per- 
formed with no greater risk of abnormal outcome than 
that associated with cesarean section,” the equivalent to 
a “not guilty” verdict. Not proving harm is patently not 
the same as proving no harm. We would therefore ad- 
monish obstetricians to avoid the temptation of mis- 
interpreting the results of this study as giving them 
license to turn back the clock. 

Emanuel A. Friedman, M.D., Sc.D. 
David B. Acker, M.D. 
Department of Obstetrics and Gynecology 
Harvard Medical School 
Beth Israel Hospitat 
330 Brookline Avenue 
Boston, Massachusetts 02215 
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Reply 
To the Editors: 

We are pleased with Friedman and Acker’s interest 
in our paper and appreciate the opportunity to respond 
to their comments. As noted by Friedman, nearly 38% 
of the index cases were lost to follow-up. Attempts were 
made to locate the family when the child’s chart could 
not be located. The inability to locate the family there- 
fore would not imply poor outcome for those who could 
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not be located. Data were obtained for all subjects who 
were located. We do not anticipate significant bias, since 
the family could not be located. The situation would 
clearly be different if the subjects were adults without 
dependent family ties. The paired design was meant to 
minimize this effect. 

The match for the midforceps group included birth 
weight within 200 gm, gestational age within 2 weeks, 
sex, race, dystocia (arrest or protraction), as well as fetal 
heart monitoring suggesting fetal distress. The match 
was made for the best subsequent match delivered by 
cesarean section. The follow-up for the midforceps 
group was therefore longer, allowing more time to un- 
cover abnormalities. In addition, more current tech- 
nology would have been available for the cesarean sec- 
tion group delivered later. These factors would tend to 
bias in favor of the cesarean group. 

Friedman criticized the combination of labor disor- 
ders under the term “dystocia.” Dystocia in our paper 
referred to arrest and protraction disorders of active 
and second-stage labors. The disorders were grouped, 
since his study (1) showed no difference between arrest 
or protraction disorders and intelligence quota scores— 
they were diminished equally. It may well be that the 
cesarean group contained a greater degree of cepha- 
lopelvic disproportion than the midforceps groups, but 
attempting to match for the degree of disproportion is 
not currently feasible. 

As noted by Friedman, the fetal distress match was 
not identical. The criterion used for matching was a 
fetal heart rate pattern that pushed the clinician to act 
because of concern for fetal well-being. These patterns 
included late decelerations, severe variable decelera- 
tions, and bradycardias. Individual patterns and degree 
of severity, confirmed by scalp pH would have been 
ideal, but were not possible. The patterns were of suf- 
ficient concern to precipitate obstetrical intervention by 
either midforceps or cesarean section. 

The criticism that individual formal testing was not 
prospectively applied was fully appreciated and men- 
tioned in our paper. Pediatric clinic and office visits 
included developmental assessment of the child as an 
integral part of the visit. The history is designed to 
detect developmental delays and speech difficulties as 
well as health status. When abnormalities were sus- 
pected from this evaluation, children were referred for 
specialized analysis. The abnormalities noted in our 
paper were confirmed abnormalities. 

Finally, in the last three paragraphs of the discussion 
we stated that one could not conclude the midforceps 
were safe. Our study was based on relatively. “easy” 
midforceps usually from the +2 station or lower. Mid- 
forceps were not used strictly for training purposes, 
and continued fetal observation was encouraged. Ce- 
sarean section under those conditions was not associ- 
ated with improved outcome. This is a far cry from 
recommending a return to difficult midforceps pro- 
cedures, which we specifically note in the final para- 
graph of our paper. 
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Finally, we would note, as have Friedman et al.' and 
other authors in similar reports, that many questions 
regarding midforceps cannot be answered without ran- 
domized prospective studies, which are not likely to be 
conducted today. However, our study compared mid- 
forceps management with matched cesarean section pa- 
tients, a comparison that Friedman could not do with 
their data. Our report suggests that altering birth route 
did not alter outcome. Perhaps the only way to avoid 
poor outcome associated with dystocia is to avoid dys- 
tocia. 

LeRoy J. Dierker, Jr., M.D. 
Cleveland Metropolitan General Hospital 
Case Western Reserve University 
Cleveland, Ohio 44109 

Mortimer G. Rosen, M.D. 

Columbia University 
Columbia-Presbyterian Medical Center 
New York, New York 10032 
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Kell sensitization in pregnancy 


To the Editors: 

I am concerned by the implications and recommen- 
dations from the article by Caine and Mueller-Heubach 
on Kell sensitization in pregnancy (AM J OBSTET Gy- 
NECOL 1986; 154:85-90). 

The recommendation is that when the maternal anti- 
Kell titer is <1:32 (Coombs technique) good care re- 
quires only monthly anti-Kell titers starting at 23 weeks. 
Nothing could be further from the facts. In our own 
experience and the experience of several others, fetal 
hydrops and death have been seen with titers <1:32. 

The implication that titer levels from one laboratory 
can be compared to titer levels from another and have 
the same clinical implications reflects a lack of under- 
standing of the concept of the “critical titer” level. Clar- 
ification is needed to prevent mismanagement. 

Fredric D. Frigoletio, jr., M.D. 
Harvard Medical Scheol 
Maternal-Fetal Medicine 
Brigham and Women’s Hospital 
75 Francis Street 
Boston, Massachusetts 02115 


Reply 
To the Editors: 

We appreciate the comments of Dr. Frigoletto re- 
garding our paper on Kell sensitization in pregnancy. 
Our paper describes our experience with Kell sensitized 
pregnancies in which maternal anti-Kell titers <1:32 
were not associated with significant adverse neonatal 


March 1987 
Am J Obstet Gynecol 


outcome. This is based on the large-scale experience of 
our laboratory with use of a standardized laboratory 
procedure for antibody titer determination. The great 
variation from one laboratory to another in titer de- 
terminations is well known. Therefore we never rely 
on antibody titers from other institutions when patients 
are referred to us but repeat these titers in our own 
laboratory. It is of interest that Dr. Frigoletto has seen 
fetal hydrops with a titer of 1:32 secondary to Kell 
sensitization. This value would have prompted us to do 
the full investigation outlined in our paper. Recently a 
case of fetal hydrops with an anti-Kell titer of only 
1:4 has been reported.' In view of our very large series 
of Kell sensitized pregnancies with good outcome when 
the anti-Kell titer was <1:32 it appears unlikely that 
we were merely fortunate. It is more likely that differ- 
ences are due to the variation in antibody titer deter- 
minations between laboratories which are well known 
and have been emphasized again by Dr. Frigoletto in 
his letter. 
Mark E. Caine, M.D. 

Eberhard Mueller-Heubach, M.D. 
Department of Obstetrics and Gynecology 
University of Pittsburgh School of Medicine 
Magee-Womens Hospital 
Forbes and Halket Street 
Pittsburgh, Pennsylvania 15213 
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Selection of study patients with premature 
rupture of membranes 


To the Editors: 

We read with considerable interest the report of Mo- 
rales et al. (AM J OBSTET GYNECOL 1986;154:591-5) 
regarding the use of dexamethasone administration in 
the management of patients with preterm rupture of 
the membranes. This diagnosis constitutes a large seg- 
ment of our maternal-fetal transport population, and 
insight into management strategies that will improve 
the outcome for mothers and infants would be ex- 
tremely helpful. Unfortunately, the authors missed 
an opportunity to answer definitively the question 
of whether glucocorticoid administration is useful 
in the prevention of the respiratory distress syn- 
drome in patients who have premature rupture of the 
membranes. 

The authors state that they excluded patients in 
whom phosphatidylglycerol was present in the vaginal 
pool. Did all the included patients have vaginal pools 
assessed for the presence of phosphatidylglycerol? How 
was it measured? Phosphatidylglycerol assessed by Am- 
niostat was negative in >70% of patients at Denver 
General Hospital whose lecithin/sphingomyelin ratios 
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were >2. Indeed, even in the absence of phosphati- 
dylglycerol by any determination, the authors would 
have to agree that the risk of respiratory distress syn- 
drome is considerably different with an lecithin/sphin- 
gomyelin ratio of 0.8 to 1 as opposed to a ratio of 1.8 
to 1. Apparently, amniocenteses were not done in an 
effort to stratify treated and untreated patients by the 
degree of the immaturity of their lecithin/sphingo- 
myelin ratios. This is an absolutely critical determina- 
tion if one hopes to answer the question of the merits 
of glucocorticoids in patients with premature rupture 
of the membranes, since these patients represent a 


highly selected group of preterm gestations whose am- - 


niotic phospholipid status is significantly different from 
control values. 

Their own data from Table III reflects this important 
point. 

Among the 27 steroid-treated patients with a latency 
period of less than 24 hours, only 26% (seven patients) 
experienced respiratory distress syndrome as com- 
pared to 54% (35 patients) with a similar latent period 
and no steroid treatment. If enzyme induction of sur- 
factant production is the mechanism by which steroids 
influence the occurrence of respiratory distress syn- 
drome, certainly <24 hours is insufficient time to affect 
surfactant production; therefore this significant dimi- 
nution from control must be explained by another rea- 
son. As the latent period increased past the “critical” 
24- and 48-hour periods, no further reduction in re- 
spiratory distress svndrome is seen. This does not seem 
to us a biologically reasonable result. Rather, it is more 
easily explained by the inclusion in the steroid-treated 
group of some patients whose risk of respiratory dis- 
tress syndrome is low; for example, a lecithin/sphin- 
gomyelin ratio of 2.2 to 1 with no phosphatidylglycerol. 
Though one might argue that with sufficiently large 
groups, the prevalence rate of very low, moderately low, 
and nearly mature lecithin/sphingomyelin ratios would 
be evenly distributed, this remains to be shown. The 
only study that satisfactorily addresses this problem to 
date is that of Garite et al.’ in which all patients included 
had lecithin/sphingomyelin ratios of <2. As Morales 
et al. point out, that study showed no significant dif- 
ference in the incidences or severity of respiratory dis- 
tress syndrome in steroid or control groups. Even in 
that study, it would have been interesting to have 
patients stratified even further into very low leci- 
thin/sphingomyelin ratios versus nearly mature leci- 
thin/sphingomyelin ratios to note any differences as- 
sociated with steroid use. It may be that the subgroups 
would be too small to be of any statistical usefulness, 
though the very low lecithin/sphingomyelin ratio sub- 
group are the patients for whom steroid therapy may 
potentially have some merit. 

Even in the absence of infectious morbidity in the 
current study, it should be noted that tocolytic therapy 
was required in 44 patients, including two patients who 
had acute pulmonary edema. The mere absence of 
phosphatidylglycerol from a vaginal pool is unsatisfac- 
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tory information in our view to prolong a pregnancy 


: with tocolysis in the face of ruptured membranes in 
' order to administer steroids. Additional information 
` regarding the true risk of respiratory distress syn- 


drome in these infants as well as ruling out subclinical 
infection by amniocentesis is necessary to plan intelli- 
gently management strategies for these high-risk preg- 
nancies. 

Richard P. Porreco, M.D. 
Maternal-Fetal Medicine 
Reproductive Genetics 
St. Luke’s/Denver Children’s Hospital 
Perinatal Program 
Denver, Colorado 80203 

M. Shannon Burke, M.D. 
Maternal-Fetal Medicine 
Denver General Hospital 
Denver, Colorado 80204 
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Reply 
To the Editors: 

We appreciate the interest of Porreco and Burke in 
our work and thank them for their comments. 

Phosphatidylglycerol was determined from samples 
obtained from vaginal pool by thin-layer chromatog- 
raphy, although since 1985 it is being assessed by Am- 
niostat. This was generally determined in the more ma- 
ture preterm gestations of #32 weeks. While we do 
agree that the risk of respiratory distress syndrome is 
decreased by increased lecithin-sphingomyelin ratio, 
the preterm infant of <32 weeks is at risk of other 
serious complications such as intraventricular hemor- 
rhage and retinopathy of prematurity; although their 
incidences are increased by the severity of their respi- 
ratory distress, mild respiratory distress syndrome 
could still result in significant rates. Nonetheless, we 
are currently evaluating as a part of a study investi- 
gating other treatment modalities, data on the effects 
of dexamethasone on preterm pregnancies with dif- 
ferent lecithin-sphingomyelin ratios. In regard to the 
results of Table III, latency period in this study was 
defined (as noted in the text) as the time from rupture 
of membranes to the onset of labor, not to delivery. 
Although 27 patients in the steroid treatment group 
had a latency period of <24 hours, 22 (81%) completed 
their course of therapy by the complementary use of 
intravenous tocolytic agents. 

Walter J. Morales, M.D., Ph.D. 

Division of Maternal and Fetal Medicine 
Department of Obstetrics and Gynecology 
I Davis Boulevard, Suite 310 
Tampa, Florida 33606 


ITEMS 





Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to utle of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C. V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146. 


Reproductive Endocrinology and General Gynecol- 
ogy, May 31—June 6, 1987, Palmetto Dunes 
Resort, Hilton Head Island, South Carolina. 
Sponsored by the Department of Gynecology 
and Obstetrics, The Johns Hopkins Medical 
Institutions. For information contact: Jeanne 
Ryan, Program Coordinator, Office of Con- 
tinuing Education, The Johns Hopkins Med- 
ical Institutions, 720 Rutland Ave., Turner 22, 
Baltimore, MD 21205. Tel.: (301) 955-6046. 

High-Risk Obstetrics, April 2-4, 1987, Chicago, Ii- 
nois. Sponsored by the Cook County Graduate 
School of Medicine. For additional informa- 
tion contact the Registrar’s Office. Toll-free 
number: Illinois 1 (800) 621-4649; outside Il- 
linois 1 (800) 621-4651. 

The First International Symposium on Intrapartum 

' Biochemical Monitoring of the Fetus, June 
1-3, 1987, Caesar’s Casino and Hotel, Atlantic 
City, New Jersey. Contact: M. Chatterjee, 
M.D., Our Lady of Mercy Medical Center, 600 
East 233rd St., Bronx, NY 10466. Tel.: (212) 
920-9647. 

Specialty Review in Obstetrics and Gynecology, April 
20-25, 1987, Chicago, Illinois. Sponsored by 
the Cook County Graduate School of Medi- 
cine. For additional information, contact the 
Registrar’s Office. Toll-free number: Illinois 
1 (800) 621-4649; outside Illinois 1 (800) 621- 
4651. 

A Forum on Reproductive Laws for the 1990s, Mon- 
day, May 4, 1987, The Doral Inn, 50th Street 
and Lexington Avenue, New York, NY 10022. 
Tel.: (212) 755-1200. For further information 
contact: Women’s Rights Litigation Clinic, 
Rutger’s University School of Law, 15 Wash- 
ington St., Newark, NJ 07102. 

The Pacific Coast Obstetrical and Gynecological So- 
ciety Ted Adams Scholarship Committee 
invites applications for an award of $7,500 
to be given in 1987 to a student, resident, or 
practicing physician residing in the geograph- 
ical area of the society (Alaska, Arizona, 
British Columbia, California, Hawaii, Idaho, 
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Nevada, Oregon, Utah, and Washington). Ap- 
plicants should submit a descriptive outline 
detailing their educational background, their 
present status, and how the award would be 
used in pursuit of knowledge that could elu- 
cidate and contribute to understanding of 
some aspect of normal or abnormal structural, 
functional, or behavioral component of hu- 
man reproductive biology. All applications re- 
ceived by July 1, 1987, will be considered by 
the Committee. The decision of the Commit- 
tee will be final and will be announced at the 
annual meeting of the Society, September 27 
to October 2, 1987, at the Lodge at Pebble 
Beach, Pebble Beach, California. Address ap- 
plications to: PCOGS Scholarship Committee, 
707 Cobb Medical Center, Seattle, WA 98101. 

Ninth Practical Course in Colposcopy and Cervico- 
vaginal Histopathology in English. Demon- 
stration of the Use of Dr. Cartier’s Diathermy 
Loop, Paris, France, September 21-25, 1987. 
For further information contact: Dr. R. Car- 
tier, 20, rue des Cordelieres, F 75013 Paris, 
France. Tel.: (1) 43 36 04 46. 

The Mt. Sinai Medical Center of Cleveland Gyneco- 
logic and Infertility Laser Surgery Work- 
shop, May 11-13, 1987, The Mt. Sinai Medical 
Center, Cleveland, Ohio. To obtain further in- 
formation, write to: Dr. Robert Kiwi, The 
Mt. Sinai Medical Center, One Mt. Sinai Dr., 
Cleveland, OH 44106. Tel.: (216) 421-4607. 

Chicago Area Schools of Medicine Obstetrics and Gy- 
necology Review Course, June 8-13, 1987, 
Americana Congress Hotel, Chicago, Illinois. 
For information contact: The University of 
Chicago, Office of Continuing Medical Edu- 
cation, 584] S. Maryland, Box 139, Chicago, 
IL 60637. Tel.: (312) 702-1056. 

National Abortion Federation wishes to announce its 
Eleventh Annual Meeting, “Abortion Ser- 
vices: Contributions to the Nation’s Health,” 
May 17-20, 1987, Salt Lake City Marriott Ho- 
tel, Salt Lake City, Utah. For more informa- 
tion, please contact NAF at (202) 546-9060. 
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UNIVERSITY OF ZIMBABWE ` 
EE ARE INVITED FOR THE FOLLOWING POSTS: 
1. LECTURESHIPS/SENIOR LECTURESHIPS/ASSOCIATE 


l PROFESSORSHIPS: 


DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY (2 Posts) 
Applicants must hold the MRCOG ér equivalent higher qualification plus 


relevant experence reflected by substantial publications in reputable ` 


journals. This is a senior post requiring candidates to undertake under- 


. graduate and postgraduate teaching, research and clinical services. 


SALARY SCALE 


-(Medical) 


{Including Professional Supplement) ie 

Lecturer : Z$22 224 - Z$30 840 
Senior Lecturer : 2$31 740 - Z$33 960 
Associate Professor : 2$34 884 - 2$35 640 


= Appointments on the above Scales according to qualifications and expert: 


ence. 


: CONDITIONS OF SERVICE- 


Both permanent and short-term contracts are offered. Persons who are 
not Zimbabween citizens may be appointed only on a short-term contract 
‘basis for an initial period of two years.. Short-term contracts may be 
extended. 

To apply, send six copies of resume and curriculum vitae, which shouid 
include full name, place and date of birth, qualifications, employment and 
experience, present salary, date of availability, telaphone number and 


, _ flames and addresses of thre2 referees should be addressed to the: 


Director, Appointments and Personnel 
University of Zimbabwe 
PO Box MP 167 - 
MOUNT PLEASANT 
Harare 
Telegrams: UNIVERSITY 
an Telex: 4-152 ZW 


Applicants may obtain conditions of employment and job description 
from Mr. 5. W Cole, (Vice-President), African American Institute, 833 


_ United Nationa Plaza, New York, 10017 U.S.A. but application material 


must be sent directly to the University of Zimbabwe as instructed above. 
Closing date for receipt of the applications is 1, April, 1987. 


(DIRECTOR 


ASA/1/87 > 


OBSTETRICIAN: - 
GYNECOLOGIST 


Obstetrician-Gynecologist needed to 


_ Join seven person Department in 165 


multi-specialty clinic; clinic and adja- 
cent 288-bed hospital are located in 
Big 10 University community of 
100,000; teaching positions are avail- 


able in medical school for those with 


academic inclinations; liberal fringe 
benefits and salary lead to equal 
ownership. Write including CV to: 


= Executive Vice-Chairman 
Carle Clinic ~ 
Urbana, IL 61801 


Obstetrics & Gynecology 


Coney island Hospital, a large modern teaching hospital located in a very desirable location, ina pleasant 


Department of OB/GYN. 


‘and highly supportive residential community, is currently offering a position as Director to head the 


Our Department i is professionally affiliated with Maimonides Medical antsy ieu which it maintains an 


affiliation with State University of New York-Medical Campus at Brooklyn. 


ence in Gynecology. | 


_ Candidate should be board-certified, nggreseve: academically-oriented, with astrong interest and experi- 


- Participation in the fee-for-service practice of CIMG, PC. offers an exceptional compensation package. 


Faculty appointment at rank commerisurate with nein and experience. 


Qualified applicants should iowa c. ¥ which will be held in strictest ecniidencs id: 
BURTON HERZ, M.D., CHAIRMAN SEARCH COMMITTEE 
CONEY ISLAND HOSPITAL | 
2601 OCEAN PARKWAY, HAMMET PAVILION RM 303, BROOKLYN, N. y. 11235 


An Equal Opportunity Employer MIF 





OB/GYN 
OREGON 


Ob/Gyn BE/BC wanted to join four BC 
Physicians in a well established Pract 
in great college community. | 


Excellent benefits include paid malprac- 
tice insurance, pension, retirement bene- 
fits and partnership. opportunity. 


Please send cv and references to: 


CORVALLIS OBSTETRICS & 
. GYNECOLOGY, PC. 
3640 NW Samaritan Drive, Suite 270 
Corvallis, Oregon 97330 
(503) 758- 3778 


PHYSICIAN 


DIRECTOR, 


OB/GYN 


Jersey City Medical Centerisa major acute care . 
teaching hospital in Northern New Jersey with an 








Gynecology. Board certification required. May 
have Boards in sub-specialty area; perinatology 
a plus (this Medical Center services as a regional 
perinatal center, with a neonatal intensive care 
unit & experienced neonatal staff). The program 
is building, and searching for a creative clinician 










ty practice. 






benefit package. Please reply in writing to 
Richard Lauterhahn, Personnel Recruiter. 


JERSEY CITY 
MEDICAL CENTER. 


50 Baldwin Avenue 
Jersey City, NJ 07304 




















approved residency program in Obstetrics & ` 


& educator. Teaching experience with clinical. 
orientation required. Opportunity to build facul- — 


We offer a competitive salary & comprehensive | | 


HAHNEMANN UNIVERSITY 
DEPARTMENT OF OBSTETRICS 
-AND GYNECOLOGY 
Immediate Openings Available For 
Gynecologic Oncologist 
Reproductive Endocrinologist 
Obstetric & Gynecologic Generalist 


Applicant must be Board Eligible or Certified 
and certifiable by subspecialty board 
when applicable. 


Salary and Rank Negotiable 
Based on Experience and Qualifications 


interested individuals should contact: 


_ Michael R. Spence, MD, Chairman 
_ Department of Obstetrics and Gynecology 
Hahnemann University Hospital 
Broad and Vine Streets 
- Philadelphia, PA 19102 





Maternal-Fetal 
Medicine 


Board certified/eligible PERINATOLOGISTS re- 
quired for large volume obstetric services 
(3,000-6,000 deliveries per year), 


Opportunities exist both to join and create high risk 
obstetric services at various Kaiser Permanente 
Medical Care Centers located in Southern Califor- 
nia. University affiliations and clinical research is 
encouraged. 





















Excellent bənefits are offered inciuding liability 
coverage, medical and dental coverage, vacation and 
sick leave, continuing education and retirement pro- 
gram. Partnership consideration available after two 
years full time employment. 


Please write, including your curriculum vitae and 
three professional references to: 






il’ KAISER PERMANENTE 
SOUTHERN CALIFORNIA _ 
ý A PERMANENTE MEDICAL GROUP 


Wiliam G. McCormick M.D. 
Physician Recruitment 
Dept. 41B 
Walnut Center 
Pasadena, CA 91188 © 
(714)829-5365 

~ Equal Opportunity Employer M/F/H 








OB-GYN 


EXCELLENT OPPORTUNITY FOR 
BOARD CERTIFIED or eligible 
OB/GYN Physician to join twenty-nine 
physician, well-established, multi- 
specialty group. Will join two estab- 
lished Obstetricians. Good starting 


salary with an incentive program. Ex- 
cellent corporate fringe benefit pro- 
gram. Practice situated in medium 
size city 45 miles north of Denver, Col- 
orado. Contact: 
Denise M. Miller, M.D. 
c/o Longmont Clinic, PC. 
1925 Mountain View Ave. 
Longmont, Colorado 80501 


H hini 
AVAT A LARGE HOSPITAL-BASED HMO 


has openings for the following full-time 
position: 


Obstetrician 

Gynecologist 
THE MICHAEL REESE HEALTH PLAN, 
a well-established and rapidly-expanding, 


federally-qualified HMO seeks Board Cer- 
tified/Eligible Obstetrician/Gynecologists. 








THIS POSITION entails both outpatient and 
hospital practice as well as medical students 


and house staff teaching. 


REMUNERATION is high and competitive 


with academic and fee-for-service practice 
markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send 
Curriculum Vitae in confidence to: 


Dr. Stephen Contro, Medical Director, 


MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, 
Chicago 60616 


an equal opportunity employer m/t/h » 


Michael Reese Health Plan 


FACULTY POSITIONS 
_ MATERNAL 
FETAL-MEDICINE 


The Department of Obstetrics and Gynecology at 
the Medical College of Ohio at Toledo, is accepting 
applications for full time faculty positions within the 
Division of Maternal Fetal Medicine. The Center for 
Women and Children is the level HI Perinatal Re- 
ferral Center for Northwest Ohio and has over 4400 
deliveries yearly. There is a 60 bed NICU with 6 full 
time neonatologists. The candidate should be 
board certified or board eligible in Maternal Fetal 
Medicine. Duties will include patient care, teaching 
activities with residents and medical students and 
development of research activities. Salary and 
academic rank will be commensurate with the can- 
didate’s training and experience. Please direct in- 
quiries and curriculum vitae to: 


Roger R. Lenke, M.D. 
Associate Professor 
Director Maternal Fetal Medicine 
Medical College of Ohio 
C.S. 10008 
Toledo, Ohio 43699 
419-381-4591 


FACULTY POSITION 
DEPARTMENTS OF OB/GYN AND 
MEDICAL GENETICS 
THE OREGON HEALTH SCIENCES 
UNIVERSITY 


Opening at junior faculty level to work under 
the direction of the program director in pre- 
natal diagnosis. . 

M.D. certified or eligible in American boards of 
Medical Genetics, Obstetrics and Gynecology 
and preferably in subspecialty board of 
Maternal-Fetal Medicine. 

Responsibilities include patient service in 
prenatal diagnosis, in-house and outreach 
education, clinical or basic research opportu- 
nities, new program development and some 
high-risk obstetrical consultation. 

Please send curriculum vitae to: 


John Bissonnette, M.D. 
The Oregon Health Sciences University 
3181 S.W. Sam Jackson Park Road, L-458 
Portland, OR 97201 


The Oregon Health Sciences University is an Equal 
Opportunity Affirmative Action Employer 





FACULTY POSITION 
AVAILABLE | 


_ The Department of Obstetrics and Gynecol- 


- The residency director is responsible for ad-- 


ogy at the Medical College of Ohio is accept- 
ing applications for a full-time position as di- 
rector of the residency training program and 
generalist in the field of Obstetrics and 
Gynecology. 


ministration of the program and patient care, 
including a busy- clinical service along with 
resident and student teaching. Salary and 
academic rank will be commensurate with 
candidate's training and experience. Please 
direct inquiries and curricula vitae to: 
John L. Duhring, M.D. 
Chairman and. Professor 
Department of Obstetrics-Gynecology | 
= Medical College of Ohio 
C.S. 10008 _ 
Toledo, Ohio 43699 - 
(419) 381-4591 - 


- 0B/GYN 
CHAIRPERSON 


_ MEDICAL-RESEARCHER - 
Duties consist of doing biochem- 
ical research projects and writing 
papers. Observes surgery and 
patient care in connection with 
medical research. No actual pa- 
tient care. 2 yrs. exp. read. or 3 
yrs. as Obstetrician/Gynecolo- | 
gist; 40 hr/wk; 9-5; $27,600 per 
annum. Resume to: Bronx Job 
Service, 349 East 149th Street, 
Bronx, N.Y. 10451. JO# 
8004229, DOT 070.101.022 : ` 


OBSTETRICIAN/ 
GYNECOLOGIST 


The Smith-Glynn-Callaway Clinic, Inc., 


`- Monmouth medical center, a 526 bed major teaching af- 
filiate of Hahnemann University School of Medicine seeks 
Chairperson for Department of Ob/Gyn. starting July 1, 
1987. 9 fully accredited residency programs including 
Ob/Gyn 3rd yr medical Student clerkship. Qualifications: 
Board certification; clinical, administrative, teaching & re- 
search experience; academic credentials for appointment 
as associate professor or professor. Full Time salary plus 
limited practice. Reply with C.V. to: 


located in Springfield, Missouri, is seeking 
a physician university trained, board eligi- 
ble or certified in obstetrics/gynecology to 
join its 66-physician, multispecialty group 

practice serving a regional population 
area of 1,000,000+. Competitive salary 
with bonus/production incentive. Fringe 
benefits package includes life, health, 
pension plan, vacation, paid meeting ex- 

. penses. Four hospitals with combined 
bed capacity of 1,766. Excellent secon- 
dary schools, four universities. Please call 
or write to Administrator, 3231 South Na- 
tional, Springfield, MO. 65807 or call col- 
lect 417-883-7422. 





Chairman, | 
Ob/Gyn Search Committee 
| Medical Staff Office 
| oe p. Monmouth 
ww Medical Center 
| 300 Second Avenue 
Long Branch, New Jersey 07740 
Equal Opportunity Employer M/F 
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MATERNAL-FETAL MEDICINE 
(Board eligible or Certified) 


600 Bed University-affiliated Level Ill Hospital 
with 3,000 deliveries/year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB/GYN 
residency program has immediate opening for 


a full-time position in perinatology. Duties to 
include residency teaching, maternal transfer 
care, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- 


lent public school system, housing, and Lake 


St. Clair in very close proximity. 
CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 





MATERNAL-FETAL 
MEDICINE SPECIALIST 


Excellent opportunity for a BC/BE Perina- 
tologist to join an expanding Division of 
Perinatology. The position provides an 
opportunity for resident and student 
supervision and teaching, access to an 
established, large private practice. and 
clinical research. Extensive ultrasound, 


genetics, and maternal transport practice 
developed. Excellent compensation, 
benefits, and professional opportunities. 
Please send CV to: 


Jorge D. Blanco, M.D. 
Director of Perinatology 
Memorial Medical Center 
P. O. Box 23089 
Savannah, Georgia 31403 


OR CALL 912/355-8522 





Schwartz, Chairman, Depart- 
SINAI ment of Obstetrics and 
HOSPTTAL Detroit, 6767 W. Outer Drive, 
OF DETROIT Detroit, MI 48235, or call (313) 


Subspecialist 
Positions 


615-bed tertiary care facility is seeking several 
board eligible or board certified subspecialists 
for the following areas within an expanding 
Department of Obstetrics and Gynecology. 


è Maternal/Fetal Medicine 
Two new positions available in our estab- 
lished division of Maternal/Fetal Medicine. 
Ultrasound experience desirable. 


è Reproductive Endocrinology 
An exceptional growth opportunity is 
available for a physician to direct this new 
division. 

These positions offer excellent opportunities 

for professional development to qualified 

physicians interested in subspecialty practice, 
resident training, and research/faculty status 
in a large university affiliated hospital. 


Please submit your Curriculum 
Vitae or contact Dr. David B. 


Gynecology, Sinai Hospital of 


493-5220. 


MATERNAL-FETAL MEDICINE 
(Board Eligible or Certified) 


1000 Bed University-affiliated, Level HHI Hospi- 
tal with 6,000 deliveries/year. Fully-approved 
OB/GYN residency program. 24-hour in- 
house anesthesiology and neonatology/large 
NICU, active maternal transfer service, peri- 
natal outreach program. Opening for a full- 
time position in perinatology. Training and ex- 
perience in ultrasound required. Eligible for 
academic appointment at Thomas Jefferson 
University. Responsibilities include resident 
and medical student teaching, maternal-trans- 
fer care, and private practice. Competitive 
guaranteed salary with excellent fringe bene- 
fits including professional liability plus incen- 
tive income. Conveniently located in close 
proximity to major metropolitan areas. Inter- 
ested applicants may call collect or send cur- 
riculum vitae to Dr. Garrett H.C. Colmorgen, 
Director, Maternal-Fetal Medicine. 


CALL COLLECT: 302-733-3350 
The Medical Center of Delaware 
Christiana Hospital 
Department of OB/GYN 
PO. Box 6001 
Newark, DE 19718 

























Faculty Position 
GEORGIA 


Chief, OB/GYN in Community Hospital. 
Academic setting teaching Family Prac- 
tice Residents who staff busy OB/GYN 
service in tertiary perinatal center. Emory 


University and Medical College of Geor- 
gia affiliate. Relaxed professional envi- 
ronment. 

send C.V. to: 

Howard G. Vigrass, M.D. 
710 Center Street 
Box #84 
Columbus, GA 31994 





OB/GYN| 


MALE/FEMALE BOARD ELIGIBLE/ 
CERTIFIED, U. S. Trained for quality 
practice in community of approxi- 
mately 23,000. Well equipped hospital 
with 24 other physicians. Area fea- 
tures hunting, fishing camping and ski- 
ing. Close proximity to Pueblo, Col- 
orado Springs and Denver. CALL OR 
WRITE: St. Thomas More Hospital 
and Progressive Care Center, 1019 
Sheridan Street, Canon City, Co 
81212, Sister M. Judith Kuhn, OSB, 
Chief Executive Officer. (303) 275- 
3381. 
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Full Time — 
Faculty Position 
Maternal-Fetal Medicine 


The department of OB/GYN at Temple University 
Health Science Center is seeking a Board Cer- 
tified/Board Eligible Perinatologist. Clinical and 

- academic activities are integrated in a depart- 
ment providing tertiary services, including 
genetic counseling. Newly opened Temple 
University Hospital houses a modern Labor & 
Delivery suite and large Neonatal Intensive Care 
unit. Approved Fellowship program. Candidates 
should have an active interest in Research, 
Clinical Practice, and Resident and Medical stu- 
dent education. Salary and academic rank com- 
mensurate with experience. Opportunity for 
Lee abated person to ove Section Chief. Sub- 
mit 


P. Hanjani, M.D., Professor, OB/GYN 


Temple University 
Health Science Center 
3401 N. Broad St. 
Philadelphia, PA 19140 


An equal opportunity, 
affirmative action employer 


PACIFIC NORTHWEST 


Beautiful country setting 
Easy access to urban amenities 


Eight person group seeks second 
OB/GYN for rapidly growing, low-risk 
practice. - 


Family oriented community near major 
urban area and just 60 minutes from out- 
standing ski resort. 


For information call or send CV to: 


The Friedrich Group, Inc. 
9284 Ferncliff Northeast 
Bainbridge Island, WA 98110 

(206) 547-7850 
(206) 842-5248 





OBSTETRICS-GYNECOLOGY 


POSITION AVAILABLE IN THE OB-GYN DE- 
PARTMENT OF A 100+ PHYSICIAN MUL- 
TISPECIALTY GROUP WITH A WELL ES- 
TABLISHED SATELLITE SYSTEM. 300,000 
PATIENT POPULATION BASE. PRACTICE 
STATE OF THE ART MEDICINE IN A RELA- 
TIVELY RURAL AREA WITH NEARBY NA- 
TIONAL RECREATION AREA. LARGE 
CITIES READILY ACCESSIBLE BY PARK- 
WAY. WELL EQUIPPED 400-BED HOSPITAL 
WITH NEONATAL NURSERY AND FULL 
RANGE OF ANCILLARY SERVICES. ALL 
MEDICAL AND SURGICAL SUBSPE- 
CIALTIES REPRESENTED ON STAFF. 
GUARANTEED MINIMUM OF $100,000 AN- 
NUAL SALARY BASE WITH EARLY PAR- 
TICIPATION IN THE CLINIC’S PRIMARILY 
INCENTIVE BASED INCOME DISTRIBU- 
TION SYSTEM. PLEASE SEND CUR- 
RICULUM VITAE TO: 


Assistant Medical Director 


Trover Clinic 
Clinic Drive 
T ic Madisonville, Kentucky 42431 
or 
Call Collect: 502-825-7470 


FACULTY OPENINGS IN 
OBSTETRICS AND 
GYNECOLOGY 


1. Perinatology 

2. Gynecologic Endocrinology 

3. General Obstetrics/Gynecology 
4. Family Planning 

5. Gynecologic Oncology 


Rank and salary: negotiable, commensurate 
with training and experience. 


Qualifications: M.D. with eligibility for certifica- 
tion by American Board of Obstetrics and 
Gynecology and, where applicable, certifica- 
tion (or eligibility for) in subspecialty is desir- 
able. Interest and experience in under- 
graduate and graduate education, clinical 
and/or basic research, and clinical practice of 
obstetrics and gynecology. 
For further information, please contact: 
William J. Dignam, M.D. 
Acting Chairman 
Dept. Obstetrics & Gynecology 
UCLA School of Medicine 
Los Angeles, California 90024 
Affirmative Action/Equal Opportunity Employer 


CHAIRMAN 
DEPARTMENT OF OBSTETRICS AND 
| GYNECOLOGY 


The University of South Florida College of Medicine 
is seeking applications for Chairman. The depart- 
ment is a tertiary referral center for Maternal-Fetal 
Medicine, Gynecologic Oncology, Gynecology and 
Reproductive Endocrinology. The department is re- 
sponsible for a large clinical and teaching program. 


Applicant should be Board Certified in Obstetrics 
and Gynecology and have clinical, teaching and 
administrative experience. 
Send letters of interest or nominations with CV to: 
Lewis A. Barness, M.D. 
Chairman, Search Committee 
Chairman of OB/GYN, Box 15 
USF College of Medicine 
12901 Bruce B. Downs Blvd. 
Tampa, FL 33612 
(813) 974-4214 


Deadline for application is May 31, 1987. 


USF is an equal opportunity affirmative action employer. 


UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 
Obstetrics, Gynecology and Reproductive Sciences 
Assistant Professor Level 
Two Positions 


The University of California, San Francisco, Department of Obstetrics, 
Gynecology and Reproductive Sciences, is seeking two full time faculty 
members at the Assistant Professor level. 
Obstetrician-Gynecologist 
Gynecolgoic Urology 
Applicants for this gynecologic-urology position should be board certified 
or eligible in obstetrics and gynecology with demonstrated experience in 
both general gynecology and gynecologic urology, capable of mounting 
an independent research program, as well as being well prepared clini- 
cally. 
Send a curriculum vitae and bibliography to: 
Richard L. Sweet, M.D. 
Professor and Vice Chairman 
Department of Obstetrics, Gynecology and Reproductive Sciences 
San Francisco General Hospital 
1001 Potrero Averue, Room 6J-2 
San Francisce, CA 94110 
Obstetrician-Gynecologis! 
Reproductive Endocrinologist - 
Applicants for this obstetrician-gynecologist/reproductive endocrinology 
position should be board certified or eligible in reproductive endocrinol- 
ogy with demonstrated competence in both general obstetrics and 
gynecology as well as in endocrinology and infertility with demonstrated 
abilities and interest in clinical invest-gation and teaching. This position 
will serve approximately half time with the general clinical practice and the 
other half time assisting in the in vitro fertilization program. 
Send a curriculum vitae and bibliography to: 
Mary C. Martin, M.D. 
Assistant Professor 
Department of Obstetrics, Gynecology and Reproductive Sciences 
University of California, San Francisco 
San Francisco, CA 94143-0132 
UCSF is an Equal Opportunity/Affirmative Action Employer. Women and minorities 
are encouraged to apply. 
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TRADEMARK 


(norethindrone /ethinyl estradiol) 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet contains 0.75 mg 
norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethinyl 
estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information provided with the 
product and therefore should not be used as the basis for prescribing the product. summary was — by 
deleting from the complete prescribing information certain text, tables, and references. The physician Id be 
thoroughly familiar with the complete prescribing information before prescribing the product. 

INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
association between the dose of estrogens in oral contraceptives and the risk of thromboembolism. For this reason, it is 
prudent and in keeping with good principles of therapeutics to minimize exposure to estrogen. The oral contraceptive 
product prescribed for any a patient should be that product which contains the least amount of estrogen that is 
compatible with an acceptable pregnancy rate and patient acceptance. It is recommended that new acceptors of oral 
contraceptives be started on preparations containing .05 mg or less of estrogen. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women with any of the following conditions: 1 
Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic 
disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or 
suspected estrogen-dependent neoplasia. 6. Undiagnosed, abnormal genital bleeding. 7. Oral contraceptive tablets may 
cause fetal harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in women who 
are pregnant. If the patient becomes pregnant while taking this drug, the patient should be apprised of the potential hazard 
to the fetus (see WARNINGS. No. 5). 8. Benign or malignant liver tumor which developed during the use of oral 
contraceptives or other estrogen-containing products 


WARNINGS 


Cigarette increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk 
increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 
sae ney eee whe ue ore contraceptives should be strong ed not to smoke. 

use of oral contraceptives is associated with increased risk of several serious conditions including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practi- 
tioners prescribing oral contraceptives should be familiar with the following information relating to these risks. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and 
thrombotic disease associated with the use of oral contraceptives is well established. Four principal studies in Great 
Britain and three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism 
and stroke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times 
more likely than nonusers to develop these diseases without evident cause. Overall excess mortality due to pulmonary 
embolism or stroke is on the order of 1.0 to 35 deaths annually per 100,000 users and increases with age 
ASCULAR DISORDERS: In a collaborative American study of cerebrovascular disorders in women with and 
without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in 
nonusers and the risk of thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. A prospective study 
conducted in Great Britain estimated that former users have a risk for all cerebrovascular disease 2.6 times greater than 
that of nonusers. This risk remained elevated for at least six years after last oral contraceptive use. A prospective study 
conducted in the United States found that past use of oral contraceptives was associated with increased risk of 
subarachnoid hemorrhage, the relative risk being 5.3. There was also some evidence from this study that the degree of risk 
may be related to duration of oral contraceptive use. MYOCARDIAL INFARCTION: An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported confirming a previously suspected 
association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
pric risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, 
- diabetes, history of preeclamptic toxemia), the higher the risk of developing myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a clear additional risk 
factor. The annual excess case rate (increased risk) of myocardial infarction (fatal and nonfatal) in oral contraceptive 
users was estimated to be approximately 7 cases per 100,000 women users in the 30-39 age group and 67 cases per 
100,000 women users in the 40-44 age group. In terms of relative risk, ithas been estimated that oral contraceptive users 
who do not smoke | cca ıs Considered a major predisposing condition to myocardial infarction) are about twice as 
likely to have a fatal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are also smokers 
have about a 5-fold increased risk of fatal infarction compared to users who do not smoke. but about a 10- to 12-fold 
increased risk compared to nonusers who do not smoke. Furthermore, the amount of smoking is also an important factor 
In determining the importance of these relative risks, however, the baseline rates for various age groups must be given 
Serious consideration. The importance of other predisposing conditions mentioned above in determining relative and 
absolute risks has not as yet been quantified; it ıs quite likely that the same synergistic action exists, but perhaps to a 
lesser extent, A study suggests that some increased risk of myocardial infarction in oral contraceptive users persists 
following discontinuation of oral contraceptives and that the degree of the residual risk is related to the duration of the 
past use. Risk of Dose: In an analysis of data derived from several national adverse reaction reporting systems, British 
investigators concluded that the risk of thromboembolism including coronary thrombosis is directly related to the dose of 
estrogen used in oral contraceptives. Preparations containing 100 mcg or more of estrogen were associated with a higher 
risk of thromboembolism than those containing 50-80 mcg of estrogen. Their analysis did suggest, however, that the 
quantity of estrogen may not be the sole factor involved. This finding has been confirmed in the United States. Careful 
epidemiological studies to determine the degree of thromboembolic risk associated with progestogen-only oral 
contraceptives have not been performed. Cases of thromboembolic disease have been reportec in women using these 
products, and they should not be presumed to be free of excess risk. The risk of thromboembolic and thrombotic 
disorders, in both users and nonusers of oral contraceptives, increases with age. Oral contraceptives are, however, an 
independent risk factor for these events. ESTIMATE OF EXCESS MORTALITY CIRCULATORY DISEASES: A large 
prospective study carried out in the United Kingdom estimated the mortality rate per 100,000 women per year from 
diseases of the circulatory pem for users and nonusers of oral contraceptives according to age, smoking habits, and 
duration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was 
estimated to be 20 per 100,000 (ages 15-34—5/100.000; ages 35-44—33/100,000; ages 45-49—140/100.000), the risk 
being concentrated in older women, in those with a long duration of use, and in cigarette smokers. It was not possible, 
however, to examine the interrelationships of age, smoking, and duration of use, nor to compare the ef fects of continuous 
versus intermittent use. Although the study showec a 10-fold increase in death due to circulatory diseases in users for 
five or more years, all of these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for five or more years are available, it is not possible to assess the magnitude of the relative risk for this 
younger age group. This study reports that the increased risk of circulatory disease mortality may persist after the pill is 
discontinued. Another study published at the same time confirms a previously reported increase of mortality in pill users 
* from cardiovascular disease. The study concluded that the mortality associated with all methods of birth control is low 
and below that associated with childbirth, with the exception of oral contraceptives in women over 40 who smoke. (The 
rates given for pill only/smokers for each age group are for smokers as a class. For “heavy” smokers oe than 15 
_ Cigarettes a day], the rates. given would be about double: for “light” smokers [less than 15 cigarettes a day], about 50 
percent.) The mortality associated with oral contraceptive use in nonsmokers over 40 is higher than with any other 
method of contraception in that age group. The lowest mortality is associated with the condom or diaphragm backed up 
by early abortion. The risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterole- 
mia, obesity, diabetes, or history of preeclamptic toxemia and especially by cigarette smoking. The risk of myocardial 
infarction in oral contraceptive users is substantially increased in women age 40 and over, especially those with other risk 
factors. The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic 
disorders (e.g., thrombophlebitis. pulmonary embolism, cerebrovascular insufficiency. coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
immediately. A four- to six-fold increased risk of postsurgery thromboembolic complications has been reported in oral 
contraceptive users. If feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
associated with an increased risk of thromboembolism or prolonged immobilization. 2. OCULAR LESIONS There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associatec with the use of oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, partial or complete 
loss of vision; onset of proptosis or diplopia; papilledema; or retinal vascular lesions and institute appropriate diagnostic 
and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or synthetic estrogen 
in certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
progestogens, none currently contained in oral contraceptives, have been noted to increase the incidence of mammary 
“nodules, benign and malignant, in dogs. In humans, three case control studies have reported an increased risk of 
endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women. One 
publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
for adenocarcinoma of the endometrium (e.g.. irregular bleeding at the time oral contraceptives were first given, 
polycystic ovaries), nearly all occurred in women who had used a sequential oral contraceptive. These products are no 
longer marketed. No evidence has been reported conte increased risk of endometrial cancer in users of 
tud 



















conventional combination or progestogen-only oral contra es. Several studies have found no increases in breast 
cancer in women taking oral contraceptives or estrogens y. however, while also noting no overall increased risk 
of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of oral contraceptive 
users with documented benign breast disease. A reduced occurrence of benign breast tumors in users of oral 
contraceptives has been well-documented. In summary, there is at present no confirmed evidence from human studies of 
an increased risk of cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is, nevertheless, essential. In all cases of undiagnosec persistent or recurrent abnormal vaginal bleeding, 
appropriate diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or who have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with particular 
care if they elect to use oral contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
hepatic adenomas have been found to be associated with the use of oral contraceptives. One study showed that oral 
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contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further increase the 
woman's risk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of oral contraceptives. Two 
Studies relate risk with duration of use of the contraceptive, the risk being much greater after four or more years of oral 
contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain 
and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women takin 

oral contraceptives. The relationship of these drugs to this type of malignancy is not known at this time. 5 USE INO 

IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING 


_ The use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 


damage the offspring. Ithas been shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have 
an increased risk of developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk 
has been estimated to be on the order of 1 to 4 in 1000 exposures. Although there is no evidence at the present time that 
oral contraceptives further enhance the risk of developing this type of malignancy, such patients should be monitored 
with particular care if they elect to use oral contraceptives instead of other methods of contraception. Furthermore, a high 
percentage of such exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. 
Although these changes are histologically pasion it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are not 
available with the use of other estrogens, it cannot be presumed that they would not induce similar changes. An increased 
risk of congenital anomalies, including heart defects and limb defects, has been reported with the use of sex hormones, 
including oral contraceptives, in pregnancy. One case control study has estimated a 4.7-fold increase in risk of 
limb-recuction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal withdrawal tests for 
pregnancy or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a 
few days of treatment. The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 
one in 1000 live births. In the past, female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlled studies that progestogens are effective for these uses. There is some evidence 
that triploidy and possibly other types of polyploidy are increased among abortuses from women who become pregnant 
soon after ceasing oral contraceptives. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping oral 
contraceptives is unknown. It is recommended that for any patient who has missed two consecutive periods, pregnancy 
should be ruled out before continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, 
the possibility of pregnancy should be considered at the time of the first missed period (or after 45 days from the last 
menstrual period if the progestogen-only oral contraceptives are used), and further use of oral contraceptives should be 
withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy should be discussed in the light of these risks. It is 
also recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an 
alternate form of contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months although no precise information is available on which to base this recommendation. The administration of 
progestogen-only or progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of 
pregnancy. 6 GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed gallbladder disease in 
users of oral contraceptives and estrogens. In one study, an increased risk appeared after two years of use and doubled 
after four or five years of use. In one of the other studies, an increased risk was apparent between six and twelve months 
of use. 7, CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been observed in a 
significant percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be 
carefully observed while receiving oral contraceptives. An increase in triglycerides and total phospholipids has been 
observed in patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8 
ELEVATED BLOOD PRESSURE. An increase in blood pressure has been reported in patients receiving oral contraceptives 
In some women hypertension may occur within a few months of beginning ora! contraceptive use. In the first year of use, 
the prevalence of women with hypertension is low in users and may be no higher than that of a comparable group of 
nonusers. The prevalence in users increases, however, with longer exposure, and in the fifth year of use is two and a half to 
three times the reported prevalence in the first year. Age is also strongly correlated with the development of hypertension 
in oral contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral 
contraceptives usually returns to normal after discontinuing the drug. 9. HEADACHE. The onset or exacerbation of 
migraine or development of headache of a new pattern which is recurrent, persistent, or Severe, requires discontinuation 
of oral contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases 
of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded. time or a change to another formulation may solve the problem. Changing to 
an oral contraceptive with a higher estrogen content, while potentially useful in eg etter irregularity, should 
be done only if necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a tendency to remain 
anovulatory or to become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, 
possibly prolonged, may also occur in women without previous irregularities. 11. ECTOPIC PREGNANCY Ectopic as well 
as intrauterine pregnancy may occur in contraceptive failures. 12 BREAST FEEDING. Oral contraceptives given in the 
postpartum period may interfere with lactation. There may be a decrease in the quantity and quality of the breast milk. 
Furthermore, a small fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. The effects. if any, on the Dreast-fed child have not been determined. If feasible, the use of oral 
contraceptives should be deferred until the infant has been weaned. PRECAUTIONS: General: 1. A complete medical and 
family history should be taken prior to the initiation of oral contraceptives. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, oral contraceptives should not be prescribed for 
longer than one year without another physical examination being performed. 2. Under the influence of estrogen-proges- 
togen preparations, preexisting uterine lecomyomata may increase in size. 3. Patients with a history of psychic depression 
should be carefully observed and the drug discontinued if depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom is drug-related. 4. Oral contraceptives may cause some 
degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma. or 
cardiac or renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice while receiving oral contraceptive therapy. If jaundice develops in any patient receiving such drugs, 
the medication shouid be discontinued. 6. Steroid hormones may be poorly metabolized in patients with impaired liver 
function and should be administered with caution in such patients. 7 Oral contraceptive users may have disturbanges in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance ofthis4s yet 
to be determined. 8. Serum folate levels may be depressed by ora! contraceptive therapy. Since the pregnant woman is 
predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing 
gestation, it is possible that if a woman becomes pregnant shortly after stopping oral contraceptives, she may have a 
greater chance of developing folate deficiency and complications attributed to this deficiency. 9. The pathologist should 
be advised of oral contraceptive therapy when relevant specimens are submitted. 10. Certain endocrine and liver function 
tests and blood components may be affected by estrogen-containing ora! contraceptives: a. increased sulfobromo- 
phthalein retention b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased pregnanediol 
excretion. e. Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See Patient Package wan. 
DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough bleeding have been associated wit 
concomitant use of rifampin. A similar association has been supposes with barbiturates, Ee autans, phenytoin 
sodium, ampicillin, griseofulvin, and tetracycline. CARCINOGENESIS, PREGNANCY, NURSING MOTHERS: See - 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increased risk of the following serious adverse reactions 
has been associated with the use of oral contraceptives (see WARNINGS) Thrombophlebitis. Pulmonary embolism. 
Coronary thrombosis. Cerebral thrombosis. Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. 
Congenital anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis. Neuro -ocular lesions, e.g., 
retinal thrombosis and optic neuritis. The following adverse reactions have been reported in patients receiving oral 
contraceptives and are believed to be drug-related: Nausea, amy ti most common adverse reaction. Vomiting, occurs 
in approximately 10% or less of patients during the first cycle. Other reactions, as a general rule, are seen much less 
frequently or only occasionally, Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary 
infertility after discontinuance of treatment. Edema. Chioasma or melasma which may persist. Breast changes: 
tenderness, enlargement, and secretion. Change in weight (increase or decrease). Change in cervical erbsion and cervical 
secretion. Possible diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. Increase 
in size of uterine leiomyomata. Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal 
candidiasis. Change in corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions 
have been reported in users of oral contraceptives, and the association has been neither confirmed nor refuted: 
Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite. Cystitis-like syndrome. 
Headache Nervousness. Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemor- 
rhagic eruption. Vaginitis. Porphyria. Impaired renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ill 
effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females 
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‘Serious as: well as minor side effects have been reported with the use of 
‘@cal contraceptives. The physician should remain alert to thé earliest 
f ynifestations of any symptoms of serious disease and spies oral 
lraceptive therapy when appropriate. 
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UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 





The unique TRI-NORINYL SUPPLIED IN THE 
phasing achieves BTB EXCLUSIVE SYNTEX 
control equivalent to a 1/35 =WALLETTE™ PILL 
formulation, but with 29% DISPENSER a 





less progestin per cycle. R ji sig 

te o SaaS 
This is, in ne the — ari $ 
progestin reduction of any NN ste 
norethindrone-based i a 


multiphasic. TRI-NORINYL 
lowers progestin where 
requirements for endome- 
trial support are reduced— 


. Preferred by patients 3 to 1 
with no greater reported ; 


over other available packages 


BTB than a 1/35 formulation* i i 
for convenience, discreetness 
9 DAYS 1.0 MG - +* 
NORETHINDRONE and compliance: 
7 DAYS 0.5 MG 5 DAYS 0.5 MG 
NORETHINDRONE NORETHINDRONE 


21 DAYS 0.035 MG ETHINYL ESTRADIOL 


THE NATURE OF 


“1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradiol. Data available from 
Syntex Laboratories, Inc. 

*“Based on a nationwide, independently conducted Survey of prospective oral contraceptive patients. 
Data available from Syntex Laboratories, Inc. 
Serious as well as minor side effects have been reported following the use of all oral contraceptives. 
These pe thromboembolic disease. Please see brief summary of full prescribing information 
on next page. 


SYNTEX LABORATORIES. INC oat ` 
PALO ALTO. CA 94304 ©1986 Syntex Laboratories, Inc. 











THE NATURE OF 


{NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL* 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0035 mg. 9 green tablets 
of norethindrone 1.0 mg with ethiny! estradiol 0.035 mg. 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
a 

TRENORINYL* 28-Day Tablets (7 blue tablets of norethin- 

drone 0.5 mg with ethinyl estradiol 0.035 mg. 9 green tablets 

of norethindrone 10 mg with ethinyl estradiol 0.035 mg, 5 

blue tablets of norethindrone 0.5 mg with ethinyl estradiol 

0035 mg; 7 inert tablets) 

ORAL CONTRACEPTIVE (0.C.) AGENTS 

indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between QC estro- 
gen dose and risk of thromboembolism. it is prudent to minumize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy fate and patient acceptance. Start new users on OCs 
containing 0.05 mg or iess of estrogen. 

Contraindications 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrombophiebitis or thromboembolic disorders. 3. Pas! history of deep vein 
thrombophiebitis or th ic disorders. 4. Undiagnosed abnormal genital 
bleeding. 5. OCS should not be used by women who have or have had any of the 
following, a. cerebral vascular or coronary artery disease. including myocardial 
infarction. b. known or suspected carcinoma of the breast. ¢ known OF SUS- 
pected estrogen dependent neoplasia. d benign o malignant liver tumor that 
developed during use of OCs or other estrogen containing products. 
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WARNINGS: Cigarette g increases the risk of serious cardiovascu- 
tar side effects from OC use. 7 


including thromboembolism, stroke, myocardial infarction, liver tumor gall 





| The use of OCs is associated with increased risk of several serious conditions | 
| 


Practitioners prescribing OCs shouid be famifiar with the folowing informa- 
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t Thromboembolic Disorders and Other Vascular Problems: An increased risk O 
thromboembolic and thrombotic disease associated with OC use is established 
One study demonstrated an increased relative risk for fatal venous fhromboem- 
bolism and several studies demonstrated ft for non-fatal venous thromboembol- 
ism, They estimate that OC users are 4-11 times more fikely than nonusers fo 
develop these diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resuited from cardiovaseu- 
jar disease. Another British study showed a lower death rate in OC users than 
controls: an increase in cardiovascular deaths was seen but was not statistically 
significant. A US. prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, buf a subset analyzed as a retrospective. Case- 
control study showed Bs olea Increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. in an Amencan study of 
cerebrovascular disorders in women with and without predisposing Causes, 
relative risk of hemorrhagic stroke was estimated as 26 times greater and 
thrombotic stroke as 4-95 times greater in users than nonusers. A British iong- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too smal! to estimate the risk. Subarachnoid hemorrhage 
has heen shown fo be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents, smoking and pill use 
appear to increase risk more than either alone. 

MYOCARDIAL INFARCTION (Ml). increased relative risk of Mi associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia. obesity, diabetes, history af preeclamptic toxemia) 
the higher the risk of developing MI, ragardiess of OC use. OCs were an 
additional risk factor. in terms of relative risk, it has been estimated that 
nonsmoking OC users {smoking is considered a major pacing condition to 
Mij are twice as likely to have a fatal Mi as nonsmoking nonusers. OC users who 
are smokers have a 5-fokd increased risk of fatal infarction compared to nan- 
smoking users, and a 10-12-told increased risk compared to nonsmoking nom- 
users. The number of cigarettes smoked is important. in determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. Neat are based on British vital statistics which shaw acute MI 
death rates 2-3 times less than in the U.S. so US. death rates could be higher} 
importance of other predisposing conditions in determining relative and absolute 
risks has not been quantified. other synergistic actions may exist. RISK OF 
DOSE. Using data trom several national adverse reaction reporting systems, 
British investigators concluded thal risk of thromboembolism, including coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 01 mg or 
more of estrogen were associated with a higher tisk of thromboembolism than 
those containing 005-008 mg but quantity of estr may not be the sole 
factor This was supported by a U.S. study. A British study found a positive 
association between dose of progestogen of estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Carefui 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been cone. Thrambaembolic 
disease has been reported in women using these ts, and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for Mi. another ad apen the 
persistence of risk for sutiarachnoid hemorrhage. ESTIMATE OF EX SS MOR- 
TALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated mortality rate per 100,000 women per year from circulatory system 
diseases for users and nonusers according to age, smoking habits, and 
duration of use. The overall annual excess death rate for OC users was estimated 
to be 20100000 {ages 15-34~5/100000 ages 35-44 -33/100.000; ages 45- 
49- 140/100,000). Risk is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the study showed a 10-foid 
increase in death due to circulatory diseases in users tor 5 of more years, ail 
occurred in women 35 or older An update provided the following rates: ages 
45-34—16700 for nonsmokers and 1/2000 for smokers. ages 45 and over- 
172500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration ot use. Until more women under 35 with 
continuous use for 5 or more years are available, it is not possible fo assess 
relative risk for this age group. Data from a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk ot the contraceptive 
method {e.g.. thromboembolic and thrombotic disease for OCs} plus risk 
attributable to pregnancy or abortion if the method fais (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth. 
except for OCs in women over 40 who smoke. (Rates gives for pill anty’ 
smokers for each age are for smokers as a Class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double. for “fight” smokers 
fess than 15), about half} The lowest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that oc 
users -gmoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipiie- 
mias, obesity, diabetes, or history of preeclamptic toxemia. and especia Ny by 
smoking. The following chart gives a gross estimate of risk of death trom 
circulatory disorders associated with OC use. 
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SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS - RISK ASSOCIATED WITH USE OF OCs 
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Age Below 30 36-39 a+ 
Heavy smokers C 8 A 
Light smokers D C 8 
Nonsmokers 
ino predisposing conditions} D C.D S 
Honsmokers — , 
fother predisposing conditions} Cc EB B.A 


A-Use associated with very high risk. 
§~Use associated with high risk. 
C-Use associated with moderate risk. 
D~Lse associated with fow risk. 
Physician and patient shouid be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders ieg.. thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, discontinue oC 
immediately. A 4-6 told increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. Hf feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC atter major surgery of bedrest, balance FISKS 
of post-su thromboembolic complications with contraceptive needs. Data 
suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the jeg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocutar lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained. sudden, or 
gradual, partial or complete foss of vision. onset of proptnsis or diplopia, 
papiliedema: or retinal vascular lesions: and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma. Long-term continuous adminsstration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or mafignant, such as breast, cervix, vagina. uterus, Ovary. pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules. benign and malignant. m dogs. Several retrospective case- 
control studies reported an increased relative risk (31-39 times} associating 
endometrial carcinoma with the prolonged use of estrogens in postmenopausal 
women. One publication es ra the first 30 cases submitted to the registry af 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for ageng- 
carcinoma of the endometrium ieg. irregular bleeding when OCs were first 
iwen, polycystic ovaries), nearly ali aceurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
sting an increased risk of endometrial cancer In users of conventional 
combination of progestogen-only OCs, although individua! cases have been 
reported. Studies have shown no increased tisk of breast cancer te OC oF 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was be for OC users with documented benign 
breast disease and lor long-term {2-4 years} users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
than among nonusers with breast cancer One other Study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer. and other studies suggested an increased risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence ot 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers. This became statistical 
significant after 3-4 years of use. Nonreversai of dysplasia within the first 
months of pill use was suggested to predict progression after prolanged expo- 
sure. One study disclosed an increased risk of cancer of the cervix (largely 
carcinoma in situ) in OC users under 40, particularly those who had used Cs 
over 4 years. Two other studies ry a an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microgiandular hyperplasia of the cervix in OC users One study reported an 
association between OC use and endocervical adenocarcinoma. in summary. 
there is no confirmed evidence from human studies of increased fisk of cancer 
associated with OCs. Close clinical surveillance of all OC users is. nevertheless, 
essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding. take appropriate diagnostic measures io rule out malignancy, Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease of abnormal mammograms with particular care. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be dug to rupture and 
hemorrhage of a liver tumor There have been reports associating benign or 
malignant liver tumors with short-term anc long-term OC use. One study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, tisk being much greater after 4 of more years of use. Long-term OC users 
have an estimated annual incidence of hepatoceltular adenoma of 3-4/100,000. 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen’ . The tumor may cause serious of fatai hemorrhage. Patients 
with fiver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may nol be helptul. Liver 
scans may show a focal detect. Hepatic arteriography may be useful in hey 54 
ing primary liver neoplasm. 5. Lise in oF immediat Preceding Pregnancy, Birth 
Defects in Ofspring, and Malignancy in Female Offspring. Use female sex 
hormones estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethyistiibestral, a 
nonsteroidal estrogen, have an increased risk of developing in later life a torm of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has Deen 
estimated to be of the order of 1/1600 exposures or less. Although there is nc 
evidence that OCs further enhance the risk of developing this type of malignancy. 
such OC users should be monitored with particular care. A high percentage o 
women exposed to diethyistilbestro! (40-90%) have epithelial changes of the 
vagina and cervix. Although these changes are nistologically bemgn, if is not 
known whether they are a precursor of vaginal malignancy Male chidren se 
exposed may develop urogenital tract abnormalities. Although simiar data are 
not available on other estrogens. it cannot be presumed that they would not 
induce similar changes. increased risk of congenital anomalies, including heart 
and hmb defects. has been reported following use of sex hormones, including 
OCs. in pregnancy. One case-control study estimatec a 4.7-tolg increased relative 
risk of fimb-reduction defects in infants exposed in ufero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data suggest 
risk of fimb-reduction defects in exposed fetuses is somewhat less than VT 09 
five births. in a large prospective study, cardiovascular detects in chidren born © 
women who received female hormones, pau OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 tor children not so exposed an 
utero. These results are statistically significant. A Welsk study found a statisti- 
aman excess of neural tube detects among offspring of prior OC users 
{within 3 months) than among controis, The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. in the 
past, female sex hormones were used during pregnancy m an attempt to treat 
threatened or habitual abortion. There is ewdence that estrogens are inetiective. 
and there is no evidence from well controled studies that progestogens ae 
effective for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs Embryos with these anomalies are virtually 
always aborted spontaneously Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soen after stopping OCs is unknown. Ht 
the patient has not adhered to the prescribed schedule, consider possible preg- 
nancy at the first missed period {or 45 deys irom the fast menstrual period if 
stogen-only OCS are used} and discontinue OC use until pregnancy has 
en ruled out. For any patient who has missed two consecutive periods. rule 
out pregnancy before continuing the OC. if pregnancy confirmed. tell the 
patient about potential risks to the fetus and discuss advisability of continu:ng 
the pregnancy. Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time before attempting to Con- 
ceive. A 3-month period is supported by a study suggesting increased frequency 
of neural tube detects in women impregnated during the first 3 months afer 
cessation of OC use. Do not use progestagen-only of progestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6. Gall Bladder 





Disease’ Studies report increased risk of gall bladder disease in OG or estrogen . 
users. in one study, an increased risk appeared after 2 years of use.and doubled 
affer 4-5 years. in another study, an increased risk was apparent between §.and 
12 months. 7 Carbohydrate and Lipid Metabolic Effects: ‘Because a dec 
pos tolerance has been observed in a signilicant percentage of patients on- 
Cs, prediabetic and diabetic OC users should be carefully observed. An 
increase in triglycerides and total ipids Nas been-observed in OC users. 
but its clinical significance is unknown. B. Elevated Blood Pressure: An increase | 


in blood pressure has bees reported with OC use, Hypertension may omir - 


within a few months of beginning OCs. in the first year of use, medence of ~ 


hypertension may be no higher in UC users than in nonusers. Incidence ih users: 


increases with exposure and in the fifth year of use is 2.5-3 times that in ihe 


first year Age is hiv ed correlated with hypertension in OC-users. Women with. 
a history of elevated blood pressure (hypertension), preexisting renal disease, ~ 
hstary of toxemia or elevated Wood pressure during pregnancy Familial. ten- 
dency to hypertension or its consequences, oF history of excessive weight gain = 
of fluid retention during the menstrual cycle may be. more likely to develop 
eievated biood pressure when given OCs and shouid be monitored closely Even . 
ioe elevated blood pressure may remait within the “normal” range, closely - 
watch elevations, particularly for women with other. risk factors for cardinvascu- 
lar disease or stroke. High blood pressure may oF may not persist after. OC - 
discontinuation, 9. Headache: Discontinue OC and evaluate the cause of onset or l 
exacerbation of migraine or development of a new pattern of headache whichis: 
recurrent, persistent, of severe. 10. Bleeding Irregularities: Draou bieed- 
ing. spotting. and missed menses often make users discontinue DCs. in break 
through bleeding, as in all cases of irregutar bleeding from the vagina, consider 
nonfunctional causes. In undiagnosed persistent OF recurrent abnormal bleeding 
from the vagina, use adequate diagnostic measures to rule out pregnancy oF 
malignancy. I pathology has been exciuded, time or another formulation may 
solve the problem. While potentially usetul in minimizing menstrual irrequiarity, 
change to an OC with a higher estrogen content only if necessary since this may 
‘nerease the risk of thromboembolic disease. Women with a history of Boot 
menorrhea or secondary amenorrhea or young women without i aed 165 
may tend to remain anovulatory or to become amenorrheic.atter OC discontin- 
uation. Women with these preexisting problems should. be advised of this and 
encouraged to use other contraceptive methods. Post-use anovulation, possibly 
prolonged, may occur in women without previous Wreguiarities. A higher imei- 
dence of gaiactorrhea and of pituitary tumors ie.g.. adenomas} has been asso- 
ciated with amenorrhea in former users compared with nonusers, One study 
reported a 16-fold increased incidence of pituitary projactin-secreting tumors 
among patients with pastpill amenorrhea when galactorrhea was present. 1. 
lofertiity: There is evidence of impairment, of fertility in women discontinuing 
OCs in comparison with other contraceptive methods. which appears to be 
independent of duration of use. While impairment diminishes with lime, there is 
an appreciable difference in the results in nulliparous women for OC and other 
groups 30 months after discontinuation of birth control. For pampus women the 
difference is not apparent 30 months after cessation of hag One study 
suggests Chlamydia trachomatis intection. the leading cause o norigenococcal 
PLD. is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC taure. in progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies 13, Breast 
Feeding. OCs in the postpartum period may itertere with lactation by decreas- 
ing quantity and quality of breast milk. A small fraction of OC hormonai agents 
has been identified in miik of mothers receiving OCs. Effects, if any, on the 
breast-fed chid Rave not been determined. if feasible, deter OC use until the 
infant has been weaned. Precautions GENERAL 1. Take a complete medical and 
family history before starting OCs. Pretreatment and periodic physical exams: 
shouid include special reference to blood pressure, breasts. abdomen and pelvic 
— including Papanicolaou smear and relevant jab tests: As a generat rule.. 
s should not be prescribed for longer than 1 year without another physical. 2. 
Under the influence of est -progestogen preparations, preexisting uterine 
lgiomyomata may enlarge. 3. Observe patients with a history of psychic. cepres- 
sion and discontinue OCs # depression recurs to a serious degree. Patents 
becoming significantly depressed while taking OCs should ston the OC and use 
an aiternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fhad retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic or renal insufficiency, 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized 
in patents with impaired liver function and should be administered with caution 
in such patients. 7 OC users may have disturbances in normal tryptophan 
metabolism that may resuit in a relative pyridoxine deficiency. The clinical signif- 
icance is unknown. & Serum folate levels may be depressed by OC use. Since 
the pregnant woman is predisposed to folate deficiency and incidence of folate 
defic increases With increasing gestation. if a woman becomes pregnant 
shortly after stopping OCs. she may have a greater chance of developing tolate 
deficiency and related complications. 9. Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine and liver function tests 
and blood components may be affected by estrogen-containing OCs. For exam- 
ple a. increased sulfobromopnthalein retention. b. increased prothrombin and 
factors Vil, VII. IX, and X decreased antithrombin 3: increased norepinephrine- 
induced platelet agaregability c. increased thyroid binding giobulin {TBG} lead- 
ing to increased circulating total thyroid hormone, as measured hi 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is 
unaltered. d. Decreased pregnanedia! excretion. e. Reduced response to metyra- 
pone test. $ Increased phospholipids and triglycerides. g. Temporarily decreased 
giucose tolerance. 11. Contact jens wearers who develop visual changes of 
changes in jens tolerance should be assessed by an oprinamoog and tempo- 
rary or permanent cessation of wear considered, DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough tineding from 
interactions with rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin 
V chioramphenicol, sulfonamides. nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics. tranquilizers, antimigraine preparations, antihistamines, and 
griseofulvin. OCs may alter effectiveness of such other drugs as orai anticoaqu- 
lants, anticonvulsants, tricyclic antidepressants, antihypertensive agents {e g., 
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porphyria, impaired tenai function, malignant nephrosclerosis (hemolytic uremic 
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WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 

Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
ulerine-relaxant properties, in patients with fertilized defective ova may 
Cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
estimated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 

lf the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 





INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 

CONTRAINDICATIONS: Thrombophlebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 
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progesterone acetate. As a diagnostic test to pregnancy. 

WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
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tion. 4. Detectable amounts of progestin have been identified in the milk of 
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Statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
has been estimated that users are several times as likely to undergo thrombo- 
embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation, and it was not enhanced 
by long-continued administration. 

PRECAUTIONS: A pretreatment physical exam should include special refer- 
ence to breast and pelvic organs and a Papanicolaou smear. This drug may 
cause fluid retention; therefore, carefully observe patients with conditions influ- 


enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. In irregular bleeding per vaginum, bear in mind nonfunc- 
tional causes and perform adequate diagnostic measures. Advise pathologist 
of therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study. Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin 
combinations; therefore, carefully observe diabetic patients receiving progestin 
therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophlebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) 

ADVERSE REACTIONS: Pregnancy: (see Warning box): Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight; 
changes in cervical erosion and secretions; cholestatic jaundice; rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between use of 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence is suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum: 
hemorrhagic eruption; and itching.Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
VII, Vill, IX and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T? uptake values). 


Caution: Federal law prohibits dispensing without prescription. 


MED B-13-S 
| March 1986 
J-6144 
A Century of Caring © 1986 The Upjohn Company 
1886:1986 The Upjohn Company, Kalamazoo, MI 49001 


A 





Í TABLETS 

















lease see adjacent page for brief summary of prescribing information, = 





VIOSBY 





American Journal of Obstetrics and Gynecology Contents 


Founded in 1920 
Copyright © 1987 by The C. V. Mosby Company 





August 


1987 


CLINICAL SECTION 
E Clinical Opinion 





When does a statistical fact become an ethical imperative? 229 
Richard K. Silver, M.D., and John Minogue, D.Min. 
Chicago, Illinois 


Antithyroid drugs: To breast-feed or not to breast-feed 234 
David S. Cooper, M.D. 
Baltimore, Maryland 


E Clinical Articles 


The use of fetal biophysical profile improves pregnancy outcome in 236 
premature rupture of the membranes 

Anthony M. Vintzileos, M.D., Roy Bors-Koefoed, M.D., James F. Pelegano, M.D., 

Winston A. Campbell, M.D., John F. Rodis, M.D., David J. Nochimson, M.D., and 

Vasilios G. Kontopoulos, M.D. 
Farmington, Connecticut (Contents continued on page 7A) 


Vol. 157, No. 2, August 1987. The American Journal of Obstetrics and Gynecology (ISSN 0002-9378) is published monthly by The 
C. V. Mosby Company, 11830 Westline Industrial Drive, St. Louis, Missouri 63146. POSTMASTER: Send address changes to The C. V. 
Mosby Company, 11830 Westline Industrial Drive. St. Louis, Missouri 63146. 


International (airmail)° 


International 

(surface mail) Canada & 
1987 Annual subscription rates U.S.A. All regions Mexico Region 1 Region 2 Region 3 
Institutionst $102.00 $121.00 $142.55 $153.60 $183.85 $214.10 
Individuals $ 59.50 $ 78.50 $100.05 $111.10 $141.35 $171.60 
Students, residentst $ 40.00 $ 59.00 $ 80.55 $ 91.60 $121.85 $152.10 


Single copies are $6.50. Remittances should be made by check, draft, or post office or express money order, in U.S. funds drawn 
through a U.S. bank, payable to this JOURNAL. Claims for missing issues will be serviced only within six months of cover date. Single 
copy prices will be charged on missing issue claims older than six months from cover date. 

“Airmail breakdown—Domestic: First-class and Priority rates for the U.S. and possessions are available upon request. Region 1: 
Central America, islands, and mainland colonies of European countries in The Americas. Region 2: South America. Europe, Egypt, 
Africa (bordering the Mediterranean). Region 3: Asia, Australasia, Africa (other than Mediterranean), Middle East, Far East, The 
Pacific, U.S.S.R. (and constituent Republics). 

tInstitutional (multiple-reader) subscriptions are available to public and private libraries, schools, hospitals, and clinics; city, county, 
state, provincial, and national government bureaus and departments; and all commercial and private institutions and organiza- 
tions. 

{Individual subscriptions and all student-rate subscriptions must be in the names of, billed to, and paid by individuals. All 
student-rate requests must indicate training status and name of institution. 

Subscriptions may begin at any time. 

Second-class postage paid at St. Louis, Missouri, and additional mailing offices. Printed in the U.S.A. Copyright © 1987 by The C. V. 
Mosby Company. 


5A 





Your body doesnt know 
NutraSweet from beans. 


Or peas. Or grapes. Or milk. ssi 
Or chicken for that matter. eit 
Because NutraSweet E> 
brand sweetener is a E j 
dipeptide made of two amino acids. 

(Aspartic acid and phenylalanine as the methyl ester.) 

So even though NutraSweet doesn't come from fresh 
food, it might as well have. Because 
once past the taste buds, its 
digested just like any other 

= simple protein. 

No wonderaspartame has been approved 
"me by the FDA, the WHO, and the di 
regulatory agencies of more than 50 countries. a r 4 

The only people who need to limit their y | 

consumption of products with NutraSweet, 4 
are patients monitoring their “3 
phenylalanine intake. For 


them, an informa- 
m tional label 
_. appears on every 
product containing NutraSweet” brand sweetener. 
If youd like more information, just call 1-800-321-7254. 
Its nice to know that with NutraSweet, 
people who need to cut back on 
sugar are finding it easier to enjoy 
something sweet now and then. 




























Contents continued from page 5A 


The effects of maternal ambulation on the nonstress test 240 
Lawrence D. Devoe, M.D., Martha Arthur, B.S.N., and Nancy Searle, B.A. 
Augusta, Georgia 


Fetal monitoring during emergency obstetric transport 245 
John P. Elliott, M.D., and Rebecca Trujillo, R.N. 


Phoenix, Arizona 


Congenital heart block and cardiac anomalies in the absence of maternal 248 
connective tissue disease 


Lewis Shenker, M.D., Kathryn L. Reed, M.D., Caroline F. Anderson, R.D.M.S., 
Gerald R. Marx, M.D., Richard E. Sobonya, M.D., and Anna R. Graham, M.D. 
Tucson, Arizona 


Factors affecting psychological adjustment to a fetal death 254 
Melody A. Graham, M.A., Suzanne C. Thompson, Ph.D., Mary Estrada, R.N., and 

Margaret Lynn Yonekura, M.D. 

Los Angeles, California 


Erb’s palsy and fetal bruising after external cephalic version: Case 258 
report 
Boris M. Petrikovsky, M.D., Hema N. DeSilva, M.D., and Fred D. Fumia, M.D. 


Farmington and Hartford, Connecticut 


A reusable plastic training model for teaching Papanicolaou smear 259 
technique 


Charles R. B. Beckmann, M.D., M.H.P.E., Daniel L. Clarke-Pearson, M.D., 
and Ray Evenhouse 
Chicago, Illinois 


Multiple primary gynecologic neoplasms 261 
Peter G. Rose, M.D., Edward E. Herterick, B.S., John G. Boutselis, M.D., 

Melvin Moeshberger, Ph.D., and Larry Sachs, Ph.D. 

Columbus, Ohio 


The results of cryosurgical treatment of cervical intraepithelial neoplasia 268 
at one, five, and ten years 


J. L. Benedet, M.D., D. M. Miller, M.D., K. G. Nickerson, M.D., and 
G. H. Anderson, M.B., B.S. 
Vancouver, British Columbia, Canada 


Host defense during pregnancy: Neutrophil chemotaxis and adherence 274 
Peter J. Krause, M.D., Charles J. Ingardia, M.D., Linda T. Pontius, B.S., 

Harry L. Malech, M.D., Tina M. LoBello, B.A., and Eufronio G. Maderazo, M.D. 

Hartford and New Haven, Connecticut 


(Contents continued on page 9A) 


7A 






+ 


+ 


zF 


maa ae riae ow 


seen opie a N) 


2 eee 655 ST 
errs: 


a nse 
KPIA 


ORTHO PHARMACEUTICAL 


CORPORATION 
Raritan, New Jersey 08869 






P, AN. Eg dil 
U YINOL II 


87% patient continuation rate’ 


with Ortho ALL-FLEX*Sis:¢ Diaphragm. 


Easy for patient to insert— 


the Ortho ALL-FLEX* Diaphragm folds easily. 


Easy for patient to correctly position in vagina— 
the Ortho ALL-FLEX* Diaphragm can be compressed 
at any two opposing points around the rim. 


OL II* (2% nonoxynol-9) Contraceptive Jelly — 





lly or secretions can’t accur 





Contents continued from page 7A 


Varicella zoster antibody testing in the care of pregnant women exposed 
to varicella 

James A. McGregor, M.D.C.M., Saralyn Mark, B.A., Gayle P. Crawford, M.D., and 

Myron J. Levin, M.D. 

Denver, Colorado 


Sonographic features of the triploid fetus 
C. Lockwood, M.D., A. Scioscia, M.D., R. Stiller, M.D., and J. Hobbins, M.D. 


New Haven, Connecticut 


Recurrent small for gestational age birth: Perinatal risks and outcomes 
Honor M. Wolfe, M.D., Thomas L. Gross, M.D., and Robert J. Sokol, M.D. 
Detroit, Michigan, and Cleveland, Ohio 


Successful fetal therapy for cystic adenomatoid malformation associated 
with second-trimester hydrops 


Steven L. Clark, M.D., Dennis J. Vitale, M.D., Stephen D. Minton, M.D., 
Ronald A. Stoddard, M.D., and Patty L. Sabey, R.N. 
Provo, Utah 


Labial agglutination secondary to a herpes simplex Il infection 
Bryan J. DeMarco, M.D., R. Scott Crandall, M.D., and Myroslaw M. Hreshchyshyn, M.D. 
Buffalo, New York 


Barriers to receiving adequate prenatal care 
Marilyn L. Poland, Ph.D., R.N., Joel W. Ager, Ph.D., and Jane M. Olson, B.A. 
Detroit, Michigan 


Red blood cell zinc protoporphyrin testing for iron-deficiency anemia in 
pregnancy 

Ron B. Schifman, M.D., James E. Thomasson, M.D., and James M. Evers, M.D. 

Tucson, Arizona 


The normal parturient’s admission temperature 

David B. Acker, M.D., Erica B. Schulman, M.A., Bernard J. Ransil, M.D., 
Benjamin P. Sachs, M.B., B.S., D.P.H., and Emanuel A. Friedman, M.D., Sc.D. 
Boston, Massachusetts 


Age-related changes in the female hormonal environment during 
reproductive life 


Victoria C. Musey, M.D., Delwood C. Collins, Ph.D., Paul I. Musey, Ph.D., 
D. Martino-Saltzman, M.S., and John R. K. Preedy, M.D. 
Atlanta and Decatur, Georgia 


281 


285 


288 


294 


296 


297 


304 


308 


312 


(Contents continued on page 11A) 


9A 





RNO SIAT- 


This AccuPoint™ Test Disc is ally a 2-inch lab. As part of the new 
AccuPoint hCG Pregnancy Test, it offers the ultimate in sensitivity, versatility  - 

_ and convenience by detecting hCG levels as low as 20 mIU/ mL—using be 
urine or serum samples. 

The same AccuPoint Test Disc is sihe focus of a growing pelem of non- - 
instrumented, in-office tests offered by Syntex, one of the most trusted names in 
health care. 

All AccuPoint diagnostic tests offer similar protocols, so it's simple to 
administer a series of tests—such as Rubella, Toxo and the hCG Pregnancy Test : 

for optimum patient care. 
, Fill out and mail the coupon below for our special offer. And start 
enhancing your practice now, with the AccuPoint 2-inch lab. 


— a —— — es ——- — — a — —— ——— —— — — e= —— ——— -—— —— —— —— — -— eee -n u —— -— 





\ C | {| Please send me one AccuPoint hCG 30-Test Kit and bill me = $5995 
= IFES- o- (plus $9.35 handling charge)... — 
a ATARIT OT. Please contact me with more information on other AccuPoint tests. 
ze I — TH a = Mail to: Syntex Medical Diagnostics, Mail ap 1-130, 900 Arastradero Road, 






Palo Alto, CA 94304 


= = niGRour | PARTNERSHIP === CSOLO oe —UYCLINIC = CT HOSPITAL 
“anc California, 800-428-3008) se usta a Bee z 
5 —- Sae xMedicat Diagnostics nS 


COILA and pment rsd Dinistan Al Quis Gr Dalen Alin CA oara : - : A87 OBG8214 408C | 


Contents continued from page 9A 


Evidence that estrogen may be a key factor in hyperprolactinemic 318 
anovulation: A case report 

Hideki Sakamoto, M.D., Konbai Den, M.D., Yasumasa Kondo, M.D., Katsuo Tsubata, M.D., 

and Shigeo Takagi, M.D. 

Tokyo, Japan 


Modulating actions of estradiol on gonadotropin-releasing 320 
hormone-stimulated prolactin secretion in postmenopausal individuals 

Elisabeth Christiansen, M.D., Johannes D. Veldhuis, M.D., Alan D. Rogol, M.D., Ph.D., 

Paul Stumpf, M.D., and William S. Evans, M.D. 

Charlottesville, Virginia, and Neptune, New Jersey 


Increased thromboxane biosynthesis in normal pregnancy is mainly 325 
derived from platelets 


D. J. Fitzgerald, M.B., G. Mayo, R.N., F. Catella, M.D., S. S. Entman, M.D., and 
G. A. FitzGerald, M.D. 
Nashville, Tennessee 


Preeclampsia, delivery, and the hemostatic system 331 
Abdelaziz A. Saleh, M.D., Ph.D., Sidney F. Bottoms, M.D., Robert A. Welch, M.D., 

Abdelkarim M. Ali, M.D., Federico G. Mariona, M.D., and Eberhard F. Mammen, M.D. 

Detroit, Michigan 


Elevated maternal serum a-fetoprotein levels and oligohydramnios: Poor 336 
prognosis for pregnancy outcome 


Susanna N. Dyer, M.S.N., Barbara K. Burton, M.D., and Lewis H. Nelson, M.D. 
Winston-Salem, North Carolina 


Mycotic aneurysms in pregnancy 340 
Guy M. Boike, M.D., Norman Gove, M.D., Mitchell P. Dombrowski, M.D., 

Gunter Deppe, M.D., and Robert J. Sokol, M.D. 

Detroit, Michigan 


A screening test (GBS-Test) for urogenital Carriage of group B 341 
streptococci 


Karen Christensen, M.D., Ph.D., and Poul Christensen, M.D., Ph.D. 
Lund, Sweden 


Fetal growth retardation as a complication of pregnancy in patients with 343 
neurofibromatosis 


Isaac Blickstein, M.D., and Moshe Lancet, M.D. 
Rehovot, Israel 


y-Glutamyl transferase and mean cell volume reveal maternal alcohol 344 
abuse and fetal alcohol effects 


Olavi Ylikorkala, M.D., Ph.D., Ulf-Hakan Stenman, M.D., Ph.D., and 
Erja Halmesmäki, M.D. 


Helsinki, Finland (Contents continued on page 12A) 


11A 


Contents continued from page 11A 


Progesterone synthesis by human amnion, chorion, and decidua at term 


B. F. Mitchell, M.D., J. R. G. Challis, Ph.D., D.Sc., and L. Lukash, B.Sc. 
London, Ontario, Canada 


Antepartum predictors of fetal distress in postterm pregnancy 
Clifford J. Bochner, M.D., Arnold L. Medearis, M.D., Jane Davis, M.D., 

Gary K. Oakes, M.D., Calvin J. Hobel, M.D., and Maclyn E. Wade, M.D. 

Los Angeles, California 


Ultrasound diagnosis of abruptio placentae with fetomaternal 
hemorrhage 

Michael S. Cardwell, M.D. 

Rockford, Illinois 


Acute atherosis in preeclampsia: Maternal determinants and fetal 
outcome in the presence of the lesion 
T. Y. Khong, M.B., M.Sc., J. M. Pearce, and W. B. Robertson, M.D. 


London, England 


increased fetoplacental active renin production in pregnancy-induced 
hypertension 

Harbinder S. Brar, M.D., Siri L. Kjos, M.D., William Dougherty, M.D., 

Yung-Shun Do, Ph.D., Helen B. Tam, and Willa A. Hsueh, M.D. 

Los Angeles, California 


Digoxin-like immunoreactive substance in fetuses with and without 
cardiac pathology 
C. P. Weiner, M.D., S. Landas, M.D., and T. J. Persoon, M.S. 


Iowa City, Iowa 


Scalp heat flux and its relationship to scalp blood pH of the fetus 
Rudolf Rudelstorfer, M.D., Georg Simbruner, M.D., Vinay Sharma, M.B., and 
Herbert Janisch, M.D. 

Vienna, Austria 


Neonatal seizures after cesarean delivery: Higher risk with labor 
William N. Spellacy, M.D., Paul Q. Peterson, M.D., Ann Winegar, M.S., and 
Edward J. Quilligan, M.D. 

Chicago, Illinois, and Davis, California 


Primary cesarean section and subsquent fertility 
Anita Parnes LaSala, M.D., and Alan S. Berkeley, M.D. 
New York, New York 


A study on intrauterine fetal resuscitation with terbutaline 

Michael S. Patriarco, D.O., Bruce M. Viechnicki, M.D., Thomas A. Hutchinson, M.D., 
Stephen K. Klasko, M.D., and Sze-Ya Yeh, M.D. 

Allentown, Pennsylvania 


12A 





349 


353 


358 


360 


363 


368 


372 


377 


379 


384 


Contents 


A randomized trial of ritodrine tocolysis versus expectant management 
in patients with premature rupture of membranes at 25 to 30 weeks of 
gestation 

Thomas J. Garite, M.D., Kirk A. Keegan, M.D., Roger K. Freeman, M.D., and 

Michael P. Nageotte, M.D. 

Long Beach, California 


Detection of Chlamydia trachomatis cervical infection: A comparison of 
Papanicolaou and immunofluorescent staining with cell culture 

Thomas C. Quinn, M.D., Prabodh K. Gupta, M.D., Ronald T. Burkman, M.D., 

Elizabeth W. Kappus, B.S., Marguerite Barbacci, B.S.N., M.P.H., and 

Michael R. Spence, M.D., M.P.H. 

Bethesda, Maryland 


Genetic heterogeneity of prematurity and intrauterine growth retardation: 


Clues from the Old Order Amish 
Muin J. Khoury, M.D., Ph.D., and Bernice H. Cohen, Ph.D., M.P.H. 
Baltimore, Maryland 


Fetal weight estimation formulas with head, abdominal, femur, and thigh 
circumference measurements 

Anthony M. Vintzileos, M.D., Winston A. Campbell, M.D., John F. Rodis, M.D., 

Roy Bors-Koefoed, M.D., and David J. Nochimson, M.D. 

Farmington, Connecticut 


In utero ponderal index as a prognostic factor in the evaluation of 
intrauterine growth retardation 


S. Yagel, D. Zacut, S. Igelstein, Z. Palti, A. Hurwitz, and B. Rosenn 
Jerusalem, Israel 


Nerve entrapment after Pfannenstiel incision 

William C. Sippo, M.D., Captain, MC, USA, Anne Burghardt, M.D., Major, MC, USA, and 
Alphonse C. Gomez, M.D., Colonel, MC, USA 

El Paso, Texas 


Treatment of polyhydramnios with prostaglandin synthetase inhibitor 
(indomethacin) 

Dominique Cabrol, M.D., Robert Landesman, M.D., Joel Muller, M.D., 

Michele Uzan, M.D., Claude Sureau, M.D., and Brij B. Saxena, PhD DSe, 

New York, New York, and Paris, France 


Human leukocyte antigen associated with endometrial carcinoma with a 
new classification of endometrial carcinoma based on its etiology 
Tatsuya Kanuma, M.D., and Masao Igarashi, M.D., Ph.D. 


Maebashi, Japan 


388 


394 


400 


410 


415 


420 


422 


427 


(Contents continued on page 14A) 


13A 


Contents continued from page 13A 


An evaluation of squamous cell carcinoma antigen in patients with 433 
cervical squamous cell carcinoma 

Elizabeth K. Senekjian, M.D., J. Maitland Young, Ph.D., Patricia A. Weiser, R.N., 

Cheryl Eck Spencer, M.S., Susan E. Magic, M.A., and Arthur L. Herbst, M.D. 

Chicago, Illinois 


Neonatal auditory acuity following in utero vibratory acoustic stimulation 440 
G. Ohel, M.D., E. Horowitz, M.D., N. Linder, M.D., and H. Sohmer, M.D. 


Jerusalem, Israel 


Breakage of a fetal scalp blade with retention of fragments in the 441 
infant’s scalp 
Phillip Nieburg, M.D., M.P.H., and Steven J. Gross, M.D. 


Boston, Massachusetts, and Atlanta, Georgia 


Review of causes of perinatal mortality in a regional perinatal center, 443 
1980 to 1984 
Arne Ohlsson, M.D., Andrew T. Shennan, M.B., and Toby H. Rose, M.D. 


Toronto, Ontario, Canada 


Mexiletine use in pregnancy and lactation 446 
Holly E. Lownes, M.D., and Timothy J. Ives, Pharm.D. 
Chapel Hill, North Carolina 


BASIC SCIENCE SECTION 





Vasopressin-induced bradycardia in fetal and adult sheep is not 448 
dependent on an increase in blood pressure 

Margaret A. Harper, M.D., and James C. Rose, Ph.D. 

Winston-Salem, North Carolina 


In vivo and in vitro modulation of growth hormone and prolactin of a 453 
mixed somatotropic-lactotropic pituitary microadenoma 

Eberhard K. Muechler, M.D., Ko-En Huang, M.D., Joseph V. McDonald, M.D., and 

Loretta Tang, Ph.D. 

Rochester, New York 


Local cerebral glucose utilization in fetal sheep exposed to noise 456 
R. M. Abrams, Ph.D., A. A. Hutchison, M.B., Ch.B., K. J. Gerhardt, Ph.D., 

S. L. Evans, B.S., and J. Pendergast, Ph.D. 

Gainesville, Florida 


Transplacental stimulation of functional and morphologic fetal rabbit lung 460 
maturation: Effect of thyrotropin-releasing hormone 

Uday Devaskar, M.D., Kenneth Nitta, M.D., Karl Szewczyk, M.D., H. Farouk Sadiq, M.D., 

and Daphne deMello, M.D. 

St. Louis, Missouri 


14A 





l he ¢ effect of severing the spinal cord of fetal lambs on length of 
z -gestation 

< Romana A. Nowak, Ph.D., Susan E. Samaras, B.S., Mary C. Chorney, M.S., D. V.M., 
a 7 . ‘Daniel R. Hagen, Ph. D., and Philip L. Dziuk, Ph.D. 

Urbana, Illinois 
























_ The effects of proteolytic enzymes on in vitro ovulation in the rabbit 
- Yasunori Yoshimura, M.D., Rosemary Santulli, B.S., Susan J. Atlas, Ph.D., 
Shingo Fujii, M.D., and Edward E. Wallach, M.D. 

Baltimore, Maryland 


Disruption of embryonic and fetal development due to preimplantation 
~ chemical insults: A critical review 


| Philip M. Iannaccone, M.D., Ph. D., Nancy L. Bossert, B.A., and Camille S. Connelly, BA. 
Chicago, Illinois 


YNECO LOGIC SURGERY 


i ae I nenna aminan dedana nekni aaaeeeaa AO naaa anaa EAA iA AAA i, 


-Treatment and- prevention of female pelvic infection: The quest for 
single-agent therapy © 

F. Gary Cunningham, M. D. 

- Dallas, Texas 


: Single-agent therapy for women with acute polymicrobial pelvic 
= infections | 


i David L. Hemsell, M.D., Molly C. Heard, R.A., Brenda J Nobles, and 
Sv: — Patricia G. Hemsell, R.A. 
pa Dallas, Texas 


` Changing concepts in obstetric antibiotic prophylaxis 
RED on P: Galask, M.D. 


-— Single-dose prophylaxis for vaginal and abdominal hysterectomy a 
= David L. Hemsell, M.D., Molly C, Heard, R.A., Brenda J. Nobles, Roger E. Bawdon, Ph. D., 
n - and Patricia G. Hemsell, R.A. 

ai Dallas, Texas 





nn’ ‘Single-dose versus 5 multiple-dose piperacillin prophylaxis in primary 
<- -cesarean operation 

~ Stanley A. Gall, M.D., and Gale B. Hill, Ph.D. 

Chicago, 1 Ilinois, and Durham, North Carolina 


(Contents continued on page 16A) _ 
15A o A 




















Contents continued from page 15A 


~~ Cost-effective use of antibiotic prophylaxis for cesarean 1 section a 
: Larry € C. Ford, M.D., Hunter A. Hammil, M.D., and Thomas B. Lebherz, M. D. 
a oo Los Angeles, California 





ee ~ Questions from the audience 





€ CORRESP O NDENCE NC E 


con "Profound hypotension complicating magnesium therapy Emeric P. Frohlich, Dr.Med. Johannesburg, South Africa 


iat tener jometentiereettras tintin 





AAA ION AAA IANA AROMA ERM RATESHEET MEAN CARIN AMRECAANNADIRIY ANAC PE AACN MASI 





= 











heart rate monitoring G. S. Dawes and C. W. G. Redman Headington, Oxford, England 5143 = 
ely Telichiro Fukushima, M.D., Ezra C. Davidson, Jr., M.D., and Edward H. Hon, M.D. Los Angeles, California 514 
e ‘Recurrent spontaneous abortion and human leukocyte antigen DRw8 Masaru Takamizawa, M.D., 


a Takeo Juji, M.D., Hiroko Tsuneyoshi, Ph.D., Mie Nieda, Ph.D., Tomoyuki Fujii, M.D., Takashi Kawana, M.D., and 
Masahiko. Mizuno, M.D. Tokyo, Japan 514 


"Myocardial infarction in the puerperium Harold N. Feldman, M.D. East Hanover, New Jersey 515 





: Reply Leslie iy, M.D., Willem ten Hove, M.D., and Garry Frisoli, M.D. Newark, New Jersey 516 





$ ~~ Venous thrombosis in patients with cardiac pacemakers and oral contraceptive use Gopal Rao, M.D. 
E Pittsburgh, Pennsylvania 516 


í | Femininity—a problem(?) Eduard Eichner, M.D. Shaker Heights, Ohio 517 


ae i -Definitions ot sensitivity, specificity, false negative results, and false positive results Mark D. Kolins, M. LD. a 
i : Paes Michigan 517 poe 


ge Haemophilus influenzae infection and midtrimester abortion Marvin S. Amstey, M. D., and Edward © Ogden,» M. ED. 
"Rochester, New York 518 À BEE s 





Books received pi Oo -519 ae 


“ITEMS 


Items 

















Information for authors on pages 234A, 24A, and 254 





Index to advertisers on page 39A 





“Authorization to photocopy. items for internal or personal use, or the menas or persona 
l E Vv. Mosby Company for libraries and other users registered with the Copyright: CI 
Reporting Service, provided that 10¢ per page is paid directly to CCC, 29 Congress St., Sa 
The U.S. Government retains a nonexclusive, royalty- -free license i in, and to tan cops rig : 
a oa aea 0002- 9378/87 guia 00 + 10. eee 





























HOW MANY a 
DRUG ADDICTS HAVE 
YOU DELIVERED? 





-ven one more addict 
adds to the staggering number of drug abusers 
in our society. You, as a physician, are in a unique position to 
help reduce this number. Just ask your patient a simple question during 
her initial workup: Are you using drugs? Asking about drug use is no more an 
invasion of privacy than asking about exposure to German measles. It's 
just as important to her baby's health. And knowing about it may 
prevent serious problems for you, mother, and baby. Hell 
free this generation—and the next—from drugs. 
Remember... 


You'll never know unless you ask. 
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Medical Staff Fellowships In Genetics, 


Endocrinology. 


, And 


Developmental Biology At NIH 


The National Institute of Child Health and Human Development of the 
National Institutes of Health is offering a limited number of three-year Medical 
Staff Fellowship positions to candidates of the highest caliber. Fellowships begin 
July 1, 1989 and 1990. Positions are available for physicians who have completed 
at least two years of training in Internal Medicine, Pediatrics, or Obstetrics and 


Gynecology. Other medical specialty credentials will be considered on a case by case 
basis. Candidates must be United States citizens or permanent residents; graduates 


of foreign medical schools must be certified by the ECFMG. (Non-citizens wishing 
only laboratory experience may apply for the Fogarty Visiting Fellowship and do 
not need ECFMG certification. ) 


The training program consists either of one clinical year and two years of 
laboratory-based research (satisfying the requirements for the Subspecialty Boards in 
Human Genetics, Adult or Pediatric Endocrinology, or Gynecologic Endocrinology), 
or three years of laboratory research exclusively. The endocrinology fellowships are 
integrated with the NIH Interinstitute Endocrinology Fellowship Program, and the 


human genetics fellowships are integrated with the NIH Interinstitute Medical 

Genetics Program. The gynecologic-endocrinology fellowship is integrated with 

programs at the Walter Reed Hospital and the National Naval Medical Center. 
For those selecting clinically oriented fellowships, research experience 


will be obtained in the Laboratory or Branch of the Fellow’s choice from among the 
Institute's three clinical research Branches and nine basic science Laboratories. For 


those candidates selecting laboratory research exclusively, these same choices are 
available. 

The major emphasis of the NICHD Intramural Research Program is on 
basic and clinically applied research in the broad area of developmental biology. 
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Faculty Position 
in Maternal-Fetal Medicine 


The Department of Obstetrics and Gynecology at Wright State 
University School of Medicine invites applications for a full-time 
faculty position in Maternal-Fetal Medicine combined with the 
position of Medica! Director of a regional perinatal care center. 


Primary duties will include the teaching of medical students and 
residents, the pursuit of scholarly activities, and the medical 


administration of the perinatal center which includes the obstet- 


rical unit and the labor and delivery suite. 


Applicant qualifications include the M.D. degree, board certifi- 
cation in obstetrics and gynecology, licensibility to practice 
Medicine in Ohio, completion of a fellowship in maternal-fetal 
medicine, board eligibility or certification in maternal-fetal 
medicine, and extensive training and experience in perinatal 
medicine and administration of health services. Academic rank 
and salary will be commensurate with qualifications and profes- 
sional experience. Please send curriculum vitae and the names 
of three references to: John J. Halki, M.D., Ph.D., Chair and 
Program and Director, Department of Obstetrics and Gynecol- 
ogy, Wright State University School of Medicine, 1 Wyoming 
Street, Dayton, OH 45409. 

The Wright State University School of Medicine is an Affirmative 
Action and Equal Opportunity Employer. 

All applications received by September 30, 1987 will be con- 
sidered; if the position is not filled therefrom; applications will be 
considered as received until the position is filled. 





OB-GYN 


OB-GYN TEACHING FACULTY AT 
TRUMAN Medical Center/East, one of 
two teaching hospitals for the Univer- 
sity of Missouri-Kansas City School of 
Medicine. Joint faculty appointments 
in Departments of Family Medicine 
and OB-GYN. Primary responsibilities 
teaching OB and office GYN to Family 
Practice residents, performing GYN 
surgery, some lesser involvement with 
medical students, and consultation in 
high-risk pregnancy problems as they 
present. Competitive salary, excellent 
fringes, opportunities for additional 
practice, if desired. Contact Family 
Medicine Department, University of 
Missouri-Kansas City School of 
Medicine, Truman Medical Center- 
East, 7900 Lee’s Summit Road, Kan- 
sas City, MO 64139. (816) 373-6228. 
Attention: Thomas A. Nicholas, M.D., 
Chairman. 
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regarding republication of their material. 

When submitting a manuscript, an author should 
include, if applicable, a full statement about all submis- 
sions and prior reports in any medium that might be 
regarded as prior or duplicate publication of the same or 
similar work. Copies of such material should be included 
with the submitted manuscript. Articles previously pub- 
lished in another language will not be considered. 

It is assumed by the Editors that articles emanating | 
from a particular institution are submitted with the 
approval of the requisite authority. Articles dealing with 
human experimentation that require local institutional 
approval must have this approval prior to submission of the 
article for publication and it should be so indicated in the 
Methods section. Reports of experiments on animals must 
indicate which guidelines for the care and use of the 
animals were followed. 

Statements and opinions expressed in articles and com- 
munications herein are those of the author(s) and not nec- 
essarily those of the Editor(s) or Publisher and the Edi- 
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General requirements for preparation of manuscripts 

The original and two good-quality copies of the manu- 
script and three glossy prints of illustrations are 
required, 

Manuscripts must be typed double spaced on one side 
only on 22 by 28 cm (8 1/2 by 11 inch) white bond paper 
with 1 inch margins at top, bottom, and sides. Number 
pages consecutively in the upper right-hand corner in the 
following order: title page, abstract, body of text, refer- 
ences, legends, and tables. 

Title page. The title page should contain in sequence the 


title (concise and suitable for indexing purposes); author 


line with first name, middle initial, and last name of all 
authors and their highest academic degree (both M.D. and 
Ph.D. are acceptable); city(ies), state(s) in which the study 
was conducted; divisional, or departmental, and institu- 
tional affiliations at the time the study was performed; 

acknowledgement of source(s) of support; presented line, if 
_ applicable; disclaimers, if any; name and address of author 


= tg. whom requests for reprints should be addressed (if 


reprints will not be available, it should be so stated); and 
name and address of author responsible for correspondence 


>o o concerning the manuscript if different from author to 

. whom reprint requests are addressed. At the bottom of the 

title page supply a short title for the running head not 
oe exceeding: 52 characters (including word spaces). 


Abstract page and key words/phrases. On manuscript 


E l a two is the abstract, also typed double spaced with the 
required margins and headed by the title of the article and 


author(s) name(s). Abstracts for regular articles, Current 
Investigation, Clinical Opinion, and Current Development 
may not exceed 150 words. Abstracts for case reports and 
brief communications may not exceed 50 words. Below the 
abstract list 3 to 5 Key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
_ first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
-generally more effective for describing techniques or 
observations since the emphasis is on the “action” rather 
than the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors, Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
-practical minimum. The full term for which an abbrevia- 
_ tion stands should precede its first use in the text unless it is 
a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
name of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
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rationale for the al an ‘ite > only the most ‘pertinent C 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations to those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. — = 

References. A reasonable number, except for case 7 
reports and brief communications, limited to 2 2, and Cur- 
rent Development, for which there is no iinit Number 
references consecutively in the order in which they are 
mentioned in the text. Use the format of the “Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals.” Journal titles should conform to abbreviations | 
used in Cumulated Index Medicus. | AF 








Illustrations and tables. A reasonable number of ‘half ee 


tone and line illustrations will be- reproduced with 
charge, but special arrangements must be made w 
Editers for color reproduction. For color photographs. 
submit original transparencies and two sets of unmounted - 





prints on glossy paper with good color balance. For. black : i 
and white illustrations, submit three sets of 3 by 4inch o 


(minimum) to 5 by 7 inch (maximum) unmounted glossy 
photegraphic prints. Figures must be cited consecutively i in 


the text in Arabic numerals and identified thusly on the 
back of the print (gummed label with author(s). name(s), Gary, aie 
title of article, number, and top marked clearly). Do not gan 
use paper clips. Legends must accompany all figurës; typen 
double spaced on a single sheet of paper if. possible and- Se 
number with manuscript in sequence after the references. 
Titles should be included in the legend, not on the: print. ae 
All lettering must be done with commercially available 
paste-on letters (or numbers) or by a professional; typed or on 








freehand lettering is not acceptable. All lettering must be — 





in proportion to the drawing, graph, or photograph. Origi- n 
nal drawings, appropriately done in black India ink 


roentgenograms, and other material must be submitted as 
glossy photographic prints with. good black. and white 
contrast. Consistency In size: within the article i is strongly : 


preferred. Any special instructions regarding sizing should g 
be clearly noted. Illustrations will be returned oth Oe the = 


author’s request. 7 DE ha 
Tables should be typed . on separate sheets of ‘paper a and o ee 








Estimating length of manuscript 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200 word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7 page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double spaced with the required 1 inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 typed words in manuscript. Thus if a 
greater number of illustrations and tables are used, the length of the text should be adjusted 


accordingly. 


included at the end of the text, one to a page. They should 
be numbered in Roman numerals. Each table must be cited 
in sequence at an appropriate point in the text. Captions 
should be brief yet indicate clearly the purpose or content 
of each table and each column precisely defined by 
headings. Abbreviations and special designations should be 
explained in a footnote to the table. Special arrangements 
must be made with the Editors for elaborate tables because 
of space limitations. 

Illustrations and tables should supplement, not dupli- 
cate, the text; presentation in either one or the other will 
suffice. 

Permissions and photographic consent. Previously pub- 
lished tables and figures must be correctly referenced and 
written permission from the copyright holder included with 
the manuscript. Photographs of identifiable persons must 
be accompanied by signed releases or else all recognizable 
features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for a regu- 
lar article. 

Clinical Opinion. Limit of 3000 words, 16 references. 
Include abstract of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
zonsidered for publication. (1) A Letter to the Editors 
>ommenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
etters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
ogether with a reply from the original author. As space for 
etters is limited, only a selection of letters submitted may 
ye published. (2) A brief case presentation or a short report 
f a pertinent observation in the form of a Letter to the 
iditors will be considered for publication. All letters 





should be typed double spaced. Letters should be sent to 
Dr. Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. and the fee 
must accompany the request to publish. Information will 
be limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C. .V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints. Reprints of articles must be obtained from the 
author. The corresponding author will receive a price 
schedule and order form at the time of publication. 
Reprints in quantities must be ordered from the Publisher 
with the author’s consent. 

Business communications. Communications of a busi- 
ness nature and all advertising communications should be 
addressed to: Journal Publisher, The C. V. Mosby Compa- 
ny, 11830 Westline Industrial Drive, St. Louis, Missouri 
63146, or call Journal Advertising Production Manager 
(314) 872-8370. 
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—Permission to reproduce published material 


25A 


Withdrawal Bleeding in the ERT Patient 
Necessity or Nuisance? 


E] To protect against the endometrial hyperplasia that may 
result from continuous, unopposed estrogen administration, 
cyclical estrogen/progestogen therapy is often given.! But this 
may induce withdrawal bleeding, unacceptable to many patients. 


E] Progestogen initiates bleeding only when the endometrial 
mucosa is stimulated to the threshold level by the estrogen. 


More women on Ogen 
free of withdrawal bleeding” 


42% 
OGEN 
40% f 18% 
CONJUGATED 
ESTROGENS 


20% | 


Patients received Ogen 1.25 (n=45) or conjugated equine estrogens 0.625 mg 
(n=50) days 1-24 over 3 monthly cycles. All patients also received a 
progestational agent days 15-24. Adapted from Wren, et al. 


[E] Studies23 suggest that Ogen® (estropipate ) produces less withdrawal 
bleeding...at doses that effectively protect patients from symptoms 
of menopause. 


| Abbott Pharmaceuticals, Inc. 
7013807R | _ North Chicago, Illinois 60064 





OGEN ‘estropipate) Induces Less Withdrawal Bleeding 





(estropipa te) 


Only estrone. Identical to the body’s own. 


OGEN’ 
ESTROPIPATE TABLETS, USP 
Tablets 


































































WARNING: 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. 

Three independent case contro! studies have shown an increased 
risk of endometrial cancer in postmenopausal women exposed to ex. 
ogenous estrogens for prolonged periods. This risk was independent 
of the other known risk factors for endometrial cancer. These studies 
are further supported by the finding that incidence tates of endome- 
tial cancer have increased sharply since 1969 in eight different 
- areas of the United States with population-based cancer reporting 
systems. an increase which may be related to the rapidly expanding 
use of estragens during the last decade. 

The three case contre! studies reported that the risk of endometr. 
al cancer in estrogen users was about 4 § to 13.9 times greater than 
in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. in view of these findings, when estrogens are 
used for the treatment of menopausal symptoms, the lowest dose 
that will control symptoms should be utilized and medication should 
be discontinued as soon as possible. When prolonged treatment ts 
medically indicated, the patient should be reassessed on at least a 
>} semiansual basis to determine the need for continued therapy. Al- 
though the evidence must be considered preliminary, one study sug 
gests that cyclic administration af low doses of estrogen may carry 

less risk than continuous administration, H therefore appears prudent 
to stilize such a regimen. 

Close clinical surveillance of al! women taking estrogens 3s impor 
tant. In afl cases of undiagnosed persistent or recurring abnormal 

vaginal bleeding, adequate diagnostic measures should be underta: 
ken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more 

or less hazardous than “synthetic” estrogens at equiestrogenic doses. 


2. OGEN SHOULD NOT BE USED DURING PREGNANCY. 

According to some investigaters, the use af female sex hormones, 
both estrogens and progestogens. during early pregnancy may se- 
riously damage the offspring. Studies have reported that females ex- 
posed in utero to diethylstibestrol, a non-steroidal estrogen, have an 
increased risk of developing in later hife a form of vaginal or cervical 
cancer that is ordinarily extremely rare. In one of these studies. this 
risk was estimated as not greater than 4 per 1000 exposures. Further- 
more, there are reports that a high percentage of such exposed 
women (from 30 to 90 percent) have been found to have vaginal ad 
enosis, epithelial changes of the vagina and cervix. Although these 
reported changes are histologically benign. the investigators have 
not determined whether they are precursors of adenocarcinoma. 

Several reports suggest an association between intrauterine expa- 
sure to female sex hormones and congenital anomalies m the off. 
spring, including heart defects and limb reduction defects. One case 
control study estimated a 4.7 fold increased risk of limb reduction 
defects in infants exposed in utero te sex hormones (oral contracep- 
tives, hormone withdrawal tests for pregnancy, or attempted treat. 
ment for threatened abortion}. Some of these exposures were very 
short and involved only a few days of treatment. The data suggest 
that the risk of limb reduction defects in exposed fetuses is some- 
what less than | per 1000. 

in the past. female sex hormones have been used during pregnan 
cy in an attempt to treat threatened or habitual abortion. UGEN has 
not been studied for these uses. and therefore should not be used 
during pregnancy. There is no evidence from well controlled studies 
that progestagens are effective for these uses. 

H OGEN {estropipate tablets) is used during pregnancy, or if the 
patient becomes pregnant while taking this drug, she should be ap- 
prised of the potential risks to the fetus, and the question of continu: 
ation of the pregnancy should be addressed. 


INDICATIONS AND USAGE 
The cyclic administration of OGEN {estropipate tablets) is indicated for 
the treatment of estrogen deficiency associated with (See “DOSAGE AND 
ADMINISTRATION” section}: 

1. Moderate to severe vasomotor symptoms of menopause. (There is 
no evidence that estrogens are effective for nervous symptoms ur depres 
sion which might occur during menopause, and they should not be used to 
treat these conditions.) 

2. Atrophic vaginitis. 

3. Kraurasis vulvae. 

å. Female hypogonadism. 

5. Female castration. 

6. Primary ovarian failure. 

OGEN {ESTROPIPATE TABLETS) HAS NOT BEEN TESTED FOR 
EFFICACY FOR ANY PURPOSE DURING PREGNANCY. SINCE ITS 
EFFECT UPON THE FETUS IS UNKNOWN, IT CANNOT BE RECOM- 
ey ANY CONDITION DURING PREGNANCY (SEE BOXED 


CONTRAINDICATIONS 
N should not be used in women with any of the following conditions: 

1. Known or suspected cancer of the breast. 

2. Known or suspected estrogen- dependent neoplasia. 

3. OGEN may cause fetal harm when administered to a pregnant 
waman. OGEN is contraindicated in women who are or may become preg: 
nant (See Boxed Waring). 

4 Undtagnosed abnormal genital bleeding. 

5. Active thrombophlebitis ot thromboembolic disorders. 

6. A past history of thrombophlebitis, thrombosis, or thromboembolic 
disorders associated with previous estrogen use. 


. WARNINGS 
1. faductian of malignant neoplasms. Long-term continuous administra 
ton of natural and synthetic estrogens in certain animal species has beer 
-. separted by some investigators to increase the frequency of carcinomas af 
the breast, cervix, vagina, and fiver. There is now evidence thal estrogens 
increase the risk of carcinoma of the endometrium in humans. (See Boxed 
Warning), 

At the present time there is no conclusive evidence that estrogens 

wen to postmenopausal women increase the risk of cancer of the breast. 
ere are, however, a few retrospective studies which suggest a small but 
Statistically significant increase in the risk factor for breast cancer among 
these women. Therefore, caution should be exercised when administering 
estrogens to women with a strong family history of breast cancer or wha 
have breast nodules. fibrocystic disease, or abnormal mammograms. Care- 
ful breast examinations should be performed periodically. 

2. Gall bladder disease. A recent study has reported a 2 to 3-fold in- 
crease in the risk of surgically confirmed gall bladder disease in women te- 
ceiving postmenopausal estrogens, similar to the 2-foid increase previous- 
ly noted in users of oral contraceptives. In the case of oral contraceptives, 
the increased risk appeared after two years of use. 

3. Effects similar to those caused by estrogen -progestegen oral con 
tracentives. There are several serious adverse effects of oral contraces- 
tives. most of which have not. up to now, been documented as conse- 
quences of postmenopausal estrogen therapy. This may reftect the com- 
paratively low doses of estrogen used in postmenopausal women. i would 


be expected that the larger doses of estrogen used to. reat postpartum 
breast engorgement would be more likely to result in these adverse af- 
fects, and, in fact, it has been shown that there is an increased risk of 
thrombosis in women receiving estrogens for postpartum breast engorge- 
ment. 

a. Thromboembotic disease. h is now well established that users of 
oral contraceptives have an increased risk of various thramboembalic and 
thrombotic vascular diseases. such as thrombophiebitis, pulmenary embo- 
lism, stroke, and myocardial infarction. Cases of retinal thrombosis, 
mesenteric thrombosis, and optic neuritis have been reported in oral con. 
traceptive users. There is evidence that the risk of several of these ad- 
verse reactions is related to the dose of the drug. An increased risk of pest- 
surgery thromboembolic complications has also been reported in users of 
otal contraceptives. If feasible. estrogen should be discontinued at least 4 
weeks before surgery of the type associated with an increased risk of 
thromboembolism: it should aiso be discontinued during periods of pro- 
longed immobilization. 

While an increased tale of thromboembolic and thrombotic disease in 
postmenopausal users of estrogens has not been found this does not rule 
out the possibility that such an increase may be present of that subgroups 
of women who have underlying tisk factors or whe are receiving relatively 
large doses of estrogens may have increased risk. Therefore estregens 
should not be used in persons with active thrambophiebitis or thromboem- 
bolic disorders, and they should not be used in persons with a history of 
such disorders in association with estrogen use. They should be used with 
caution in patients with cerebral vascular of coronary artery disease and 
only for thase in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day). compara- 
tie to those used to treat cancer of the prostate and breast. have been 
shawn in a large prospective clinical trial in men te increase the risk of 
nonfatal myocardial infarction, pulmonary embolism and thrombophlebitis 
When estrogen doses of this size are used. any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceplive use should 
be considered a clear risk, 

b Hepatic adenoma. Benign hepatic adenomas appear to be associat- 
ed with the use of oral contraceptives. Although benign, and rare, these 
may rupture and cause death through intraabdomiaal hemorrhage. Suck le- 
sions have not yet been reported in association with other estrogen of pro- 
gestogen preparations but should be considered in estrogen users having 
abdominal pain and tenderness, abdominal mass, or hypovolemic shock. 
Hepatocefiuiar carcinoma has also been reported in women taking 
estrogen-containing oral contraceptives The relationship of this malignan- 
cy ta these drugs is not known at this time. 

c. Elevated blood pressure. increased bicod pressure is not uncommon 
in women using oral contraceptives. There is now a report that this may 
occur with use of estrogens in the menopause and blood pressure should 
be monitored with estrogen use, especially if high doses are used. 

6. Glucose tolerance. A worsening of glucose tolerance has beer ob- 
served in a significant percentage af patients on estrogen containing oral 
contraceptives. For this reason, diabetic patients should be carefully ob- 
served while receiving estrogen. 

4 Hypercalcemia. Administration of estrogens may lead to severe hy- 
percaicemia in patients with breast cancer and bone metastases. if this 
occurs, the drug should be stopped and appropriate measures taken to 
reduce the serum calcium level. 


PRECAUTIONS 
A. General Precautions 

1. A complete medical and family history should be taken prior to the 
initiation of any estrogen therapy. The pretreatment and periodic physical 
examinations should include speciai reference to blood pressure. breasts, 
abdemen, and petvic organs. and should include a Papanicolau smear. As 
a general rule. estrogen should not be prescribed for tonger than one year 
without another physical examination being performed. 

2. Fluid retention — Estrogens may cause some degree of fluid reten- 
tipn. Therefore. patients with conditions such as epilepsy, migraine, and 
cardiac or renal dysfunction, which might be mfluenced by this factor, re- 
quire careful observation. 

3. Certain patients may develop undesirable manifestations of exces- 
sive estrogenic stimulation, such as abnormal or excessive uterine bleed. 
ing. mastodynia, etc. 

4 Ora! contraceptives appear to be associated with an increased inei 
dence of mental depression. Although iis cot clear whether this is due to 
the estrogenic of progestogenic component of the contraceptive, patients 
with a history of depression should be carefully observed. 

5 Preexisting uterine leromyomata may increase im size during astro- 
gen use. 

6. The pathologist should be advised of the patient's use of estrogen 
therapy when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have an in- 
creased risk ot recurrence of jaundice while receiving estrogen-containing 
oral contraceptive therapy. Hf jaundice develops in any patient receiving 
estrogen. the medication should be discontinued while the cause is inves- 
tigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver 
function and they should be administered with caution in such patients. 

G. Because estrogens influence the metabolism of calcium and phos- 
phorus, they should i used with caution in patients with metabolic bone 
diseases that are associated with hypercalcemia or in patients with renal 
insufficiency. 

B. information for the Patient. See text of Patient Package Insert which 
appears after PHYSICIAN REFERENCES. 

C. Drug interactions. The concomitant use of any drugs which can induce 
hepatic microsomal enzymes with estrogens may produce estrogen levels 
which are lower than would be expected from the dose of estrogen admin. 
istered. 

The use of dread spectrum antibiotics which profoundiy effect ntesti- 
nai flora may influence the absorption of steroidal compounds including 
the estrogens. 

Diabetics receiving sasufin may have increased insulin requirements 
when receiving estrogens. 

Laboratory Test interference. Certain endocrme and liver function tests 
may be affected by estrogen-containing oral contraceptives. The following 
similar changes may be expected with larger doses of estrogen: 

a. increased sulfobromophihaiein retention. 

b. increased prothrombin and factors Vi, Viii. IX, and X. decreased an- 
tithrambin 3; increased norepinephrine induced platelet aggregability. 

c. increased thyroid binding globulin (TBG) leading fo increased ci- 
culating total thyroid hormone, as measured by PBI, T4 by column, or T4 
by radioimmunoassay. Free T3 resin uptake is decreased. retiecting the 
elevated TBG, free T4 concentration is unaltered. 

d. Abnormal! glucose tolerance test results. 

e. Decreased pregnanediol excretion. 

f. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h increased serum triglyceride and phospholipid concentration. 

D. Carcinogenesis. Studies have shown an increased tisk of endometrial 
cancer in posimenopausal women exposed fe exogenous estrogens fer 
prolonged periods (see Boxed Warning). At the present time there is no 
conclusive evidence that estrogens given to postmenopausal women in- 
crease the risk of cancer of the breast. There are. however, a few retro: 
spective studies which suggest a small but statistically significant increase 
in the tisk factor for breast cancer among these women. (See “WARN. 
INGS” section.) 

E. Pregnancy. Pregnancy Category X. See “CONTRAINDICATIONS™ section 
and Boxed Warning. 

F. Nursing Mothers. Estrogens have been reported te be excreted in 
human breast milk. Caution should be exercised when OGEN is adminis- 
tered to a nursing woman 

G. Pediatric Use. Because of the effects of estrogens on epiphyseal cis- 
sure, they should be used judiciously in young patents in wham bone 
growth is not complete. 





ADVERSE REACTIONS — 
(See Warnings mgarding reports of possible induction of neoplasia, un- 
known effects upon the fetus, increased incidence of gall bladder disease, 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions in decreas. 
ing order of severity within each category have been reported with es- 
tragenic therapy, including oral contraceptives: 

1. Genitourinary system. 

incfease in size of uterine fibromyomata. 

Vaginal candidiasis. 

Cystitis-like syndrome. 

Dysmenorrhea. 

Amenorrhea during and after treatment. 

Change in cervical eversion and in degree of cervical secretion. 

Breakthrough bleeding, spotting. change in menstrual flow. 

Premenstrual-ike syndrome. 

2, Breast 

Tendermess, enlargement, secretion. 

3. Gastrointestinal. 

Cholestatic jaundice. 

Vomiting, nausea. 

Abdominal cramps, Heating. 

& Skin. 

Hemorrhagic eruption, 

Erythema nodosum. 

Erythema multiforme. 

Hirsutism, 

Chioasma or melasma which may persist when drug is discontinued. 

Loss of scaip hav. 

5. Eyes. 

Steepening of comeal curvature. 

intolerance to contact lenses. 


Chorea. 

Mental depression. 

Migraine, dizziness, headache. 
7. Miscellaneous. 

oe of porphyria. 
Edema. 

Reduced carbohydrate tolerance. 
increase ot decrease in weight, 
Changes in libido. 


OVERDOSAGE 

Numerous reports of ingestion of large doses of estrogen-containing oral 
contraceptives by young children mikin that serious Hi effects do not 
occur. Overdosage of estrogen may cause nausea and withdrawal bleeding 
may occur in females. 


DOSAGE AND ADMINISTRATION 
1. Given cyclically for short-term use: 

For treatment of moderate to severe vasomotor symptoms, atrophic 

vagn itis, or kraurosis vulvae associated with the menopause. 
he lowest dose that will contro! symptoms should be chosen and medi- 
cation should be discontinued as promptly as possible. 

Administration should be cyclic (e.g. 3 weeks on and | week off). 

Attempts to discontinue or taper medication should be made at 3 to 6 
month intervals. 

Usual dosage ranges: 

Vasomator symptoms —One OGEN 625 (estropipate) Tablet to one 
OGEN 5 Tablet per day. The lowest dose that will control symptoms 
should be chosen. H the patient has not menstruated within the last two 
months or more, cyclic administration is started arbitrarily. Hf the patient is 
menstruating. cyclic administration is started on day 5 of bleeding. 

Atrophic initis and kraurosis vulvae — One OGEN 625 Tabiet to 
one N 5 Tablet daily, depending upon the tissue response of the indi- 
vidual patient. The lowest dose that will control symptoms should be 
chosen, Administer cyclically. 

2. Given cyclically: 

Female hypogonadism; female castration: primary ovarian failure. 

Usual dosage ranges: 

ism — A daily dose of one ODEN 1.25 Tablet to 
three OGEN 2.5 Tablets may be given for the first three weeks of a theo- 
retical cycle, followed by a rest period af eight to ten days. The lowest 
dose thal will control symptoms should be chosen. If bleeding does not 
occur by the end of this permi. the same dosage schedule is repeated. The 
number of courses of estrogen therapy necessary to produce bleeding may 
vary depending on the responsiveness of the endometrium. if satisfactory 
withdrawal bleeding does not occur, an oral progestogen may be given in 
addition to estrogen during the third week of the cycle. 

Female castration and primary ovarian failure —A daily dose ot one 
OGEN 1.25 Tablet to three OGEN 2.5 Tablets may be given for the first 
three weeks of a theoretical cycle, followed by a rest period af eight to 
ten days. Adjust dosage upward er downward according to severity of 
symptoms and response of the patient. For maintenance, adjust dosage to 
lowest level that will provide effective control. 

Treated patients with an intact uterus should be monitored closely for 
signs of endometrial cancer and appropriate diagnostic measures should 
be taken to rule out malignancy in the event of persistent or recurring ab- 
narmal vaginal bleeding. 


HOW SUPPLIED 

N {estropipate tablets, USP) is supplied as QGEN 625 (0.75 mg estro- 
pipate), yellow tablets, NOC 0074-3943-04; UGEN 1.25 {15 mg estropt- 
pate), peach-colored tablets. NDC 0074-3946-04. OGEN 2.5 (3 mg estro- 
pipate), blue tablets, NOC 0074-3951-04. and OGEN 5 (6 mg estropi- 
pate}. light green tablets. MDC 0074-3958-13. Tablets of all four dosage 
levels are standardized to provide uniform estrone activity and are 
rooved {Divide-Tab®) to provide dosage flexibility, All tablet sizes of 
GEN are available in bottles of 100. 
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When does a statistical fact become an ethical imperative? 


Richard K. Silver, M.D., and John Minogue, D.Min. 
Chicago, Illinois 


Trial of labor is a safe and effective management alternative but remains underused in current clinical 
practice. To explore whether this underuse is justified, decision analysis is developed to compare a trial of 
labor with elective repeat cesarean section. With the use of available probability estimates and outcome 
scoring based on a survey of perinatologists, decision analysis identifies trial of labor as superior to 
elective repeat cesarean section for both the mother and the neonate. Going beyond the simple 
comparisons of management options and outcomes, the ethical implications of such results are discussed 
in terms of “utility ethics,” “informed consent,” and “universal equality.” Such considerations suggest that 
there is a professional (ethical) responsibility to increase the application of trial of labor. (Am J OBSTET 


GYNECOL 1987;157:229-33.) 


Key words: Trial of labor, decision analysis, utilitarianism 


Many claim that what separates a “profession” from 
a job is the adherence to a set of values and ethical 
standards. If the profession of medicine is to be some- 
thing more than the application of basically successful 
techniques, then that something more will be found in 
the intangibles of commitment to the ethical principles 
that guide the practitioner in his/her employment of 
those techniques. This discussion will attempt to assess 
trial of labor and the professional/ethical implications 
of its use as compared to repeat cesarean section. The 
choice of treatment options will be considered in re- 
lation to the principles of “utility ethics,” “informed 
consent,” and “universal equality.” 

Vaginal delivery after a previous cesarean section 1s 
considered a contemporary practice alternative. De- 
spite numerous publications confirming the efficacy 
and safety of this approach, as well as support issued 
from our specialty,’ trial of labor remains underused 
in most medical centers. Even if this alternative is of- 
' fered by obstetricians, a minority of the eligible patients 
elect a labor trial, and if oxytocin is disallowed,’ at- 


From the Department of Obstetrics and Gynecology, Northwestern 
University Medical School. 

Reprint requests: Richard K. Silver, M.D., 2650 Ridge Ave., 
Evanston, IL 60201. 


tempts at vaginal delivery may be abandoned prema- 
turely. The presumed safety of cesarean section, the 
fear of uterine rupture, and patient preference are 
among the factors that contribute to the selection of 
elective surgery over trial of labor. By conservative es- 
timate, if trial of labor is offered at a particular insti- 
tution, at least half of the repeat cesarean sections per- 
formed could be avoided. 

In clinical terms, decision analysis is used to identify 
the treatment plan that provides the best outcome for 
a majority of patients with a particular condition, Once 
the best plan is discovered, criteria for a standard of 
practice may be established. The objectivity of this ap- 
proach (with the use of both probability estimates and 
a mathematical model) is appealing when compared 
with conclusions based on intuition, personal experi- 
ence, or retrospective review. A risk-benefit assessment 
may be particularly useful when a prospective study of 
treatment alternatives is unavailable. Ethically, this type 
of analysis is known as utilitarianism, whose basic cri- 
terion is “do that which promotes the most happiness 
for the most people.” 

Shy et al.’ derived probabilities related to trial of 
labor and repeat cesarean section. With these figures 
and a hypothetical cohort of eligible patients, they ap- 
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Table I. Outcome probabilities* for repeat 
cesarean section and trial of labor 


Outcome | Probability 


Maternal death with vaginal delivery 0.00008 
Maternal death with RCS 0.0004 
Maternal death with uterine rupture 0.02 
Perinatal death with elective term RCS 0.005 
Perinatal death with iatrogenic preterm RCS 0.085 
Perinatal death with intrapartum RCS 0.008 
Perinatal death with vaginal delivery 0.013 
Perinatal death with uterine rupture 0.119 
Preterm delivery with elective RCS 0.054 
Antepartum uterine rupture 0.0019 
Intrapartum uterine rupture 0.007 
Hysterectomy required after uterine rupture 0.727 
Spontaneous labor before elective RCS 0,20 
Failed TOL and indicated RCS 0.33 


RCS = Repeat cesarean section; TOL = trial of labor. 
*Probabilities adapted from Shy et al.’ 
+Probability derived from references 8 to 10. 


plied decision analysis and concluded that maternal and 
perinatal mortality were similar for either treatment 
alternative. Although this conclusion might argue in 
favor of trial of labor, some may view the glass as half 
empty. If there is no difference in outcome as measured 
in units of mortality, why not continue with the practice 
of elective repeat cesarean section? The obvious answer 
is that there is more to this health care issue than risk 
of death. A critical concern is the contribution of repeat 
cesarean section to the “epidemic” of abdominal deliv- 
ery.’ Prolonged hospitalization and recovery, surgical 
morbidity, the need for cesarean section in subsequent 
pregnancies, and additional cost are examples of other 
important concerns. Decision analysis provides a mech- 
anism for including the effect of these types of outcome 
variables along with mortality estimates. 


Material and methods 


Assessment of accurate probabilities and assignment 
of relative value scores are the two prerequisites for 
decision analysis. We used the derived probabilities for 
trial of labor—related outcomes provided by Shy et al.,’ 
as summarized in Table I. In order to include measures 
of morbidity in addition to mortality estimates, we in- 
corporated nine other complications into our decision 
trees (Table II). To assign utility scores for all compli- 
cations, relative rankings and deductions were solicited 
from eight board-eligible or board-certified perinatol- 
ogists (three female, five male, excluding the author). 
These physicians were instructed to rank 11 outcomes 
in descending order of severity and then to deduct up 
to 100 points for each item (‘Table II). The most serious 
outcome would be ranked first and assigned the largest 
deduction. Their responses were tabulated and the 
mean score for each outcome was derived. Next, 100 
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points were arbitrarily awarded to each outcome path- 
way of the decision tree from which appropriate de- 
ductions were taken. For instance, a woman attempting 
a trial of labor, who suffers a uterine rupture during 
labor but is delivered of a healthy infant and survives 
the operation without the need for hysterectomy, would 
incur the following deductions: 59 points for intrapar- 
tum rupture, 19 points for prolonged hospitalization, 
18 poinis for any future cesarean section, 18 points for 
additional cost, 10 points for failed trial of labor, 
6 points for discomfort, and 3 points for inconvenience 
(total score of 100 to 133 or — 33). Utility scores for 
each pathway are listed on the right of Figs. 1 and 2. 
In these figures, the probabilities (in parentheses) are 
multiplied by the utility scores and the products are 
summed (from right to left) at each branch of the tree. 
The management alternative with the greatest score has 
the highest utility (that is, statistically provides the most 
happiness to the most patients) and is therefore the 
clinical approach of choice. 

Decision analysis of this type is not designed to func- 
tion as a model for clinical management (for example, 
a left-to-right reading of the decision tree). Such anal- 
ysis would require sensitivity testing of every probability 
and deletion of all insensitive nodes. In contrast, the 
approach here is validated only at its end point (in this 
case, the final score). 


Comment 


Decision analysis. The higher score for trial of labor 
(67.3) indicates that when it is compared with elective 
repeat cesarean section (38.8), this alternative provides 
the best outcome for mother, baby, and society. Ad- 
mittedly, the assigned utility scores are subjective. Al- 
though the rank order may be agreeable to most cli- 
nicians (as was the case for the rankings in our survey; 
Table If, Rank Agreement column), the specific point 
assignments may vary among physicians, patients, and 
other health care providers. We chose a physician 
source for utility scores because it is from a chiefly 
medical perspective that counseling is accomplished. 
With the recognition that patient values may be dif- 
ferent, relevant nonmedical concerns (anxiety of await- 
ing labor, discomfort in labor, and disappointment of 
a failed trial of labor) were also included in the model 
and assigned utility scores. 

Another possible area of disagreement involves the 
selection and accuracy of assigned probabilities. To ad- 
dress this criticism, sensitivity testing at any probability 
node can be performed. Two examples are illustrated 
as follows. A particular hospital experiences only a 50% 
vaginal delivery rate among their trial of labor patients. 
Substitution of this rate in Fig. 2 would reduce the total 
score to 56.5, while the score for repeat cesarean section 
would remain 38.8. Similarly, if an exaggerated rate of 
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Fig. 1. Decision analysis for repeat cesarean section. Probabilities are in parentheses and subtotal 
scores are underlined. RCS = Repeat cesarean section. 


Table II. Assignment of utility scores to maternal and perinatal outcomes 


Outcomes listed by rank order 


Maternal death 

Neonatal death 

Need for hysterectomy 

Uterine rupture 

Iatrogenic prematurity 

Need for future repeat cesarean section 
Prolonged hospitalization and recovery 
Additional cost 

Failed trial of labor 

Discomfort of labor 

Inconvenience of awaiting labor 


SS OS OU RT ie SN 


beet beet 


Mean utility score Rank 
(+SD) Range agreement* 


100 + 0 — 8 
88 + 16 50-100 8 
62 + 16 40-95 7 
59 + 14 40-80 8 
58 + 22 25-90 4 
18 + 10 5-40 6 
19 + 10 5-40 5 
IB+8 > 0-30 7 
10 + 6 0-19 7 

6x9 0-30 7 
34 0-10 8 


*Number of respondents (out of eight) agreeing with ranking plus or minus one order of rank. 


intrapartum uterine rupture were assumed (for ex- 
ample, 5%), the trial of labor score would be reduced 
to 61.7. In both these instances, the trial of labor score 
remains higher than its repeat cesarean section coun- 
terpart and is therefore the better alternative. In fact, 
to support the contention that elective repeat cesarean 
section and trial of labor are equivalent alternatives, 
one would need to artificially reduce the trial of labor 
success rate to <25% or increase the intrapartum risk 
for uterine rupture to >20%. 

Even if decision analysis selects trial of labor, wide 
implementation of this alternative would be difficult in 
light of the currently recommended trial of labor pre- 
requisites. These include 24-hour blood banking and 


30-minute operative start-up time. Admittedly, man- 
agement of complete uterine dehiscence requires emer- 
gency anesthetic services. However, uterine rupture 
may occur as often before labor as during labor and 
even occurs among patients without a previous uterine 
incision. In fact, a recent review by Finley and Gibbs? 
uncovered similar rates of emergent operation for pa- 
tients with and without a previous cesarean section, 
implying no greater risk for trial of labor candidates. 
Ethical considerations. To shift from numbers 
to their professional-ethical implications is a fairly 
straightforward transition if utilitarianism is used. Risk- 
benefit analysis is born and bred in the American tra- 
dition. Using the principles of utility to decide the right 
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Fig. 2. Decision analysis ci trial of labor. Probabilities are in parentheses and subtotal scores are 


underlined. 


and good thing to do runs deep in the American way 
of thinking; it is also a skill honed to a fine edge in 
medical training. After all, what is a more congruent 
way of deciding which course of medical intervention 
to follow than a risk-benefit analysis? The congruence 
between the practice of medicine and utilitarianism 
seems to be a match.made in heaven. The development 
and reliance of modern clinical medicine on statistical 
analysis of outcome provide utility ethics with the ac- 
tuarials it needs to derivé the outcome-based decision 
trees. In return, utility ethics provides modern medi- 
cine with a license to practice a profession (on the 
presumption that what distinguishes a profession from 
a job is a code of ethics that is intrinsic to its func- 
tioning). 

In regard to the case at hand, using simply utilitar- 
ianism, it should be argued that anything other than 
trial of labor after a previous cesarean section is uneth- 
ical because the utility scores demonstrate that the trial 
of labor option holds the best outcome for both the 
individual patient and the patient population taken as 
a group. Perhaps the appeal and strength of utilitarian 
argumentation lie in its focus on outcomes. Although 
good intentions are nice, for better or worse, it is by 


results that the medical profession is often judged. 
What better way to justify a treatment option than to 
show its positive results. 

There are those who are less than euphoric about - 
the relationship between utility ethics and medicine. 
Two internal problems with the utilitarian system are 
pointed to: First, it claims objectivity based on a quan- 
tification that is really subjective; second, the system has ' 
no ability to critically reject any given means, as long 
as it achieves the most good for the most people. A 
clinical practice based only on outcome without any 
commitment to principles would be in danger of sub- 
jecting some patients to grave hardship so that most of 
the patients could benefit. It could easily ignore an 
equally cherished value and ethical commitment among 
medical practitioners: the patient’s right of autonomy, 
as safeguarded by the principle of informed consent. 
The point of these critiques is not to dismiss outcome 
analysis as a reasonable and ethical criterion for medical 
decision; it is rather to argue that utilitarianism can 
neither be the sole criterion of ethical judgment nor be 
claimed as a purely objective standard. Thus, even 
though a utility analysis is compelling in regard to trial 
of labor, perhaps it is not the whole story. The right to 
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informed consent must be included in any discussion 
of patient counseling. 

Informed consent finds its roots in séveral condi: 
erations. Some would see the principle of informed 
consent deriving from the’simple notion that those who 
bear the consequences should have the major say in 
what is to be done. Others see this principle as derived 
from the very nature of what it is to be human, since 
to be human is to be responsible and self-determining. 
Still others would derive the principle of informed con- 
sent from a legally granted constitutional right based 
on social contract. Despite the drastically diverse foun- 
‘dations, each of these reasoning processes would argue 
` that no matter what the outcome, a patient must in 
principle be informed and consent to a treatment plan. 
In the extreme, this ethic would argue that the patient 
has a right to refuse a given treatment, even though 
such a treatmeni provides a better outcome than with- 
holding it. This ethic is clearly operative in medicine 
today. ; 
In relationship to trial of labor, the pririciple of in- 
formed consent would provide that the pdtient be: (1) 
accurately informed concerning treatment options, (2) 
apprised of the specific advantages and disadvantages 
of trial of labor, and (3) allowed the freedom to deter- 
mine a reasonable treatment alternative without undue 
external irifluence. After being approached to obtain 
informed consent for trial of labor, 140 of 247 women 
chose elective repeat cesarean section.’ Such a low se- 
lection rate for a clearly better option by decision, anal- 
ysis might suggest that clear information is not being 
provided, that inadvertent coercion might be occur- 
ring, or that other significant factors influencing patient 
choice have not been included'in our utility model. 
From the perspective of informed consent, it would be 
“unethical to sway. the patients’ decisions by use of either 
‘unclear information or manipulative images (for ex- 
ample, describing abdominal delivery as a procedure 
that is safe, convenient, and fairly pain-free while de- 
scribing labor as long and painful with many uncertain- 
ties). Clearly, our own biases in regard to delivery op- 
tions are going to influence the patients’ choices. In 
fairness to the principle of informed consent, we might 
make some attempt to eliminate the obvious coercions 
and balance for the more subtle influences our biases 
may bring about. Certainly, by the same principle, the 
patient’s concerns must be put into perspective relative 
to the medical risks of the proposed choices. Specifi- 
cally, the convenience of a known due date or the avoid- 
ance of labor needs to be considered in the context of 
the risks of elective operation. Although informed 
consent would not dictate a labor trial, it certainly 
would be considered unethical if the patient were not 
presented with correct information in a noncoercive 
manner. 

There are certain types of ethical considerations that 
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are even more restrictive in relation to what options 
the patient and physician have. Such an ethic is pro- 
posed by Immanuel Kant in his book F undamental Prin- 
ciples of the Methaphysics of Morals. His criteria of ethical 
practice would be derived from the categorical imper- 
ative basically stated as: Do only that which you can will 
to be a universal law.” Further, only duty is a fitting 
motive, for any other motive would be self-serving and 
less than ethical. Such a system seeks to bring about a 
universalization of conduct based on principle. Follow- 
ing this type of ethic, if the physician was truly per- 
suaded by the statistics that a trial of labor is best for 
the patient, then it would be his/her duty to offer only 
this alternative. This would transcend even the patient’s 
right to choose, since in this system duty and what is 
right supersede freedom. Though somewhat lockstep, 
Kant’s in-principled ethic has the merit of treating 
all patients equally and demanding of the physician 
his/her best effort to ascertain what is best for his/her 
patient. 

In summary, we are obviously persuaded as to the 
benefit ‘of a labor trial for those patients meeting ap- 
propriate guidelines. The argumerits presented here 
favor trial of labor. Not only the numbers but the prin- 
ciples seem to argue for this management option. Cer- 
tainly what is in the interest of the individual patient 
is probably best assessed within the personal relation- 
ship between the patient and physician. Statistics and 
general principles cannot overshadow the important 
variables that make up such relationships. However, as 
a profession we have an obligation to continually assess, 
by reasonable standards, what does serve the best in- 
terest of our patients. 
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Antithyroid drugs: To breast-feed or not to breast-feed 
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Historically, women’ taking antithyroid drugs EEN have not been permitted to brost feed: However, 
recent studies suggest that infants exposed to the small amounts of antithyroid drugs in breast milk 
experience no ‘change in thyroid function. Propyithiouraeil is the drug of choice i in this situation, since it 
does not cross membranes readily, and milk coricentrations are therefore quite low. However, methimazole 
in low dosages might be used if the infans thyroid status was monitored ai frequent intervals. (Am J 


Ostet GYNECOL 1987; 157: 234-5.) 
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. Thyrotoxicosis resulting from Graves’ disease occurs 
commonly enough-during pregnancy (one in every 500 
to 1000) to warrant petiodi¢ review articles! arid con- 
tinued research regarding its optimal management.* 
Antithyroid . drugs aré accepted as the treatment of 
choice for most patients and have generally been safe 
and effective therapy for both mother and fètus.’ How- 
ever, the question of- How to manage the hyperthyroid- 
ism after delivery, particularly with respect to breast- 
feeding, has not béeri addressed i in any comprehensive 
way in the literature. It is the purpose of this briéf 
review to summarize the available data and formulate 
specific recommendations regarding ane drugs 
and the nursing mother. 

` The problem of antithyroid drugs i in breast milk was 
originally studied by | Williams et al.* in 1944, with the 
first antithyroid drug thiouracil. It was demonstrated 
by a relatively crude norispecific colorimetric assay that 
thiouracil concentrations in milk were approximately 
threefold higher than serum concentrations. Although 
this drug ceased to be used after 1946, the data on 
thiouracil levels in milk were extended by inference to 
‘include propylthiouracil (introduced ir: 1946) and me- 
thimazole (introduced. in 1949). Women taking either 
of these drugs were advised by most physicians not to 
breast-feed®-® for fear of conme hypothyroidism i in the 
infant. 

The issue was rekindled in 1979 by Low et al.,’ who 
administered *°S propylthiouracil to one lactating pa- 
tient and found, that the accumulation of *S propyl- 
thiouracil in milk (measured simply as ”S activity) rep- 
resented only 0.077% of the administered propylthio- 
uracil dosage over 24 hours. With the subsequent 
development of sensitive and specific assays for the 
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antithyroid drugs; a number of recent studies Have ex- 
amined this question in more detail. With a sensitive 
spectrophotometric technique, Kampmann et al.® mea- 
sured propylthiouracil concentrations in the’ milk of 
nine lactating women after the oral administration of 
400 mg. Only 0.025% of the tbtal dosage was excreted 
in the milk over 4 hours (i.€:, 100 wg). The authors? 
also monitored thyroid function in one infant whose 
mother was taking 200 to 300'mg propylthiouracil daily 
and found no change in thyroid function tests, includ- 
ing serum thyroid- stimulating hormone. Since this ar- 
ticle, there have been ‘reports®" of a total of six addi- 
tional infants whoSe thyroid function tests remained 
normal while their. mothers were taking propylthio- 
uracil in dosages ranging from 125 to 300 mg daily. 
Although these limited data on propyithiouracil are 
reassuring, studies of methimazole (and its close rela- 
tive carbimazole) arè, less clear-cut. There are three 
reports™ " involving a total of 10 women, in which me- 
thimazole or éarbimazole excretion in breast milk was 
examined. Regardless of the methodology used to mea- 
sure methimazole, all three studies indicate that me- 
thimazole enters the milk freely from the serum com- 
partment, with milk to plasma drug ratios equaling. 1. 
Calculations have been performed showing that an in- 
fant might receive as much as 70 wg after a 40 mg dose 
of methimazole, an amount that could theoretically af- 
fect the baby’s thyroid function. Nevertheless; Lamberg 
et al.” recently reported on 12 infants whose mothers 
were treated with the methimazole derivative, ‘carbi- 
mazole, in dosages ranging from 5 to 15 mg daily (equal 
to 3.3 to 10 mg methimazole). All 12 infants had normal 
thyroid function (including thyroid-stimulating hor- 
mone) at 4, 14, and 21 days, and two infants remained 
normal at 3 and 4 months of age with continued breast- 
feeding. Thus, at very small dosages, methimazole is 
probably also a safe drug for thé nursing mother. 
The theoretical reasons that methimazole but not 
propylthiouracil would be present in significant con- 
centrations in milk have been reviewed." In brief, the 
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most likely explanation is that propylthiouracil is ion- 
ized at physiologic pH and is also heavily protein bound 
(80%), preventing its diffusion across membranes, 
whereas methimazole is neither ionized nor bound to 
serum proteins. 

The available data suggest that infants exposed to 
small quantities of antithyroid drugs do not become 
hypothyroid. On the basis of this assumption, the fol- 
lowing recommendations can be made. Any mother 
who requires antithyroid drug therapy in the postpar- 
tum period and who wishes to breast-feed should be 
allowed to do so. However, the potential risk of neonatal 
hypothyroidism exists, and the necessity for monitoring 
the neonate’s thyroid function should be made clear to 
the mother; a serum thyroxine and thyroid stimulating 
hormone determination every 2 to 4 weeks would be 
reasonable. Although it has not been reported, the pos- 
sibility that the infant could have an idiosyncratic re- 
action (e.g., fever, rash, agranulocytosis) to the drug 


should also be noted. Although infants have done well: 


after exposure to both propylthiouracil and small dos- 
ages of methimazole, propylthiouracil remains the drug 
of choice because of its lower potency and lower breast 
milk concentration. However, if the mother were al- 
lergic to propylthiouracil, methimazole in dosages of 
<10 mg might be used if the infant’s thyroid functions 
were monitored more intensively, at weekly or biweekly 
intervals. 
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The use of fetal biophysical profile improves pregnancy 
outcome in premature rupture of the membranes 


Anthony M. Vintzileos, M.D., Roy Bors-Koefoed, M.D., James F. Pelegano, M.D., 
Winston A. Campbell, M.D., John F. Rodis, M.D., David J. Nochimson, M.D., and 


Vasilios G. Kontopoulos, M.D. 


Farmington, Connecticut 


A protocol using daily fetal biophysical assessment was applied in 73 consecutive patients with premature 
rupture of the membranes and no clinical signs of infection or labor. A persistently low biophysical score 
(7 or less on two examinations 2 hours apart) in the presence of a nonreactive nonstress test and absence 
of fetal breathing was used as an indication for delivery. Measures of pregnancy outcome included the 
presence of amnionitis or neonatal infection. The outcome of pregnancy in this group of patients was 
compared with the outcomes of two historic groups: one managed conservatively (control group) and the 
other managed with amniocentesis on admission to the hospital (amniocentesis group). Infection outcome, 
maternal as well as neonatal, and low 5-minute Apgar scores were significantly less in the study than in 
the control group. The frequency of neonatal sepsis was significantly less in the study than in the 
amniocentesis group. These data suggest that management of premature rupture of the membranes with 
daily fetal biophysical profiles improves pregnancy outcome by reducing the incidence of maternal and 


neonatal infection. (AM J Osstet GYNECOL 1987;157:236-40.) 


The fetal biophysical profile (nonstress test, fetal 
breathing movements, fetal movements, fetal tone, am- 
niotic fluid volume, and placental grading) has been 
described previously by us as an early predictor of fetal 
infection in patients with premature rupture of the 
membranes and no clinical signs of infection or labor. 
In that report patients whose last biophysical assess- 
ment was within 24 hours of delivery had an infection 
rate of 93.7% when the biophysical profile score was 
7 or less, whereas the frequency of infection with a 
biophysical profile score of 8 or more was only 2.7%; 
in that study the fetal biophysical profile results were 
not used for management.' Subsequently, in another 
report the authors described the efficacy of a protocol 
using amniocentesis on admission in the management 
of patients with premature rupture of the membranes; 
this protocol was found to reduce the frequency of 
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clinical amnionitis and low 5-minute Apgar scores but 
did not reduce the frequency of neonatal infection, 
low 1-minute Apgar scores, and perinatal death rate.’ 

The purpose of the present study was to evaluate the 
efficacy of a protocol using daily fetal biophysical pro- 
file assessment in the management of patients with pre- 
mature rupture of the membranes and no clinical signs 
of infection or labor. The pregnancy outcome of the 
study group, as determined by the development of ma- 
ternal or neonatal infection, was compared with the 
outcomes of the two historic groups: the first managed 
conservatively (control group) and the second managed 
with amniocentesis on admission to the hospital (am- 
niocentesis group). Measures of outcome of infection 
included the presence of clinical amnionitis, possible 
neonatal sepsis, and neonatal sepsis. 


Material and methods 


The study group included 73 consecutive patients 
with premature spontaneous rupture of the mem- 
branes. The majority of patients (71 of 73) were trans- 
ferred to the University of Connecticut Health Center 
because of preterm premature rupture of the mem- 
branes. The study group consisted of patients admitted 
to the hospital during the period of August 1, 1985, 
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Table I. Characteristics of the three groups 
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Control group Study group Amniocentesis 
(N = 73) p Value (N = 73) p Value group (N = 73) 
NS NS 


Gestational age 31.9 + 6.1 


(mean + 2 SD) 


Preterm 69 (94.5%) NS 
(<37 wk) 

Corticosteroids 60 (82%) NS 

Amniotic fluid 
AF 2 40 (54.7%) NS 
AF ] 16 (21.9%) NS 
AF 0 17 (23.2%) NS 

Birth weight 1874 + 1150 gm NS 
(mean + 2 SD) 

No. of fetuses 18 (24.6%) NS 


with score <7 


31.4 + 5.5 31.0 + 5.1 

72 (98.6%) NS 71 (97.2%) 

62 (85%) NS 61 (83.5%) 

41 (56.1%) NS 43 (58.9%) 

14 (19.1%) NS 12 (16.4%) 

18 (24.6%) NS 18 (24.6%) 
1768 + 976 gm NS 1786 + 1147 gm 

21 (28.7%) s a= 


AF 2, amniotic fluid pocket =2 cm in vertical diameter; AF 1, amniotic fluid pocket 1 to 2 cm in greatest vertical diameter; 


AF 0, amniotic fluid pocket <1 cm in greatest vertical diameter. 


‘through November 15, 1986. The historic control 
‘group (73 patients) consisted of patients with prema- 
ture rupture of the membranes admitted during the 
period of July 1, 1983, through June 30, 1984,’ and 
the amniocentesis group (73 patients) involved patients 
admitted consecutively during the period of July 1, 
1984, through April 30, 1985.’ All three groups in- 
volved singleton pregnancies and gestational ages of 25 
weeks or greater with premature rupture of the mem- 
branes and no labor. Patients with signs of labor, cho- 
rioamnionitis, bleeding, or fetal distress on admission 
were excluded. The prior use of tocolysis and the pres- 
ence of other complicating factors (such as pregnancy- 
induced hypertension, intrauterine growth retarda- 
tion, and diabetes mellitus) were also exclusion criteria. 
The inclusion and exclusion criteria were the same for 
the three groups. 

In all patients, rupture of the membranes was di- 
agnosed by sterile speculum examination with pooled 
fluid, ferning, and alkaline pH determination (Nitra- 
zine Paper). Bimanual pelvic examinations were not 
performed unless the patients were believed to be in 
active labor or a decision had been made to induce 
labor. On admission to the hospital, maternal vital signs 
were recorded and electronic fetal heart rate monitor- 
ing was used to detect signs of fetal distress and doc- 
ument any uterine activity. If there was no evidence of 
labor, fetal distress, or infection, an ultrasonographic 
evaluation was performed for confirmation of the ges- 
‘-tational age and determination of the fetal biophysical 
profile. The ultrasonographic evaluation was per- 
formed by means of a linear-array real-time ultrasono- 
graphic method (General Electric SRT 2600, Wilming- 
ton, Massachusetts) equipped with a 3.5 MHz trans- 
ducer. Real-time scanning consisted of a maximum 
30-minute observation period during which fetal move- 
ments and fetal breathing movements were counted 


and fetal tone, amniotic fluid volume, and placental 
-grading were estimated. Each biophysical variable was 


scored as 2, 1, or 0 according to the criteria cited in a 
previous study.’ The maximal score was 12 and the 
minimal Q. In the historic control group the results of 
the fetal biophysical profile were not used for man- 
agement. In the amniocentesis group immediately after 
the ultrasonographic examination, an amniocentesis 
under direct ultrasonic guidance was performed and 
the fluid was sent immediately for Gram staining and 
cultures. In the study group an abnormal biophysical 
assessment was used as an indication for delivery (bio- 
physical score of 7 or less on two examinations 2 hours 
apart in the presence of a nonreactive nonstress test 
and absence of fetal breathing). 

All three groups were observed in the hospital and 
were managed conservatively with bed rest and bath- 
room privileges. Corticosteroid therapy was adminis- 
tered in the majority of patients (Table I). Tempera- 
tures were taken four times a day and white blood cell 
counts were performed daily. Antibiotics were admin- 
istered to the mother only after the cord was clamped. 
In the study group the fetal biophysical profile deter- 
minations were repeated every 24 hours if patients re- 
mained undelivered. Indications for delivery in the 
control group included labor, clinical amnionitis, per- 
sistent spontaneous variable decelerations (moderate to 
severe), or gestational age >37 weeks after a 24-hour 
period of observation. The results of the fetal bio- 
physical profile were not used in the management of 
the control group. Indications for delivery in the am- 
niocentesis group were the same as for the control 
group in addition to a positive Gram stain or culture 
of the obtained amniotic fluid and a lecithin: sphingo- 
myelin ratio of 2 or greater. Indications for delivery in 
the study group were the same as for the control group 
in addition to a persistently low fetal biophysical score 
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Table Il. Comparison of outcome cf pregnancy between the three groups 








Cenzrol 


group 
(N = 73) 







Overall infectious 22 (30.1%) <0.005 
outcome” 
Amnionitis 15 (20 5%) <0.01 
Possible neonatal 10 (13 6%) NS 
sepsis 
Neonatal sepsis 7 (95%) NS 
Overall neonatal 17 (23.2%) <0.005 
infectionT 
Apgar score <7 
] min 23 (31.5%) NS 
5 min 9 (12.3%) <0.005 
Umbilical cord pH l 
(mean + 2 SD) , 
Artery 7.29 + 0.12 NS 
Vein 7.34 + 0.11 NS 
Perinatal deaths 2 (2.7%) NS 






Amniocentesis 


group 
(N = 73) 







Study group 
(N = 73) 


8 (10.9%) NS 16 (21.9%) 
4 (5.4%) NS 5 (6.8%) 
4 (5.4%) NS 9 (12.3%) 
1 (1.3%) <0.05 9 (12.3%) 
5 (6.7%) <0.005 18 (24.6%) 
17 (23.2%) NS 26 (35.6%) 
0 (0.0%) NS 2 (2.7%) 
7.28 + 0.16 NS 7.28 + 0.12 
7.35 + 0.14 NS 7.34 + 0.10 
lL (1.3%) NS 1 (1.3%) 


*Overall infectious outcome includes patients with infection (mother or neonate), some of whom had more than one diagnosis. 
tOverall neonatal infection combines reonates with possible neonatal sepsis and neonatal sepsis. 


(7 or less on two examinations 2 hours apart in the 
presence of a nonreactive nonstress test and absence of 
fetal breathing). 

On admission to the neonatal intensive care unit, 
cultures were performed in all infarits (blood, urine, 
cerebrospinal fluid, trachea, nasogastric, and external 
ear). All neonates received prophylactic antibiotics that 
were discontinued when the cultures demonstrated no 
growth. When neonatal sepsis or possible neonatal sep- 
sis was diagnosed, the antibiotics were continued for 
approximately 7 to 10 days. The diagnosis of clinical 
amnionitis, possible neonatal sepsis, and neonatal sepsis 
was based on previously described criteria.‘ The preg- 
nancy outcome of the study group, as determined by 
the development of maternal or neonatal infection, was 
compared with the outcomes of the twc historic groups: 
the first managed conservatively (control group) and 
the second managed with amniocentesis on admission 
(amniocentesis group). Postdelivery data collection in- 
cluded Apgar scores, cord blood pH umbilical artery 
and vein), neonatal septic workup, and perinatal 
deaths. 

Statistical analysis was performed by the x’, Fisher’s 
exact, or Student é test when appropriate. 


Results 


The study group included 73 consecutive patients 
with premature rupture of the membranes. A total of 
231 fetal biophysical profiles were dcne in these 73 
patients (3.1 per patient). Twenty examinations were 
the most performed on one patient. The mean gesta- 
tional age on admission to the hospital was 31.4 weeks 
(range 25 to 38 weeks) and the mean birth weight 


S 


(+2 SDs) was 1768 gm (+976 gm). The cesarean sec- 
tion rate was 48% (35 of 73). 

The characteristics of the three groups on admission 
are shown in Table I. There were no differences be- 
tween the three groups in terms of mean gestational 
age, preterm gestations, corticosteroid administration, 
birth weight, and distribution of amniotic fluid volume. 
Because the degree of oligohydramnios has been de- 
scribed as a risk factor for infectious morbidity in pa- 
tients with premature rupture of the membranes,*? all 
three groups were also compared according to amniotic 
fluid distribution but no differences were found. The 
number of fetuses with low biophysical scores (7 or less) 
was not different between the study and control group. 

The comparison of outcomes of pregnancy between 
the three groups is shown in Table II. Compared with 
the control group, the study group was found to have 
a significantly lower frequency of overall infectious out- 
come (number of patients who developed infection; 
p < 0.005), amnionitis (p < 0.01), and 5-mminute Ap- 
gar scores (p < 0.005). The p values for possible neo- 
natal sepsis and neonatal sepsis were 0.09 and 0.06, 
respectively. When possible neonatal sepsis and neo- 
natal sepsis were combined (overall neonatal infection) 
the difference became statistically significant (p < 
0.005). There were no differences between the study 
and control groups in terms of 1-minute Apgar scores 
<7, umbilical cord pH (artery and vein), and perinatal 
death rate. Compared with the amniocentesis group, 
the study group was found to have a significantly lower 
frequency of neonatal sepsis (p < 0.05), The overall 
neonatal infection was also significantly less in the study 
group (p < 0.005). There were no differences between 
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the study and amniocentesis groups in térms of overall 
infectious outcome (number of patients who developed 
infection), amnionitis, possible neonatal sepsis, Apgar 
scores, umbilical cord pH (artery and vein), and peti- 
natal death rate. 

Eight (10.9%) patients developed infection in. the 
study group. The diagnoses were clinical amnionitis 
(four cases), possible neonatal sepsis (four cases), and 
neonatal sepsis (one case). One patient had more than 
one diagnosis. Of the eight patients with infection, de- 
livery was accomplished in seven because of low bio- 
physical score, four of whom developed intrapartum 
amnionitis, and in one because of spontaneous onset 
of labor. Of the remaining 65 patients with no infection, 
delivery was accomplished in 41 because of sponta- 
neous onset of labor, in 14 because of low biophysical 
score (7 or less), in seven because of moderate to severe 
variable decelerations on electronic fetal heart rate 
monitoring, and in three because of suspected abruptio 
placentae. There was one false negative biophysical 
profile assessment in a fetis‘born .vaginally who went 
on to develop possible neonatal sepsis. There was one 
neonatal death (1.37%) in the population studied; this 
fetus was 26 weeks’ gestation and was delivered by ce- 
sarean section because of a low biophysical score. The 
infant died of disseminated sepsis and prematurity. 


Comment. 


The fetal biophysical profile has been described re- 
cently as an early predictor of fetal infection in patients 
with premature rupture of the membranes.’ In that 
report, which involved the use of frequent fetal bio- 
physical profile determinations; the individual bio- 
physical variables—nonstress test, fetal breathing 
movements, fetal movements, and fetal tone—were 
found to be important in predicting infection outcome 
in the above sequence; however, the best predictor of 
outcome of infection was found to be the overall bio- 
physical score. The first manifestations of fetal infec- 
tion were nonreactive nonstress testing and loss of fetal 
breathing. The loss of fetal movement and fetal tone 
were late signs of infection. That study was only ob- 
servational and the results of the fetal biophysical as- 
sessment were not used for management. These pa- 
tients formed the control group of the present study. 
Based on the results of that study the authors formu- 
lated a protocol for following patients with premature 
rupture of the membranes based on daily fetal bio- 
physical profile determinations. 

The purpose of the present study was to evaluate the 
efficacy of this protocol using daily fetal biophysical 
assessment in the management of patients with pre- 
mature rupture of membranes and to see if such an 
approach would improve the outcome of prégnancy in 
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these patients. The outcome of pregnancy of the study 
group was also compared with another historic group 
(amniocentesis group) managed by a protocol of trans- 
abdominal amniocentesis.on admission to the hospital; 
the results of such a protocol have been reported pre- 
viously by our group.” All three groups were similar in 
terms of risk factors for development of infection 
(Table I). 

The present data suggest that management of pre- 
mature rupture of the membranes with daily fetal bio- 
physical asséssment reduces the frequency of maternal 
and neonatal infection. The percentage of patients who 
developed infection in the study group (10.9%) was 
significantly less than in the control group (30.1%). This 
represents a reduction.in dur infection rate by almost 
two thirds. In the control group 18 patients had a low 
biophysical score and, 16 (89%) developed infection. 
However, that study was observational and delivery was 
not undertaken in patients with.low biophysical scores. 
In the majority. of these 16 patients with infection (10 
of 16), delivery occurred more than 2 days after the 
first abnormal fetal biophysical assessment. In the pres- 
ent study there were’21 fetuses with low biophysical 
scores; however, immediate action and prompt delivery 
was undertaken in all cases based on the abnormal bio- 
physical assessment. This resulted in an overall infec- 
tious outcome (number of patients with infection) of 
10.9%. The incidence of possible neonatal sepsis and 
neonatal sepsis were also lower in the study group com- 
pared with the control group (5.4% versus 13.6% and 
1.3% versus, 9.5%); but possibly because of the small 
numbers this did not reach statistical significance. How- 
ever, when combined possible neonatal sepsis and neo- 
natal sepsis were considered together, the overall neo- 
natal infection was significantly lower in the study 
group (6.7% versus 23.2%). These data support the 
findings of our earliest studies’ * in which we have re- 
ported that the fetal biophysical profile is a good pre- 
dictor of fetal infectious compromise. As to the signif- 
icance of the higher 5-minute Apgar scores in the study 
group, one speculation is that it might be a reflection 
of the Idwer incidence of infection in the study popu- 
lation at the time of delivery. A higher incidence of low 
5-minute Apgar scores given to infants born of mothers 
with clinieal infection has been reported previously.’ 

Compared with the amniocentesis group the study 
group was found to have a significantly lower frequency 
of neonatal sepsis and overall neonatal infection. This 
is in agreement with our previously reported experi- 
ence? with transabdominal amniocentesis, which has 
shown that this protocol decreases the incidence of clin- 
ical amnionitis but does not improve the outcome of 
neonatal infection. The outcome of neonatal infection 
was reduced by fetal biophysical assessment, a modality 
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that reflects fetal status rather than the presence of 
intrauterine bacteria. 

A prospective, randomized study would be the ideal 
design to address the question of whether management 
of premature rupture of the membranes with daily fetal 
biophysical assessment improves the outcome of preg- 
nancy. Although scientifically desirable, such a study 
was ethically unacceptable to all maternal-fetal medi- 
cine subspecialists and neonatologists at our institution. 
Therefore we used historic groups for comparison. We 
feel that the similarity between the historic and study 
groups permitted a meaningful clinical comparison be- 
cause all three groups consisted of consecutive patients 
who were studied prospectively and managed in a sim- 
ilar manner other than the indications for delivery. 

Our protocol for following patients with preterm 
premature rupture of the membranes takes into con- 
sideration the condition of the fetus before deciding 
on the optimal plan of management. Our data suggest 
that this approach improves the outcome of pregnancy 
by reducing the incidence of maternal and neonatal 
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infection, although in the current study it did not im- 
prove the perinatal death rate. 
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The effects of maternal ambulation on the nonstress test 


Lawrence D. Devoe, M.D., Martha Arthur, B.S.N., and Nancy Searle, B.A. 


Augusta, Georgia ~ 


Using a recently develope noninvasive te'emetry device (mode! 8240A, Hewlett-Packard Co., Palo Alto, 
California), we studied, under controlled ccnditions, the effects of maternal ambulation on the nonstress 
test patterns of 100 near-term high- -risk pregnancies, randomly divided into two equal groups who 
underwent three alternating 30-minute periods of ambulation and bed rest, beginning either with 
ambulation (group 1) or bed rest (group 2). Fetal heart rate data were captured and analyzed by a 
programmed microcomputer for group mean 30-minute fetal heart rate baseline rates and variability and 
incidences and dimensions of fetal heart rate accelerations and decelerations. Both groups were similar for 
the maternal and perinatal data examined. The fetal heart rate parameters analyzed were similar within 
and between each group during each 30-minute testing segment. No episodes of sustained tachycardia or 
bradycardia weré observed. Although 13 fetuses in each group exhibited variable or late decelerations, the 
incidence of decelerations was no different during periods of rest or ambulation. Maternal ambulation does 
not elicit abnormal fetal heart rate responses in most high-risk fetuses and may be an acceptable 
alternative to conventional nonstress test conditions. (Am J OBSTET GYNECOL 1987;157:240-4.) 


Key words: Maternal ambulation, nonstress test, fetal heart rate 
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The nonstress test, an accepted method of fetal eval- 
uation,' is usually performed with the patient resting 
in a semirecumbent or lateral position. Such maternal 
testing conditions generate legible fetal heart rate trac- 
ings but do not reflect the extrauterine environment 
that the fetus encounters during normal daily levels of 
maternal activity. Earlier studies of fetal heart rate re- 
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Fig. 1. Upper panel Fow a fetal heart rate tracing obtained by telemetry during ambulation, and 
lower panel shows a fetal heart rate tracing obtained by telemetry during bed rest. . 


sponses to strenuous maternal activity*® used relatively 
“noisy” fetal heart rate transducer systems, were per- 
formed on relatively small groups, or often contained 
discontinuous recordings , of fetal heart rate patterns 
during the actual periods of maternal exercise. These 
studies did not consistently account for other testing 
conditions such as maternal fed state or time of day, 
and standard lengths of observation were not used. 


Subsequent investigations,*” using more sophisticated 


systems to study fetal heart rate response to constant 
or graded levels of maternal exercise, have also not 
considered all of the above conditions associated with 
fetal heart rate testing. A variety of feta] heart rate 
responses have been observed during or after maternal 
exercise, including sustained tachycardia or bradycar- 
dia, with and without loss of baseline variability, as well 
as no change in baseline fetal heart rate. Newer non- 
invasive fetal heart rate telemetry units that produce 
high-quality Doppler fetal heart rate recordings have 
encouraged the present study of the effects of maternal 
ambulation on-several fetal heart rate parameters ob- 
tained during nonstress testing (i.e., baseline fetal heart 
rate and its long-term variability and the frequency and 
dimensions of fetal heart rate accelerations and decel- 
erations). In addition, we wished to determine whether 


maternal ambulation altered the time needed to achieve 
nonstress test reactivity and was a clinically practicable 
alternative to conventional testing conditions. 


Material and methods 


One hundred pregnant women were enrolled from 
the Obstetrical Clinic of the Medical College of Georgia. 
All met the following criteria: (1) gestational age estab- 
lished by menstrual data and ultrasonographic corrob- 
oration; (2) singleton fetus without anomalies; (3) es- 
tablished high-risk conditions for antepartum fetal test- 
ing; (4) intact amniotic membranes; and (5) no medical 
or physical limitations for ambulation. 

Testing was performed under a standard maternal 
state protocol’ that included test initiation between 
8:30 am and 1 pM, 2 hours postprandially, with the 
avoidance of smoking or other drugs that might affect 
the fetal cardiovascular or central nervous system. Fetal 
heart rate and tokodynamometric signals were trans- 
mitted to a model 8040A electronic monitor (Hewlett- 
Packard Co.,. Palo Alto, California) in the Doppler 
mode, by a noninvasive telemetry device (Hewlett- 
Packard model 8240A). These data were captured on- 
line by an IBM microcomputer, interfaced with the 
electronic monitor, which used a software program 
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Table I. Indications for antepartum fetal heart 
rate testing 


Pigs Grup 

Intrauterine growth re- 21 17 
tardation 

Postdates 13 1] 

Diabetes mellitus 3 4 

Hypertension 4 4 

Decreased fetal 5 8 
movement 

Decreased amniotic fluid 2 2 
volume 

Miscellaneous 2 _4 

Total 50 50 
= 2.43, p > 0.9. 


*See text for group descriptions. 


developed and validated at the Medical College of 
Georgia. 

Each study session lasted 90 minutes. Before testing 
the patients were randomly assigned to one of two 
groups of equal size. Patient in group | began their 
nonstress tests during ambulation for 30 minutes, fol- 
lowed by 30’ minutes of.bed rest and an additional 30 
minutes of ambulation. For the nonstress tests of pa- 
tients in group 2 the order of ambulatory and resting 
sessions was reversed. After a 60-second baseline re- 
cording of resting maternal heart rate, the patients 
walked in the fetal testing unit at a pace deemed similar 
to their normal pace at home. At the end of each am- 
bulation period, maternal heart rate was remeasured. 
Ambulation took place at distances of 10 to 50 feet from 
the telemetry receiving unit. No study was discontinued 
for either fetal or maternal indications. Fig. | illustrates 
a typical fetal heart rate tracing obtained during am- 
bulation (upper panel) and during bed rest (lower panel) 
in a patient monitored with the telemetry device. 

Computer analysis generated 30-minute segments of 
mean baseline fetal heart rate, mean heart rate varia- 
tion (coefficient of variation of mean beat-to-beat dif- 
ferences averaged each minute), signal loss, mean fre- 
quency; amplitude and duration of fetal heart rate 
accelerations exceeding 10 and 15 bpm, and the fre- 
quency and dimensions of fetal heart rate’ decelerations 
if present. Statistical comparisons of these fetal heart 
rate parameters were made for mean 30-minute testing 
sessions within and between each group. Other data 
analyzed included maternal] age and parity, gestational 
age at delivery, test-to-delivery interval, birth weight, 
Apgar score at 5 minutes, method of delivery, and the 
presence of intrapartum or neonatal complications. 
Statistical methods included multiple ¿ tests, analysis of 
variance, or x° tests where appropriate. 


Results 


Maternal and perinatal outcomes. Both study groups 
were similar for the specific high-risk test indications 
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as shown in Table I. Table II demonstrates that both 
groups were also similar for maternal gravidity and 
parity, gestational age at testing, test-to-delivery inter- 
val, birth weight, cesarean section rates for intrapartum 
fetal distress, and 5-minute Apgar scores. The actual 
incidences of intrauterine growth retardation, defined 
as birth weight below the tenth percentile for gesta- 
tional age, and postmaturity syndrome were also similar 
for both groups (Table Il). There was one neonatal 
death in group 2 of a 2497 gm male infant, born at 33 
weeks’ gestational age to a mother with class D diabetes 
mellitus. Death was attributed to the sequelae of pro- 
found intrapartum asphyxia, resulting from abruptio 
placentae. 

Fetal and maternal heart rate parameters during am- 
bulatory and nonambulatory testing sessions. Within 
each group, mean maternal pulse rate after ambulation 
rose by an average of 20.5 + 4.5 (SD) bpm over mean 
resting pulse rates and did not differ significantly for 
any ambulatory session. Mean 30-minute baseline rate 
or variation and the incidence or dimensions of 10 or 
15 bpm accelerations did not differ significantly from 
one testing session to another within or between the 
two groups (Table III). The incidence of fetuses with 
significant variable or late decelerations ranged from 
12% to 18% during any 30-minute session and was 
most frequently associated with postmaturity syndrome 
(seven cases). Thirteen fetuses in each group exhibited 
occasional late or variable decelerations during one or 
more of their 30-minute test segments. The outcomes 
of these fetuses and their distribution during the testing 
segments are shown in Table IV. The actual frequency 
of variable or nonrepetitive late decelerations did not 
differ during any test period within or between the 
groups. Neither prolonged tachycardia nor bradycar- 
dia was observed during any of the testing sessions. 
Mean signal loss was significantly higher during ma- 
ternal ambulation (7.7% + 6.7% [SD]) than during bed 
rest (4.8% + 6.8% [SD]) but did not exceed 22% in any 
single 30-minute period. The mean time required to 
achieve nonstress test reactivity (the presence of at least 
three accelerations exceeding 15-bpm and 15 seconds’ 
duration) was similar whether testing was begun with 
ambulation (23.8 + 20.5 minutes) or bed rest (19.7 + 
17.3 minutes). Only one nonstress test in each group 
failed to become reactive within 90 minutes; in each 
instance the pregnancy was complicated by intrauterine 
growth retardation. | 


Comment 


Recent studies®” indicate a renewal of interest in the 
acute effects of maternal exercise on the fetal cardio- 
vascular system. Most have investigated activity levels 
more strenuous than those associated with ambulation. 
Few have maintained continuous fetal heart rate mon- 
itoring during the actual period of exercise, and most 
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Table If. Maternal and perinatal characteristics of the study population 


; 


no 
~ 


Maternal age (yr) 

Gravidity 

Parity 

Gestational age (yr) 

Test-to-delivery interval (days) 

Birth weight (gm) 

5 min Apgar score 

Complications 
5 min Apgar score <7 
Intrapartum fetal distress 
Intrauterine growth retardation 
Perinatal deaths 


Sy 
Oo mew WS 


*Data presented as mean + SD. 
TBy £ test. 

By x’ test. 

§Fisher’s exact test. 


>i wh ON 


Table III. Fetal heart parameters in ambulatory patients (group 1) and those at bed rest (group 2) 


First 30 min 


Baseline fetal heart 140 + 8* 137 + 8 
rate (bpm) 

Minute coefficient of 0.035 + 0.01 0.035 + 0.01 
variation 

Frequency of accel- 5.8 + 4.2 6.7 + 5.1 
erations >15 bpm 

Frequency of accel- 10.362 11.5162 
erations >10 bpm 

Amplitude of accel- 19.4 + 2.8 19:9 +33 
erations >15 bpm 

Amplitude of accel- foul 2:5 6.2 + 3.8 
erations >10 bpm 

Duration of acceler- 29.1 Æ- 16.2 25.5-+ 12.1 
ations >15 bpm 
{sec) 

Duration of acceler- 21.9 + 7.6 20.3 + 9.7 


ations >10 bpm 
(sec) 


*All values expressed as means + SD. 


have confined their observations to preexercise and 
postexercise effects on fetal heart rate baseline in nor- 
mal pregnant patients. With few exceptions,'® ' factors 
associated with fetal heart rate testing conditions, such 
as maternal fed state or time of day, were not specific 
in these studies. Although the impact of maternal di- 
etary state on fetal activity may be controversial, data 
reported by Richardson et al.“ and our group" suggest 
that quantitative differences in fetal biophysical activity 
patterns may exist when maternal fasting and fed states 
are compared. Finally, only one previous study has ad- 
dressed the effects of maternal exercise on fetal heart 
rate reactivity.'° This study examined only seven nor- 
mal subjects, did not use continuous monitoring, and 
had observation intervals of 60 minutes or less. There- 
fore it is quite difficult to make valid direct comparisons 


+ 5.0* 23.1 + 4.2 <0.01+ 
= 15 2.2 + 1.4 >0.10f 
+= 1,2 0.7 + 0.9 >0.107 
* 3.1 38.8 + 2.2 >0.10t 
+ 13.0 94+ 0.9 >0.05+ 
+ 469 3083 + 762 >0.107 
+ 0.4 8.8 + 0.9 2DA0t 
2 2 >0.05ċ+ 
4 6 >0.05§ 
3 4 >0.05t 
0 l 0.50$ 
Second 30 min Third 30 min 
Group 2 
138 + 7 138 + 7 137 + 7 138 + 11 
0.037 + 0.01 0.039 + 0.01 0.041 + 0.02 0.036 + 0.01 
6.6 + 4.8 6.4 + 4.3 6.0 + 4.9 6.4 + 4.8 
12.5 + 6.4 12.7 + 5.4 11.6 + 6.3 11.2 + 6.2 
20.1 + 3.6 20.4 + 5.2 20.6 + 5.8 20.5 + 3.7 
16.1 + 2.8 16.4 + 3.9 16.5 + 4.0 16.7 + 4.2 
27.9 + 13.5 27.0 + 12.1 27.7 + 12.9 294+ 13.7 
22.1 + 9.2 23.5 + 7.1 21.5 + 9.0 23.9 + 10.4 


Table IV. Incidence and outcomes of fetuses 
with late or deep variable heart 
rate decelerations 


Group I | Group 2 
(N = 13) | (N = 13) 
Test segment* 
First 30 min 7 9 
Second 30 min 6 7 
Third 30 min 8 7 
Complication 
Postmaturity 5 2 
Intrapartum fetal distress 4 6 
Intrapartum growth retardation l l 
5 min Apgar score <7 l l 
None 2 3 


*The same fetus may be represented in more than one 30- 
minute segment. 
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of these previous data with those of the present study. 
The general impression suggested by earlier work is 
that the response of fetal heart rate baseline to maternal 
exercise, whether mild or moderate, may be quite vari- 
. able in normal subjects and includes significantly ele- 
vated or reduced baseline fetal heart rates, as well as 
the absence of fetal heart rate baseline changes. The 
application of ambulatory fetal heart rate monitoring 
to the detection of fetal compromise in complicated 
pregnancies has been very limited, involving primarily 
the observation of changes in baseline fetal heart rate 
relative to the period of maternal exertion. Although 
Stembera’ and Pomerance et al.* noted a positive cor- 
relation between alteration in baseline fetal heart rate 
and subsequent fetal outcome, neither report led to 
widespread clinical use of maternal exercise testing. 


The present study differs from previous reports in. 


that all subjects were drawn from a high-risk popula- 
tion. Fetal heart rate monitoring was continuous 
throughout the observation period, and fetal heart rate 
parameters were analyzed in addition to baseline rate. 
It does share a problem common to many of the earlier 
studies because maternal physiologic parameters other 
- than heart rate were not measured and the rate of 
ambulation was not rigidly controlled.. Therefore it is 
possible that in spite of similar postambulatory in- 
creases in maternal heart rate, the absolute level of 
exertion was not the same for all ambulatory patients. 
Our data suggest that maternal ambulation does not 
significantly alter the fetal heart rate patterns of either 
normal or compromised fetuses, when compared with 
those obtained during bed rest. Maternal ambulation 
is associated with higher loss of fetal heart rate signal 
and does not shorten the time required to produce a 
reactive nonstress test result. However, in no instances 
was fetal heart rate legibility unsatisfactory for visual 
interpretation. Telemetry devices that can transmit a 
high-quality signal may allow fetal heart rate testing to 
be performed in a setting more acceptable to patients 
who prefer not to be physically confined to a bed or 
chair. With the future development of sophisticated 
remote communication systems, this may also provide 
the potential for performing such testing at home, thus 
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making ambulatory fetal heart rate testing even more 
convenient for high-risk patients. Whether the cost of 
this equipment and the inherent trade-off of increased 
signal loss could make this application more widely ap- 
plicable requires further investigation. 
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Fetal monitoring during emergency obstetric transport 


John P. Elliott, M.D., and Rebecca Trujillo, R.N. 
Phoenix, Arizona 


The practicality of fetal heart rate monitoring during fixed-wing transport of obstetric emergencies was 
evaluated. Fifty-seven transports were performed and 40 (70%) were monitored successfully with the 
electronic fetal heart rate monitor. External fetal heart rate monitoring was technically accomplished in 83% 
of monitored transports. Of the 40 patients monitored, 33 (83%) of the fetal heart rate tracings were 
considered useful for adequate evaluation of the fetal heart rate and contraction frequency. No patients 
had late decelerations during transport. At cabin pressures from 1100 feet to 7000 feet, fetal hypoxia as 
measured by late decelerations was not present in any patient. (Am J Osstet Gynecol 1987:157:245-7,) 


Key words: Fetal heart rate, maternal transport, monitoring, fetal distress 


Maternal transport of high-risk perinatal patients has 
resulted in improved survival, decreased short- and 
long-term morbidity, and decreased cost of hospital- 
ization for the infants transported in utero and deliv- 
ered at a tertiary care center.” Short-distance trans- 
ports can be accomplished by ambulance or helicopter, 
but longer-distance transports are usually accom- 
plished with fixed-wing aircraft. The safety of travel 
for the fetus at altitude has not been adequately estab- 
lished as evidenced by different policies regarding 
flying while pregnant for transport nurses, flight at- 
tendants, and pilots. 

Adequate assessment of the fetus in a high-risk sit- 
uation would ideally use the technique that gives the 
most accurate information. Electronic fetal heart rate 
monitoring has become the accepted standard of care 
for intrapartum monitoring of high-risk pregnancies. 
Many of the transported patients are in labor and in a 
high-risk status for one or more reasons. Thus, elec- 
tronic fetal heart rate monitoring during transport 
would be beneficial if it can be accomplished despite 
the adverse conditions of turbulent flight and patient 
positioning. Monitoring of the fetus during transport 
is currently accomplished most frequently by intermit- 
tent Doppler auscultation. A prospective study was de- 
signed to examine the usefulness of electronic fetal 
heart rate monitoring during fixed-wing transport of 
obstetric emergencies. A second problem addressed by 
this study is the effect of altitude on fetal oxygenation. 
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Material and methods 


All patients included in this study were transported 
by Air Evac Air Transport Service operated by SamCor 
based in Phoenix, Arizona. The study population in- 
cludes all fixed-wing maternal transports from October 
13, 1985, to December 31, 1985. Three types of aircraft 
were used to transport patients: a twin-engine Cessna 
414, a twin prop-jet 441 Conquest, and a twin prop-jet 
Gulfstream Turbo Commander 900. These aircraft 
were all pressurized and have been specially equipped 
for transporting pregnant patients. A Litton fetal heart 
rate monitor, model 550A (Litton Datamedix, Sharon, 
Massachusetts), was used during these transports, with 
an external Doppler ultrasonographic device for re- 
cording fetal heart tones and a tokodynamometer to 
detect uterine contractions. Five full-time and two part- 
time perinatal transport nurses accompanied all flights. 
All transport nurses have several years of obstetric ex- 
perience in maternal-fetal intensive care. These nurses 
operated with protocol orders for medications and un- 
der the supervision of perinatologists in Phoenix. All 
patients were transported in left lateral position. The 
external monitors were applied and an attempt was 
made to monitor each transport. Twins were monitored 
intermittently because of the availability of only one 
Doppler recorder. 

Monitor strips were evaluated by the authors with 
regard to quality of the tracing and the presence or 
absence of periodic fetal heart rate changes (accelera- 
tions, variable decelerations, and late decelerations). 
Maternal vital signs were monitored every 15 minutes 
during transport. Cruising altitude of the plane and 
cabin altitude were recorded. 


Results 


Fifty-seven emergency obstetric transports were per- 
formed by fixed-wing aircraft during the study period. 
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Table I. Indications for transport to level III 
tertiary hospital 


Patients 
Indication for transport (No.) 
PROM or premature labor (<30 wk) - dl 
PROM or premature labor (>30 wk) 21 
Preeclampsia 9 
Eclampsia 2 
Significant third-trimester hemorrhage 5 
Pyelonephritis 2 
CPD 2 
Postdates (meconium) 2 
Previous cesarean section in labor 2 
Brain tumor A 
Total 57 


PROM, Premature rupture of membranes; CPD, cephalo- 
pelvic disproportion. 


Patients were transported from rural areas of Arizona, 
California, and New Mexico to one of three tertiary- 
level maternity hospitals in Phoenix. One-way mileage 
between Phoenix and these communities ranged from 
184 to 598 statute miles. Air travel time ranged from 
25 minutes to 80 minutes. Cruising altitude ranged 
from 9500 feet to 23,000 feet and cabin altitude main- 
tained by pressurization was 1100 feet to 7000 feet. Of 
the 57 patients transported, 40 (70%) were monitored 
successfully with the electronic fetal heart rate monitor 
from a technical viewpoint. Seventeen patients (30%) 
were not monitored. Reasons for failure to monitor 
included: maternal obesity (three patients), no monitor 
available (four patients), no inverter (a device that al- 
lows a 120 v appliance to be operated from an airplane 
battery) available (five patients), and other (five pa- 
tients). If a monitor was available and working, 40/48 
(83%) of the patients were monitored successfully. The 
remaining 17 patients were monitored with an inter- 
mittent Doppler device. The indications for transport 
are summarized in Table I. 

The 40 fetal monitor tracings were evaluated with 
respect to the quality of the data on the tracing con- 
cerning fetal heart rate and uterine contractions. Of 
the 40 strips available for review, 33 (83%) were con- 
sidered “good” quality. “Good” quality was defined as 
a clear, readable tracing at least 50% of the time en- 
route. It was considered useful for evaluation of fetal 
heart rate and contraction frequency. Seven (17%) were 
rated as “poor” quality. “Poor” quality was defined as 
an unreadable tracing >50% of the time on the mon- 
itor. Accelerations of the fetal heart rate (>15 bpm) 
were recorded on 36 tracings. Contractions were pres- 
ent on 29 tracings. Three patients had mild variable 
decelerations during flight. Two of these patients had 
premature rupture of membrares and preterm labor 
and one patient had premature labor with intact mem- 
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branes. There was no evidence of late decelerations on 
any of the tracings. 


Comment 


Regionalization of perinatal health care has been de- 
veloping since the mid 1970s. Neonatal intensive care 
units developed at large urban hospitals evolved into 
high-risk centers where patients with obstetric and neo- 
natal complications could be sent to use the centralized 
availability of specialists in high-risk obstetrics, newborn 
intensive care, ultrasonography, pulmonary medicine, 
anesthesia, cardiology, etc. Neonates whose mothers 
were transported ante partum to the tertiary center 
were compared with those transported after birth in 
several studies.*° Conclusions supported by these data 
include increased survival, decreased short- and long- 
term morbidity, and decreased cost of hospitalization 
for the infants transported in utero and delivered at 
the tertiary center. The benefits of maternal transport 
with delivery of the infant at the tertiary center resulted 
in lower perinatal mortality and morbidity rates in 
other studies.** : 

Transportation of the high-risk pregnant patient has 
been accomplished by ambulance, helicopter,’ and 
fixed-wing aircraft.’ In sparsely populated regions, 
long transport distances may be necessary. To ensure 
safety, both mother and fetus must be monitored 
closely. Reasons for maternal transports frequently in- 
volve premature labor, and tocolytic drugs are often 
used to inhibit labor while moving the patient. Women 
with hypertension or significant vaginal bleeding may 
be at risk for fetal distress. The added potential hypoxia 
of transporting these patients at altitude in a fixed-wing 
aircraft must be evaluated. 

In this study we were able to successfully monitor 
70% of our patients on fixed-wing flights by electronic 
fetal heart rate monitoring. During nine transports a 
monitor was not available so, if these are eliminated, 
83% of transported fetuses were monitored success- 
fully. The remaining 17 patients were monitored by 
Doptone. Eighty-three percent (83%) of these tracings 
were judged to be adequate to evaluate uterine activity 
and fetal heart rate data. Only three patients demon- 
strated decelerations (all mild variables) and 36 out of 
40 had accelerations (considered a reassuring sign of 
fetal well-being). Even the “poor” quality tracings were 
useful in that each of these had at least a 10-minute 
strip that often contained acceleration of fetal heart 
rate. Certain factors were considered important and 
affected the quality of the tracings: excessive fetal 
movement preventing adequate tracing, turbulence af- 
fecting the airplane and the monitor, maternal obesity, 
and improperly applied monitors (belts too loose or too 
tight). It was felt that the monitor was useful in ob- 
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taining adequate tracings of fetal heart rate during 
transport. These data could then be used for thera- 
peutic interventions: administering oxygen, tocolytic 
‘drugs, change of maternal position, etc. 


The effect of altitude on fetal oxygenation has been 


a question since transport by plane began. We at- 
tempted to evaluate this question clinically by observing 
the fetal heart rate tracings for signs of hypoxia. Murata 
et al.,” reported data from monkeys that suggests that 
as the fetus becomes more hypoxic and then acidotic, 
the first signs of hypoxia observed in the fetal heart 
rate are intermittent late decelerations followed by con- 
_ sistent late decelerations and finally a loss of accelera- 
tion that progressed to death as the Po, was lowered 
and acidosis became worse. 

Although a crude observation, there were no late 
decelerations noted on any tracing in this study. This 
represents indirect evidence that fetal hypoxia did not 
occur during these flights. None of the patients had 
fetal distress at the referring hospital before transport. 
The use of pressurized cabins seems to have little or 
no effect on fetal oxygenation as measured clinically 
by fetal heart rate monitoring. This question would also 
_ concern pregnant flight nurses, airline attendants, or 


| ee : pilots. It appears that a flight with cabin pressures be- 


= tween 1100 feet and 7000 feet is safe for the fetus at 
least for : short periods of flight up to 80 minutes. 
In summary, the benefits of electronic fetal heart rate 





“monitoring can be used during the relatively long time 


_ of fixed- -wing transport to monitor the fetus more ac- 
curately than with intermittent Doptone. Sixty-six per- 
cent of all of the transported patients could be moni- 
tored adequately; however, there were some patients 
who could not be monitored for various reasons. These 
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Congenital heart block and cardiac anomalies in the absence of 
maternal connective tissue disease 


_ Lewis Shenker, M.D., Kathryn L. Reed, M.D., Caroline F. Anderson, R.D.M.S., 
` Gerald R. Marx, M.D. Richard E. Sobonya, M.D., and Anna R. Graham, M.D. 


Tucson, Arizona 


The association of congenital heart block with maternal connective tissue disease and autoimmunity has 
been recently reported. Two cases of heart block were diagnosed in utero at 23 and 24 weeks’ gestation. 
Both mothers had extensive workups for connective tissue disease that were negative. Two-dimensional 
and Doppler echocardiograpy were performed in utero and both infants had left atrial isomerism, 
atrioventricular canal defects, and severe hydrops in addition to heart block. Review of the recent literature 
identifies a subset of congenital heart block in which the mothers have no evidence for connective tissue 
disease, and the fetus or neonate has complex cardiac malformations and hydrops. The common features 
in these babies are atrioventricular canal defects and isomerism. No reports of congenital heart disease 

- among the children of mothers with connective tissue disease fit this description. Our recent experience 
and literature review emphasize the previously known association between congenital heart block and 

‘congenital heart disease. This association is especially important in light of the poor prognosis for this 
group of fetuses and neonates. (Am J OBSTET GYNECOL 1987,157:248-53.) 


Key words: Congenital heart block, atrioventricular canal defect, isomerism, polysplenia, 


asplenia, connective tissue disease 


~~ Congenital heart block can now be diagnosed 
= prenatally’ and its association with maternal connective 
< tissue disease has been reported.” * We diagnosed con- 
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genital heart block in two fetuses whose mothers did 
not have clinical or laboratory evidence of connective 
tissue disease. Both fetuses had severe heart disease and 
hydrops. We reviewed the literature to determine 
whether this association was common. We found an 
association of congenital heart block with specific car- 
diac anomalies in the absence of maternal antibodies. 
Perinatal outcome in these cases was almost uniformly 
fatal. 





Fig. 1. M-mode echocardiogram of Case I. Right ventricular (RV) contractions are labeled with large 
arrows, Atrial (A) contractions are labeled with small arrows. Leaflet motion is seen between atrium 
and ventricle. Vertical dots are 1 cm apart; paper speed is 2.5 cm/sec. | 
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Spine 


Fig. 2. Two-dimensional ultrasound and line d 
the atrial septum is absent. RV: Right ventricle; LV: left ventricle: A: atrium. 


Case reports 

Case 1. Z. B., an 18-year-old black woman. grav- 
ida 2, para 1, had a fetal heart rate of 60 bpm reported 
at 23 weeks’ gestation. The initial fetal cardiac ultra- 
sound study, with two-dimensional, M-mode. and 
Doppler echocardiography, confirmed the diagnosis of 
complete heart block with an atrial rate of 80 bpm and 
a ventricular rate of 45 bpm (Fig. 1) No ascites or 
pericardial and pleural effusions were present. Mater- 
nal anu-SSA, anti-SSB, and antinuclear antibodies were 
negative. 

An ultrasound study at 26 weeks’ gestation revealed 
persistent heart block with bilateral ventricular hyper- 
trophy. The atria were dilated and no atrial septum 
could be identified. A common atrioventricular canal 
with a common atrium, single atrioventricular valve, 





rawing for Case 1. Ventricles are abnormally thick; 






Heart block and cardiac anomalies 
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and ventricular septal defect was diagnosed (Fig. 2). A 
small pericardial effusion was noted. _ 

Ultrasound examinations were repeated at l- to 2- 
week intervals. The outflow tracts appeared abnormal 
with a hypoplastic-appearing pulmonary artery and a 
dilated ascending aorta. 

Genetic amniocentesis was performed; the karyotype 
was reported as 46,XX inv (4) (p14q21). Polyhydram- 
nios and massive fetal edema with pleural effusions 
developed while the fetus was under observation. At 
33 weeks’ gestation, fetal movement had ceased and 
ultrasound examination confirmed the diagnosis of fe- 
tal death, Labor was induced and the patient was'de- ` 
livered of a stillborn breech infant weighing 1780 gmo 


Postmortem examination revealed polysplenia with 
bilaterally left-sided bilobed lungs and left atrial iso- 0o00 
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Fig. 3. Two-dimensional studies m Case 2 
ing. A: Atrium; RV: right ventricle; LV 
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_A, Two-dimensional ultrasound study. B, Line draw- 
= left ventricle. C, Right side of atrium (RA) is seen with | 


superior vena cava (SVC) entering; no inferior vena cava is seen. AO: Aorta, PA: pulmonary artery; 


L: liver. 


> mer ism. The suprarenal portion of the inferior vena 
Cava was interrupted with azygous venous continuation 
into the superior vena cava. Bilateral superior venae 


- eavae were identified. A common atrium, complete 
atrioventricular canal, and severe right ventricular out- 


- flow tract obstruction were present. Malalignment and 


<- inferior displacement of the parietal band with severe 


~ Gnfundibular pulmonic stenosis and probable pulmo- 

“nary atresia were found with a very hy poplastic main 
pulmonary artery. The aorta was dilated and overrode 
the interventricular septum. Cardiomegaly, pleural ef- 


- | fusions (20: ml on each side), and pericardial effusion 
= {5 ml) were confirmed. 


Case 2. M. M., a 36-year-old woman, gravida 4, 
para l, abortions 2, was referred at 22 toi 23 weeks’. 
gestation for fetal cardiac studies with a per sistent fetal 
bradycardia (90 bpm). Anti-SSA, anti-SSB, and anti- 
nuclear antibodies were absent. Her first pregnancy wa 
uncomplicated; her second pregnancy was a 
with the diagnosis of trisomy 21 at 16 weeks’ gestation. 
Her third pregnancy resulted in a first- trimester spon- 
taneous abortion. During the current pregnancy, cho- 
rionic villus sampling was performed at 8 weeks; the 
karyotype was 46, XX. 


On fetal cardiac examination. ventric ular: hy pertro- 7 


phy and an atrioventricular septal defect were diag 
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Fig. 4. Doppler echocardiogram of left ventricular inflow and outflow in Case 2. Ventricular (aortic 
outflow, above zero line) rate is 60 bpm; atrial (second peak of mitral inflow tracing, below zero 


line) rate is 90 bpm (3:2 block). 


nosed (Fig. 3, A and B). The inferior vena cava was not 
identified (Fig. 3, C). Pleural effusions were present. 
On M-mode echocardiography, the atrial rate varied 
between 90 and 100 bpm; the ventricular rate was be- 
tween 60 and 75 bpm. The rhythm was suggestive of 
a second-degree Mobitz type II block (Fig. 4). 

By 32 weeks of pregnancy, polyhydramnios and fetal 
ascites had appeared. Cesarean section was performed 
_ at 33 weeks at the request of the parents, both of whom 


? -were physicians. The hydropic infant weighing 2600 
~.- gm had an Apgar score of l at | minute and 5 minutes. 


_ Despite initial attempts at resuscitation, ventilation of 
the lungs was unsuccessful and the infant died. 

Postmortem examination revealed polysplenia, bilat- 
eral left-sidedness, and left atrial isomerism with an 
atrioventricular septal defect, bilateral superior venae 
cavae, and myocardial hypertrophy (Fig. 5). There was 
significant left ventricular outflow tract obstruction: the 
aortic anulus was narrowed, with a trileaflet aortic valve 
and posistenotic aortic dilation. A central liver, absence 
of the gallbladder, chronic stenosing cholangitis, and 
malrotation of the bowel were found. Ascitic fluid vol- 
ume was 385 ml. 


Comment 


Our findings in these two patients with congenital 
heart block without maternal connective tissue disease 
led us to a literature search to discover similar associ- 
ations. Congenital heart block occurs in 1/20,000 neo- 
nates.’ In many instances, maternal serologic test results 
positive for a variety of antibodies related to connective 
tissue disease have been described.> There were 60 
cases with sufficient data to document the association 
between connective tissue disease in mothers of some 
babies with congenital heart block. In those patients, 
congenital heart block is accompanied by cardiac mal- 
formations in 23%. Twelve children had endocardial 
fibroelastosis and 14 had congenital heart disease. Six 
had a patent ductus arteriosus; two had dysplastic pul- 









Fig. 5. Heart and lungs from Case 2. Cardiac enlargement, 
bilobed lungs, left atrial isomerism, and bilateral superio 
venae cavae are present. Note the disparity between the size 
of the great arteries. re ae 


monary valves; five had L-transposition. No complex 
cardiac abnormalities with isomerism were found.’ 
Review of the recent literature on congenital heart 
block discloses a group of patients in whom the diag- 
nosis of congenital heart block was made either pre- 
natally or in the immediate neonatal period and in 
whom all fetuses had complex congenital heart disease, 
usually accompanied by fetal hydrops. Twenty-six cases. 
of congenital heart block accompanied by congenital 
heart disease diagnosed in the antepartum or imme- 
diate neonatal period have been reported since 1979 
(Table I). The mothers of these children had no clinical : 
or laboratory evidence of connective tissue disease. In _ 
each of these cases, the cardiac anomalies of atrioven- 
tricular septal defects and isomerism were present. 
Case 6 met all the criteria for left isomerism, but 
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Gestational age 
at diagnosis 


12 days old 
3 weeks old 
2 months old 
2 months old 


24 weeks’ gestation 
32 weeks’ gestation 


Birth 
28 weeks’ gestation 
2 months old 


Birth ` 
38 weeks’ gestation 


Birth 
Birth 
Second trimester 
Second trimester 


33 weeks’ gestation 
38 weeks’ gestation 


29 weeks’ gestation 


21 weeks’ gestation 
29 weeks’ gestation 


29 weeks’ gestation 
27 weeks’ gestation 


23 weeks’ gestation 
24 weeks’ gestation 


patients with structural heart dis- 
: vet heart block.” All fetuses or 


ts. a are consistent with different t pathologic oba 
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ar block with congenital heart disease and isomerism 


Atrial Fetal Mode of z j | 
isomerism hydrops delivery Outcome 





rA Died 

-+ Died 

+ Died 

7 Died 

+ + C/S Died 1 mo 
+ + Died | hr 
+ ? Died 6 wk 
+ + Died 10 min 
+ ? Died 2 min 
+ + C/ S E < Survived 

+ + C/S Died 1 day 
+ + Died 12 days 
+ + Died 

+ + Abortion 

+ + Abortion 

F F Stillborn 

+ + C/S Died 2 yr 
-+ + Died 36 wk 
+ -+ Abortion 

+ + Sullborn 

+ + Died 1 day 
+ + Died 1 day 
+ + Sullborn 

+ + C/S Died 2 hr 


nisms for the conduction abnormality and the struc- 
tural abnormalities, depending on the presence or ab- 
sence of abnormal maternal antibodies typical of con- 
nective tissue disease. 

The pathologic basis for complete heart block in pa- 
tients with left isomerism has been described by Ih 
etal. There is duplication of the atrioventricular node; 
the separate nodes are connected by a sling of con- — 
duction tissue. In three patients with congenital heart g 


block, an interruption of the connection. of the sling. to. ba 
the ventricular bundles was seen. Garcia et al.” stated — | 


that the sling is an anaoa, substrate for the ze. 







fested by fe fetal hydrops elon bea an o inevitable com 
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plication of the combination of atrial isomerism, com- 
plex cardiac malformations, and heart block. Hydrops 
was reported in almost every case with clinical infor- 
mation available. Only one surviving patient has been 
described. When the diagnosis was made prenatally or 
at birth, there were 17 neonatal deaths, three stillbirths, 
and three induced abortions. 

The patients reviewed and reported on manifested 
the most severe expression of isomerism. When iso- 
merism is accompanied by heart block, atrioventricular 
septal defects, and hydrops, the affected fetus is almost 
uniformly unsalvageable. Despite the advances in pace- 
maker therapy of congenital heart block uncomplicated 
by anatomic abnormalities, the very high perinatal mor- 
tality of the group of patients described is discou raging. 

Our experience and the literature review suggest that 
cesarean section for a fetal indication is not justifiable. 

Once the diagnosis of heart block has been confirmed 
by appropriate ultrasound studies and other causes of 
slow fetal heart rates such as persistent nonconducted 
atrial premature beats have been ruled out, the fetal 
heart must be carefully examined. Special attention 
should be directed to determine whether an atrioven- 
tricular canal defect, inferior vena cava, and abnormal 
pulmonary artery or aorta are present. Maternal an- 

© tbody studies, such as antinuclear antibodies, anti- 
i -deoxyribonucleic acid antibodies, anti-Ro (anti-SSA) 
antibodies, and anti-La (anti-SSB) antibodies should be 
done, and a history and physical examination of the 
mother, particularly for the presence of connective tis- 
sue disease, should be performed. In the presence of 
fetal cardiac anomalies, a genetic amniocentesis is rec- 
ommended, especially with the increased association of 
Down syndrome with atrioventricular canal defect. If 
hydrops is not present, expectant management is ap- 
propriate, and vaginal delivery is safe. In the presence 
of hydrops with a normal karyotype and without major 
abnormalities, delivery by cesarean section when lung 
maturity has been confirmed, or sooner if fetal sur- 
veillance indicates deterioration in fetal condition, is 
desirable. The hydropic fetus without lethal cardiac 
anomalies should not be subjected to labor. If isomer- 
ism, atrioventricular septal defect, and hydrops are di- 
agnosed, interruption of pregnancy or the avoidance 
of cesarean section for fetal indications is recom- 
mended. It is important to include the consultation of 
pediatric cardiologists and neonatologists to individ- 
ualize intrauterine and neonatal management. 
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: cing psychological adjustment to a fetal deatt . 
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Les Angel California, 


~The loss of a child in utero can be a tragic experience. The purpose of the present study was to examine 
‘some. patient characteristics that may predict which women are likely to have problems in adjusting to the 











































. as they developed. (Am J OssteT Gynecot 1987;157:254-7.) 


_. The loss of a child ‘in utero is similar to the death of 
© any loved one and is often associated ae significant 
“long-term psychological consequences.’ * Unfortu- 
“nately, patients often must carry the burden of the 
; death alone because medical personnel, friends, and 
: family. members may not realize the extent of attach- 
” “ment thata mother has for her unborn infant and thus 
they underestimate the grief and sorrow that she feels.” 

ee Nota Jot is known about what affects positive psy- 
oe chological adjustment to this type of loss. The purpose 
< of the present study was to examine some patient char- 
K ? acteristics that may predict which women are likely to 
© have problems i in adjusting to the loss and to examine 
the effectiveness of interventions by care providers in 

facilitating emotional recovery. 

Previous research using a cognitive adaptation model 
of coping has found that individual responses to a trau- 
matic event depend on the meaning of the loss to the 

| "person experiencing it.‘ The meaning of a fetal death 
- is likely to be affected by three patient characteristics: 
: < how much the woman wanted the child, whether she 
~ has other children, and whom she blames for the loss. 
ees The assignment of blame can be particularly important 
fe -because these judgments are associated with feelings of 
being: treated unfairly, the perception that a similar 
i -event can be avoided in the future, and distressing ru- 
- minations about the event. We measured these three 
-patient characteristics to see if they predicted how well 
7 the: women were coping with the loss. 
The effects of two interventions on the part of med- 
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dos and to examine the effectiveness of interventions by care providers in facilitating emotional recovery. 
: enty-eight women who were no more than 4 weeks post partum from a fetal death were interviewed 
waiting to see their physicians at the fetal demise clinic at Los Angeles County Women's Hospital. It 
va found t that- women were less depressed after the loss if they already had children, if they did not 
‘blame themselves for the death, and if they received a picture of the infant or were allowed to see the. 
infant. Women benefited from sympathy from the medica! personnel and being kept informed of problems 


es words: Coping, fetal death, blame, psychological adjustment 


ical care providers were also examined: providing the 
mother with a picture of the infant or an opportunity 
to see the infant and informing the mother about the 
cause of death. The recent literature suggests that it is 
helpful for parents to see their dead infant (despite 
deformities), hold the infant, name it, and bury it.*° 
Some hospitals have begun to take pictures of the child 
and give death certificates and mementos of the child 
to the parents to help establish the child’s identity. How- 
ever, the effectiveness of these procedures has not been 
established in a controlled study. Therefore, one goal 
of this study was to see if mothers who received pictures 
of the child or saw the infant would. find it easier to 
deal with the loss. 

If was also expected that knowledge of the cause of 
the infant’s death would facilitate the recovery process. 
Research on other types of losses has found that it is 
particularly difficult for people to deal with a misfor- 
tune when they do not understand why it happened to 
them.’ Also, guilt is the most common postmiscarriage 
emotion.’ Knowing the cause of death may help alle- 
viate some of this guilt. 

Finally, the study examined women’s perceptions of 
the ways in which medical personnel were supportive 
and helpful to them in dealing with the loss and ways 
in which the medical personnel were not helpful. It was 
hoped that the women’s observations would provide 
additional information about ways in which care pro- 
viders could aid in the recovery process. 


Material and method 

Twenty-eight women who were no more than 
4 weeks post partum from a fetal death or perinatal 
death were interviewed while waiting. to see the phy- 
sician at the fetal demise clinic at Los ‘Angeles County 
Women’s Hospital, University « of Southern | California 









Medical Center. The fetal demise clinic was established 
to ensure more consistent antepartum and postpartum 
medical care for patients who have experienced a fetal 
death. This clinic allows women to receive postpartum 
checkups and antepartum care in a setting away from 
women who have had a successful pregnancy. The clinic 
was designed to not only give consistent medical care 
to these patients but also attend to the psychological 
and emotional needs of the patient. Physicians are di- 
rected to give special attention to the patient’s emo- 
tional needs, and patients who are particularly dis- 
turbed by the incident are referred to a social worker. 
Patients are encouraged to see, touch, and hold their 
infants if they feel comfortable doing so. Pictures are 
also taken of the child and offered to the parents. How- 
- ever, because the hospital is often overcrowded, these 
procedures may not always be completed. Therefore 
not all families are offered a chance to hold their child, 
and pictures are not always taken. All patients are en- 
couraged to have an autopsy performed. However, a 
large number of patients refuse to have this procedure 
completed. The goal of the clinic is to have a su pportive 

facility in which patients can be treated. However, be- 
cause of overcrowding and understaffing the clinic does 


_. not always meet these high standards. 


_ The average age of the respondents was 30 years, 
ging from 15 to 39 years (mode 21). Ninety-six per- 
cent of the sample were Hispanic and spoke little or 





7o “no English. On average, the respondents had been in 


the United States for 7 years. The sample was also very 
religious, with 92% of the respondents reporting that 
they considered themselves religious (56% considered 
themselves very religious). 

The 30-minute interview was conducted by a nurse 
employed by the hospital. This nurse did not normally 
work in the fetal demise clinic. At the end of the in- 
terview the depression subscale of the Symptom Check 

List (SCL-90) was administered to each patient as a 
measure of coping. The SCL-90 is a multidimensional 
self-report symptom inventory oriented toward the 
measurement of psychological symptomatic distress. 
Information was also collected from the patient’s med- 
ical chart. Family members were not allowed in the 
room during the interviews to ensure that the patient 
felt free to answer all questions. Interviews were con- 
ducted in the respondent’s native language and tape 
recorded. Pearson correlation coefficients (r) were used 
to analyze the data. 


Results 

The fetus was carried an average of 36 weeks and 
weighed an average of 2373 gm. More than half the 
sample had pregnancy complications such as breech 
births and diabetes. This was the first pregnancy for 
32% of the women, 36% were taking medications dur- 























ing their pregnancy, and 19% had ree 
care. ao AE 
As a measure of attachment, women 
about their feelings. about being pregnai 1 
percent of the women reported being very] 
being pregnant, 12% were unhappy about being p 
nant, and the rest (34%) felt somewhat happy. Ho 
ever, degree of happiness about being pregnant 
not related to depression for this sample. - : 
Family situation. Although only 42% of the san 
were married, 58% lived with the father of the’ A 
Married respondents were significantly less. depres ! 
than those who were single (r = 0.39; p < 0,05). F 
seven percent of the women had children already ar 
27% had more than two children. The number of ch 
dren the respondent already had was also significar n 
related to depression; the more children a respor 
had, the less depressed she was (r = — 0.43: psi 
Blame. The most common attribution of blame 
the death of the child was to God. 2% hirty- -onë perc n 
of the people who attributed the death to God reported 
feeling that way “all of the time.” Those who attribute 
the death to God were also significantly less depr. ed 
(r = —0.33; p < 0.05). Blaming oneself for t f e deatt 
was more common than blaming another person, but 
still only one fourth of the respondents reported feėling 
that something they did caused the infant to die. How- i Ee 
ever, those who blamed themselves were significantly 
more depressed (r = 0.34; p < 0.05). Those who did ne 
blame themselves had difficulty articulating why they — 
felt responsible. One woman stated, “I don’t remember ee 
doing anyihing, but I think that way (blame myself y na 
anyway.” Women who were taking medication during 
the pregnancy were more likely to blame themselves 
for the death (r = 0.36; p < 0.05). ce 
Nineteen percent of the women blamed some mem- l us 
ber of the medical profession for their child's death. n 
Blaming the medical personnel for the death did seem a 
to cause feelings of being cheated by the death, but was 
not significantly related to depression. All of the women 
who blamed the medical personnel felt cheated by the 
death and also felt that the death could have been 
avoided (for example, “The clinic doctor was ir respon- 
sible, in the morning there was a heartbeat by evening 
there wasn’t a heartbeat, they should have done some- 
thing.” “The clinic doctors were trainees and didn't 
know what they were doing, I felt like a guinea 
pig . . . they can’t even take blood right.” “The doctor 
at the clinic was not the right doctor to see women with 
first pregnancies, I was supposed to see someone else.”). i 
As can be seen by these remarks, the blame is not 
always warranted or justified (for example, all physi- = 
cians at the clinic mentioned do the same thing) but $ 
demonstrates the need to find someone who is respon= < 
sible for the death. As stated before, other-blame was- 
























associaied with: strong feelings of being cheated and the 

a sense that the death was unfair. 

A common theme in the women's remarks was that 

g aa not fair because they had been told every- 
thing was going to be all right (for example, “Up till 
the end my baby was fine, it is not fair.” “When I was 

- experiencing the labor pains everyone was saying 

¿0 everything was fine with my baby, then they told me the 

C baby was not all right.”). Thus it appears that being told 
-everything is going to be “ok” when it is not leads to 
< stronger feelings that the death was unfair. 
` -Cause of death. The leading cause of death was cord 
: E _ accidents (30%); 12% died of fetal anomalies. The cause 

_ of death was unknown in 27% of the cases. Even though 
a the cause of death was known in most cases, only 42% 
a n 6f: the respondents reported knowing why the infant 
© died. This may be because respondents were inter- 
~ viewed before seeing the physician. Contrary to pre- 
diction, knowing the cause of death did not have an 
"effect on depression. However, those who did know the 
~ cause of death were more likely to rate the physician 
as being helpful (r = 0.32; p < 0.05). 

Pictures. Forty percent of the respondents received 
pictures of the infant. Those who received pictures 
were significantly less depressed than those who did 
not (r = 0.35; p < 0.05). Eighty-four percent were al- 
lowed to hold or see the infant. These respondents were 
“also significantly less depressed (r (r = 0.38; p < 0.05). 
= ` “Because the criteria for who receives a picture or who 
sees the infant are somewhat arbitrary, differences 

among the groups were checked. Those who received 
pictures or saw the infant did not differ significantly 
from those who did not receive pictures on marital 














status, number of children, age of infant, or weight of 


infant at birth. However, women who received pictures 
.. of the infant were less likely to have had complications 
- in birth (r = —0.36; p < 0.05). 
Seeing pictures of the infant was also significantly 
-related to variables other than depression. Women who 
saw pictures were less likely to blame themselves for 
the death (r = 0.39; p < 0.05) and were less likely to 
-blame another person (r = 0.39; p < 0.05). Thus it ap- 
_ pears that receiving pictures does have the positive ef- 
~ fect that has been suggested in the literature. | 
- However, one explanation for the finding that those 
who received pictures were less depressed is that 
-women who were more emotionally devastated by the 
Joss refused to accept pictures of their infants if they 
were offered. No record was kept of refusals, but we 
did have a measure of whether each woman had wanted 
to receive a picture. No one who received a picture 
mentioned that she did not want to receive the picture, 
but some women who did not receive pictures stated 
that they did not want them. Presumably, some of these 
women may have refused pictures that were offered to 
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them. However, women who did not want and did not 
receive pictures were less depressed than those who 
wanted but did not receive them, so it is unlikely that- 
the higher depression scores of those who did not re- 
ceive pictures can be attributed to women who were 
more upset refusing the pictures. 

Helpful and unhelpful support. Forty-six percent of 
the respondents rated the medical personnel as helpful 
almost always or most of the time. The majority of these 
respondents reported that what they found helpful was 
that the physician and nurses gave them sympathy. 
When asked for specific examples of this, respondents 
reported things like, “The nurses stayed with me and 
talked to me” or “The doctor gave me sympathy and 
tried to console me.” Thirty-five percent found the 
medical personnel unhelpful. However, none of these 
women reported anything in particular as unhelpful. 
This may be because the interviews were conducted in 
the hospital by a nurse, so respondents may have been 
unwilling to mention specific criticisms of the medical 
staff. However, what the women who were less satisfied 
did report was that their physicians were helpful in only 
very limited ways (for example, by only providing the 
name of a cemetery). They did not feel that they re- 
ceived any emotional support from the medical per- 
sonnel. | 


Comment 


This study found that women who lost a child 
in utero were less depressed if they already had chil- 
dren. Presumably, these women knew that they could 
deliver a healthy child, so the death was less likely to 
arouse a sense of failure or responsibility for failed 
reproductive performance. This suggests that women 
who lose their first child in utero may be particularly 
likely to benefit from information that a healthy deliv- 
ery is still possible for them. 

The way that women attributed blame for the death 
was also related to psychological adjustment. Those 
who blamed themselves for the loss were more de- 
pressed than those who did not. Previous research on 
coping with a loss had found that self-blame is adaptive 
if it engenders feelings of control and the perception 
that one can act to avoid a similar misfortune in the 
future.* Evidently, women who blamed themselves in 
this study did not see their role in the loss as something 
that they could change and therefore avoid in the fu- 
ture. Because self-blame for this type of loss does not 
appear to be adaptive, it might be useful, where ap- 
propriate, for physicians to reassure women that they 
are not responsible for the loss. 

The third patient characteristic measured, attach- 
ment to the child or how much the woman wanted the 
child, was not related to depression. This is surprising 
because one would expect that women who were more 










emotionally attached to the unborn child would be 
more devastated by the loss. There are two explanations 
-for this finding. First, asking the mother how she felt 

about the pregnancy is not an adequate measure of 
i attachment. Further research with other ways of as- 
sessing attachment could test this explanation. Second, 
perhaps by the late stages of a pregnancy almost all 
mothers are attached to the unborn child, regardless 
of whether the pregnancy was desired. Given that there 
is a high level of attachment by most mothers, other 
factors such as who is blamed for the death or whether 
the mother has other children are more predictive of 
differences in coping with the loss. 

Contrary to what was expected, knowing the cause 


Boy, of death was not related to how depressed a woman 
was. It appears that understanding the cause of one’s 


misfortune is not as important for this type of loss as 
it has been found to be for other negative experiences. 
However, this may be a culturally based finding. The 
participants in this study had been in the United States 
for an average of only 7 years. A different cultural 
group may find it more pore to understand the 
cause of death. 

_ Seeing the infant or receiving a picture of the infant 


F appeared to be quite helpful for the respondents. This 


a fairly easy intervention that can be implemented in 
ospitals and may make recovery from the loss easier. 
ot only did those who received pictures feel less de- 





ce “pressed, they also did not blame themselves or another 
_ person as much. Seeing a picture or seeing the infant 


allows the parents to mourn a real child and makes the 
event more real. 

The women’s observations on helpful and unhelpful 
behaviors of medical personnel suggest two things. 
One, women in these circumstances seem to appreciate 
and benefit from shows of sympathy and understand- 


ing from medical care providers. Physicians who can 
` provide emotional support during interactions with the 


patient may help the recovery process. Two, women 
















find it especially stressful to lose a child. shortly, a 
they had been reassured that there were no probl ‘ms. 
In some cases, when complications are not eviden | 
mediately, it may be -impossible to avoid giving mis- 
leading information. However, it appears that w 
ever possible, women should be kept informed ofp ol . 
lems that are developing. | ee 

One limitation of the study should be noted. T 
women’s adjustment to the loss was examines 
post partum, a time that is relatively early | in’ th 
ing process. There was a wide range of de 
scores suggesting that some women were copi ) 
at this time-than were others, and one would 
that those who were handling the grief well at this s 
would continue to be the more effective copers. A 
ever, the suggestions drawn from this study are r 
applicable to those patients in the acute stages. of g 

The loss of à child in utero is a tragic experience fo fo 
most women. This study. points out a number. of ws 
that medical care providers can ease the recovery pro | 
cess for women faced with such a loss. i 
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OBSTET: GYNECOL 1987:157:258.) 


External cephalic version is known to be associated 
| with obstetrie (premature labor, bleeding, etc.) and fe- 
tal (fractured bones, spinal cord injuries, prolonged 
bradycardia requiring emergency cesarean section, um- 
ilical cord prolapse, meconium aspiration) complica- 
ions. ‘Antepartum fetal death is a rare but grave ac- 

en I In a large series of ee five of the 


ioe case or antenatal or ote nerve aes has heen 
reported. We present such a case. 
































weeks" gestation “with breech e for an 
ternal cephalic version. The patient had an un- 
“complicated pr eghancy. Ultrasound examination con- 
firmed a term gestation and breech presentation. The 
placenta was located posteriorly. Version was success- 
fully, performed under sonographic guidance with the 
use of a tocolytic agent without difficulty. A nonstress 
est done after the version was reactive. Five hours after 
rsion, the patient went into labor and was delivered 
f a 4.11 kg infant by vacuum extraction. The vaccum 
actor was applied when the head was directly OA 
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and fetal bruising after external cephalic version ae 


ae - Boris M M. “Fettikovský, M.D., Hema N. DeSilva, M.D., and Fred D. Fumia, M.D. 


; - An únupiai fetal N. Erb's palsy and fetal bruising, after successful external cephalic version is 
a reported. importance of fetal weight estimation prior to the attempts to perform a version is stressed. (Am J 


A kords: External cephalic version, fetal trauma, Erb’s palsy. 


at +3 station. The anterior left shoulder was delivered 
easily, and the infant cried spontaneously, receiving 
Apgar scores of 8 and 9 at 1 and 5 minutes, respec- 
tively. Physical examination at delivery revealed Erb's 
palsy on the left side as well as bruising of the left 
shoulder and adjacent areas of the anterior and pos- 
terior chest wall, Radiologic evaluation did not reveal 
clavicular or humeral fractures or subluxation of the 
left shoulder. 

During the hospital stay pine infant showed i improve- 
ment iù movement of the left upper extremity with 
some limitation of abduction at the shoulder. Progres- 
sive improvement has been seen on follow-up at 2 
weeks. Only mild residual weakness from Erb’s palsy 
was still present in the fourth week. 


Comment 


The presence of visible bruises at the time of delivery A 
in view of the easy delivery of the shoulder girdle, can 


be ascribed to external cephalic version. “We think. that as 


fetal weight should be estimated prior to the procedure 
and version not undertaken in the case of a large fetus. 
The fact that external cephalic version is “easy” and 
successful does not guarantee its safety for the fetus. 
Immediate effects of external cephalic version on the 
fetus are unknown because of the prolonged period of 
time between the procedure and delivery. In Ellis’ 
series’ of 314 external cephalic versions only four in- 
fants were delivered within 7 days of the. attempted 
procedure. 
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A reusable plastic training model for teaching Papanicolaou 


smear technique 


Charles R. B. Beckmann, M.D., M.H.P.E., Daniel L. Clarke-Pearson, M.D., and 


Ray Evenhouse 
Chicago, Illinois 


A reusable plastic Papanicolaou smear training model was developed to teach the techniques of the 
Papanicolaou smear. The model design allows immediate feedback and opportunity for skills practice, yet 
it is efficient and cost effective. Its use is recommended for instruction in the techniques of the 


Papanicolaou smear. (Am J Osstet Gyneco. 198771 57:259-60.) 


Key words: Papanicolaou smear, medical education, training model 


Some physicians avoid performing Papanicolaou 
smears as part of a pelvic examination because they are 
uncomfortable with the techniques. Others perform the 
examinations but because of poor technique produce 
a Papanicolaou smear that is inadequate for cytopatho- 
logic evaluation. It is reasonable to assume that the 
difficulties physicians experience are related in part to 
inadequate training. Training in the Papanicolaou 
_ Smear technique usually accompanies instruction in the 
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Fig. 1. The reusable plastic Papanicolaou smear training model. 











pelvic examination, which has improved greatly with — | 
the adoption by most medical schools of the gynecologic. 
teaching associate model.’ Performance of the Papan- 
icolaou smear, however, is different from the remain- 
der of the pelvic examinations in that it is strictly a 
psychomotor skill so that the benefits of the gynecologic 
teaching associate training system may not carry over. D 
to instruction in the Papanicolaou smear. Further, a 
many educators and gynecologic teaching associates 
have reservations about gynecologic teaching associates 
having multiple Papanicolaou smears. S 
To provide improved instruction in the Papanicolaou 2 
smear technique while remaining within the gyneco- _ 
logic teaching associate teaching model, we developed — 
a plastic reusable Papanicolaou smear training model. 
It is composed of three parts: a clear plastic square 
support base, a clear plastic tube to simulate the vagina, 
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ada molded; fahari. soft rubber artificial cer- 
vi The latter i is molded after the endocervical end of 
a Papanicolaou smear spatula so as to facilitate practice. 
The parts are interchangeable between the training 
: < models, which may be disassembled for easy storage 
: -and cleaning. The design of the training model allows 
: -both the instructor and the student to observe the stu- 
; dent’ S practice from the side-on vantage point and from 
z an end-on vantage point (see Fig. 1). Of the two vantage 
- points, the former is impossible in an actual patient but 
- .is of considerable value in guiding the student toward 
- acceptable technique. 
After viewing a videotape demonstrating the tech- 
nique | of the Papanicolaou smear with the plastic train- 
-ing model, students practice the techniques of the Pa- 
- panicolaow smear, including correct maneuvers with 
-spatula and cotton-tipped applicator, in obtaining the 
< sample and applying it to a slide. Clear lubricant is 
a applied to the end of the artificial cervix so that there 
> is a “sample” to practice spreading on slides. Each stu- 
= -denti is allowed to practice the Papanicolaou smear tech- 
-nique under faculty supervision until his technique is 
_. satisfactory. 
_ Use of the plastic Papanicolaou smear training model 
_. in this manner allows emphasis of the essential prin- 
ae ciples of the Papanicolaou smear technique: (1) proper 
sampling of the endocervix with cotton applicator, 
brush, or aspirator; (2) proper sampling of the exo- 
-cervix with the wooden or plastic Papanicolaou smear 
-. spatula; (3) proper spreading of cytopathologic mate- 














rial on the glass slides in a manner r that avoids clumping : 
of the mucus on the slide; (4) rapid fixation of the slides 
to avoid air-drying artifact of the specimen. These es- 
sential principles may be emphasized: by immediate 
feedback based on direct observation of the student's 
performance and by the opportunity for practice until. 
the student has mastered the techniques. Such feedback 
and the opportunity to practice are key to successful 
skills instruction.’ 

The plastic Papanicolaou smear training model has 
been used for 1 year in the instruction of second- and 
third-year medical students and resident physicians. 
Both groups of learners, disparate in their experience, 
uniformly expressed the opinion that instruction on the 
technique of the Papanicolaou smear by use of the plas- 
tic training model was efficient and effective. Studies 
are now underway to ascertain if there is an improve- 
ment in the quality of Papanicolaou smears received. 
On the basis of our experience with this training model, 
we are confident in recommending it for instruction in 
the techniques of the Papanicolaou smear. 
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Multiple primary gynecologic neoplasms 


Peter G. Rose, M.D., Edward E. Herterick, B.S., John G. Boutselis, M.D., 


Melvin Moeshberger, Ph.D., and Larry Sachs, Ph.D. 
Columbus, Ohio 


Some patients may be predisposed to the development of more than one gynecologic neoplasm. We 
evaluated 130 cases of synchronous or metachronous tumors among 5967 patients followed up by The 
Ohio State University Gynecologic Tumor Registry for the past 44 years from 1939 to 1983. Based on 
primary tumor site and invasive behavior, expected incidences for a specific second malignancy were 
calculated by the person-years method. A second malignancy of the lower genital tract occurred in patients 
with cervical, vulvar, and vaginal cancers, 1.6%, 4.3%, and 9.6%, respectively, which supports the theory 
of multicentric cancer of the lower genita! tract. Prior radiation therapy was rarely associated with 
increased second gynecologic malignancies (two of 41 patients, 4.9%). Four patients had three 


gynecologic tumors. (Am J OssteT GYNECOL 1987;157:261-7.) 


Key words: Multiple cancers, gynecology, radiation therapy 


Theodore Billroth! documented multiple primary 
cancers in 1889, and the literature now totals more than 
30,000 patients with multiple malignancies. This vol- 
ume of reports represents both an increased interest 
in such patients and improved patient survival extend- 
ing years of neoplastic risk. Physicians fascinated and 
perturbed by patients with multiple malignancies have 
raised certain questions: (1) Is the patient cancer prone 
(i.e., is the incidence of a second malignancy greater in 
patients with cancer than in the general population)? 
(2) Is there a genetic, immunologic, or environmental 
factor responsible for multiple primary cancers? (3) Is 
the prognosis for the patient altered by multiple ma- 
lignancies? (4) What alterations in management are 
needed? 

Multiple malignancies of the female genital tract have 
been reported.*’° These reports have identified asso- 
ciated pelvic malignancies, and this information has 
been useful to physicians involved in gynecologic eval- 
uation of patients with cancer and surveillance. 
Whether these associated malignancies occur by ran- 
dom event or at a statistically increased rate has not 
been widely studied. 

At Ohio State University, a gynecologic tumor reg- 
istry established in 1939 maintains records on 6489 
patients. The first case of multiple malignancies of the 
genital tract was recorded in 1941. To determine if 
patients with a gynecologic tumor were at an increased 
risk of a second gynecologic tumor, we have analyzed 
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130 cases of multiple malignancies of the genital tract 
derived from our registry. 


Material and methods 


One hundred fifty-six cases of multiple malignancies 
from the gynecologic tumor registry from 1939 
through December 1983 were reviewed. Patients with 
pelvic malignancies of unknown primary site and can- 
cer metastatic to the pelvis were excluded. In addition, 
to be included in this study, cases had to fulfill the 
criteria of multiple primary malignancies proposed by 
Warner and Gates" in 1932: (1) Each of the tumors 
must present a definite picture of malignancy. (2) Each 
must be distinct. (3) The probability that one is a met- 
astatic lesion from the other must be excluded. 

The evaluation of vaginal cancer after cervical cancer 
poses problems because of similar histologic findings 
and anatomic location. The following combinations 
were accepted: (1) cervical carcinoma in situ with sub- 
sequent vaginal carcinoma in situ, (2) cervical carci- 
noma in situ, with subsequent vaginal invasive cancer, 
(3) cervical invasive cancer with subsequent vaginal car- 
cinoma in situ and (4) cervical invasive cancer with sub- 
sequent vaginal invasive cancer occurring more than 
5 years after the patient displayed no evidence of 
disease. 

Careful review of the operative and pathologic re- 
ports excluded 21 patients who failed to meet either 
the criteria of Warner and Gates or vaginal cancers 
after cervical cancer previously proposed. Five patients 
with histologically different cancers occurring at the 
same gynecologic site were also excluded. These pa- 
tients were excluded because of the absence of histo- 
logically specific incidence data over the time period of 
this study. The 5967 registry patients had tumor types 
suitable for inclusion in this study. The remaining 130 
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Table I. Incidence of synchronous second malignancies* 


Primary Observed! population Observed! expected p< 


Vulvar CIS Cx CIS 2/52 0.0156 28.21 0.01 
Vulvar Cx CIS 1/203 0.0272 36.76 Not significant 
Vulvar CIS Uterus 1/52 0.0246 40.65 0.05 
Vulvar Cx 3/203 0.0515. 58.25 0.01 
Vagina Vulvar 1/74 0.0043 232.57 0.01 
Vagina Cx CIS 2/74 0.0125 160.00 0.01 
Vagina Cx 1/74 0.0178. 56.18 0.05 
Cx CIS Vulvar CIS 3/1206 0.0063 476.19 0.01 
Cx CIS Vulvar 1/1206 0.0121 82.64 0.05 
Cx CIS Vagina CIS 3/1206 0.0018 1666.67 0.01 
Cx CIS Vagina 1/1206 0.0088 263.16 0.01 
Cx CIS Uterus 3/1206 0.1613 18.60 0.01 
Cx CIS Uterus NOS 1/1206 0.0226 44.25 0.05 
Cx CIS Ovary 1/1206 0.1459 6.95 Not significant 
Cx Vulvar CIS 1/2818 0.0183 54.64 0.05 
Cx Vulvar 2/2818 0.0828 24.15 0.01 
Cx Uterus 3/2818 1.0019 2.99 Not significant 
Cx Ovary 3/2818 0.7494 4.00 Not significant 
Uterus Cx CIS 3/1112 0.1573 19.07 0.01 
Uterus Ovary 5/1112 0.4225 11.83 0.01 
Ovary Cx CIS 1/502 0.1077 9.29 Not significant 
Ovary Cx 1/502 0.1220 8.20 Not significant 
Ovary Uterus 3/502 0.2108 14.23 0.05 
Ovary Uterus NOS 1/502 0.0351 28.49 Not significant 





CIS = Carcinoma in situ; Cx = cervix; NOS = not otherwise specified. 


*All lesions are invasive unless specified carcinoma in situ. 


cases were divided into synchronous cr metachronous 
tumors. Synchronous tumors were defined as tumors 
that were either diagnosed concurrent with the primary 
tumor, discovered at the primary surzical procedure, 
or occurred within 1 year of the primary tumor diag- 
nosis. A malignant site was designated the primary can- 
cer if it initiated the patient’s evaluation or surgical 
procedure or was chronologically diagnosed first. Me- 
tachronous tumors were simply defined as tumors 
diagnosed greater than 1 year after the primary 
neoplasm. 

To determine whether the second malignancy was 
statistically associated with the primary malignancy, ex- 
pected incidence rates for a second malignancy were 
calculated according to the person-years method” for 
subgroups of patients with the same tumor site and 
type (invasive versus noninvasive). Incidence rate tables 
for invasive and noninvasive gynecologic malignancies 
occurring between 1939 and 1983 were obtained from 
the Connecticut tumor registry.!* For synchronous tu- 
mors, the cumulative expected incidence rate was cal- 
culated by totaling each patient’s expected rate at the 
year of tumor diagnosis. For metachronous tumors, 
cumulative expected incidence rates were calculated by 
totaling each patients expected rate a: the year of di- 
agnosis and for each subsequent year the patient was 
followed. These values were termed standard incidence 
rates, Patients with multiple malignancies were in- 
cluded in the incidence calculations based on their pri- 


mary tumor. For this subgroup of patients, follow-up 
was calculated until the date of diagnosis of a second 
malignancy. The statistical significance of the calculated 
ratio, observed to expected second malignancies, was 
tested with a table of significant factors for the ratio of 
a poisson variable to its expectation." To determine if 
prior radiation therapy was a contributing factor to 
subsequent malignancy, the ratios of standard inci- 
dence rates were calculated as described by Gail’ for 
subgroups of patients with or without prior radiation 
therapy for each tumor combination. 


Results 


Synchronous pelvic malignancies. Forty-five pa- 
tients had synchronous cancers. Twenty-one patients 
(47%) had multiple cancers confined to the lower gen- 
ital tract; 10 (48%) of these patients were initially eval- 
uated for cervical lesions, seven (33%) for vulvar le- 
sions, and four (19%) for vaginal lesions. In situ lesions 
accounted for at least one malignancy in 66% of these 
21 patients. Eleven patients had concurrent uterine and 
lower genital tract malignancies, 91% of which were 
cervical neoplasms. In all cases, the cervical and uterine 
histologic findings were distinct. Of the 15 ovarian tu- 
mors, eight were associated with uterine cancer; of 
these only one was an endometrioid ovarian tumor and 
one a stromal ovarian tumor, an androblastoma (Ta- 
ble I). 

There were three cases of triple malignancies of the 
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Table II. Incidence of metachronous second cau 











Interval 
Vulvar CIS Vagina 2 1/52 0.0035 286.71 0.01 
Vulvar CIS Cx CIS 8 1/52 0.1086 9.21 Not significant 
Vulvar Vagina 9 1/203 0.0167 59.88 0.05 
Vulvar Cx. 8 2/203 0.2686 7.45 Not significant 
Vulvar Ovary 12 2/203 0.4010 4.99 Not significant 
Vagina Vulvar CIS 1% 1/73 0.0041 243.90 0.01 
Vagina Vulvar 15 1/73 0.0215 46.51 0.05 
Vagina Cx 7 1/73 0.0192 10.96 Not significant 
Vagina Uterus NOS 1'4 1/73 0.0216 46.30 0.05 
Cx CIS Vulvar CIS 7 2/1206 0.1321 15.14 0.05 
Cx CIS Vulvar 12 1/1206 0.2378 4.21 Not significant 
Cx CIS Vagina CIS 4 12/1206 0.0458 262.01 ` 0.01 
Cx CIS Vagina 10 13/1206 0.0793 163.93 0.01 
Cx CIS Uterus 7 1/1206 4.1544 0.24 Not significant 
CX CIS Ovary 13 1/1206 2.8087 0.36 Not significant 
Cx Vulvar CIS 14 4/2818 0.1764 22.68 0.01 
Cx Vulvar i 4/2818 0.7579 5.28 0.05 
Cx Vagina CIS 10 7/2818 0.0623 112.36 0.01 
Cx Vagina 12 12/2818 0.2206 54.40 0.01 
Cx Uterus | 10 6/2818 9.5784 0.63 Not significant 
Cx Uterus NOS 13 3/2818 1.1638 1.72 Not significant 
Cx Ovary 16 1/2818 6.2425 0.16 0.05 ` 
Uterus Vulvar 17 1/1112 0.5114 1.96 Not significant 
Uterus Vagina 19 2/1112 0.1398 14.3] 0.05 — 
Uterus Cx CIS 4 1/1112 0.9519 1.05 Not significant 
Uterus Cx 20 1/1112 2.1151 0.47 Not significant 
Ovary Uterus 6 3/501 0.9415 3.19 Not significant 


CIS = Carcinoma in situ; Cx = cervix; NOS = not otherwise specified. 


*All lesions are invasive unless specified carcinoma in situ. 


genital tract. One patient had synchronous carcinomas 
in situ of the vulva, vagina, and cervix. A second patient 
had synchronous malignant Brenner tumor of the 
ovary, leiomyosarcoma of the uterus, and carcinoma 
in situ of the cervix. A third patient initially had syn- 
chronous invasive cancers of the vagina and the vulva 
successfully treated with radiation therapy but died of 
ovarian carcinoma that occurred 21 years later. Eight 
patients (18%) had an additional riongynecologic ma- 
lignancy; bladder (one), breast (three), colon (two), lym- 
phoma (one), and melanoma (one). Twelve patients 
died of gynecologic malignancies (52% of all patient 
deaths); and five patients died of nonaynecologic ma- 
hignancies: 

Metachronous pelvic malignancies. Metachronous 
pelvic malignancies occurred in 85 patients (Table H). 
Cervical cancer was the primary malignancy in 67 pa- 
tients (79%). Again, malignancies of the lower genital 
tract predominated; 63 patients (74%) had cancers re- 
stricted to this region. Three of the seven patients with 
vulvar cancer developed cervical cancer at a mean in- 
terval of 8 years. Three of the four patients with pri- 
mary vaginal cancer who developed a second malig- 
nancy did so in the lower genital tract. Eleven patients 
with cervical cancer had vulvar cancers, and 44 patients 
with cervical cancer had vaginal cancers as the second 


primary cancer, with a mean interval of 11.8 and 8.5 
years, respectively, between the first and second di- 
agnosis. 

| Endometrial cancer occurred in nine patients at a 
mean interval of 10 years subsequent to a diagnosis of 
cervical cancer treated with radiation therapy alone. 
Three patients with ovarian carcinoma, one of whom 
had endometrioid histologic findings treated with oo- 
phorectomy alone, developed endometrial cancer. 

Although in situ lesions made up one of the malig- 
nancies in 42 of 63 patients (66%) with multiple primary 
cancers limited to the lower genital tract, there was no 
statistically significant difference in the interval be- 
tween first and second cancers for invasive versus 
in situ lesions. 

One patient with a triple gynecologic malignancy 
consisting of an adenocarcinoma of the uterus and a 
squamous cell cancer of the cervix treated surgically 
developed squamous cell cancer of the vagina 21 years 
later. 

Eight patients (9%) had a third primary cancer out- 
side the pelvis; bladder (two), breast (one), colon 
(three), larynx (one), and lymphoma (one). One of 
these patients had four primary cdncers involving the 
cervix, vulva, colon, ar.d larynx, with 27 years between 
her first and fourth cancer diagnosis. 
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Table III. Incidence of second malignancies synchronous and metachronous* 
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. Primary Observed! population Gbservedlexpected p< 


Vulvar CIS Vagina 1/52 
Vulvar CIS Cervix CIS 3/52 
Vulvar CIS Uterus 1/52 
Vulvar Vagina | 1/203 
Vulvar Cervix CIS 1/203 
Vulvar Cervix 5/203 
Vulvar Ovary 2/203 
Vagina Vulvar CIS 1/73 - 
Vagina Vulvar 2/73 
Vagina Cervix CIS 2/73 
Vagina Cervix 2/73 
Vagina Uterus NOS 1/73 
Cervix CIS Vulvar CIS 5/1206 
Cervix CIS Vulvar 2/1206 
Cervix CIS Vagina CIS 15/1206 
Cervix CIS Vagina 14/1206 
Cervix CIS Uterus 4/1206 
Cervix CIS Uterus NOS 1/1206 
Cervix CIS Ovary 2/1206 
Cervix Vulvar CIS 5/2818 
Cervix Vulvar 6/2818 
Cervix Vagina CIS 7/2818 
Cervix Vagina 12/2818 
Cervix Uterus 9/2818 
- Cervix Uterus NOS 2/2818 
Cervix Ovary 4/2818 
Uterus Vulvar 1/1112 
Uterus Vagina 2/1112 
Uterus Cervix CIS 4/1112 
Uterus Cervix 1/1112 
Uterus Ovary 5/1112 
Ovary Cervix CIS 1/501 
Ovary Cervix 1/501 
Ovary Uterus 6/501 
Ovary: Uterus NOS 1/501 


0.0035 286.71 0.01 
0.0186 27.62 0.01 
0.1656 6.04 Not significant 
0.0167 59.88 0.05 
0.0149 67.11 0.05 
0.2686 18.62 0.01 
0.0401 4.99 Not significant 
0.0041 243.90 0.01 
0.0215 93.02 0.01 
0.0678 29.50 0.01 
0.0912 21.93 0.01 
0.0216 45.93 0.05 
0.01321 37.85 0.01 
0.2378 8.41 0.05 
0.0458 312.50 0.01 
0.0793 176.54 0.01 
4.1544 0.96 Not significant 
0.2789 3.59 Not significant 
2.2087 0.7121 Not significant 
0.1764 28.35 0.01 
0.7579 7.92 0.01 
0.0623 112.36 0.01 
0.2206 54.40 0.01 
9.5784 0.94 Not significant 
1.1638 1.72 Not significant 
6.2425 0.64 Not significant 
1.5114 1.96 Not significant 
0.1398 14.31 0.05 
0.9519 1.05 Not significant 
2.1151 0.47 Not significant 
3.520) [252 Not significant 
0.4253 2.35 Not significant 
0.4792 2.09 Not significant 
0.9415 6.37 0.01 
0.1317 7.59 Not significant 


CIS = Carcinoma in situ; NOS = not otherwise specified. 
*All lesions are invasive unless specified carcinoma in situ. 


- Twenty-three patients died of their gynecologic ma- 
lignaricies (69% of all patient deaths), and five deaths 
were from nongynécologic malignancies. 

The cumulative risk for second gynecologic malig- 
nancies is summarized in Table III. Malignancies of the 
lower genital tract statistically increased; 9.6% of pa- 
tients with. vaginal cancer, 4.3% of patients with vulvar 
cancer,.and 1.6% of patients with cervical cancers de- 
veloped second malignancies of the lower genital tract. 
In addition, ovarian and uterine malignancies are sta- 
tistically associated. 

Demography. No difference was noted between the 
age of patients with multiple cancers and those with a 
single cancer. A review of past medical histories re- 
vealed no significant prior diseases compared with the 
general population. Although 25% of patients reported 
a family history of caricer, information concerning the 
degree of kinship was incomplete, and the significance 
of this is not known. 

Prior radiation therapy. None of the patients with 
synchronous cancer had prior radiation therapy. How- 
ever, 41 of 85 patients (48%) with metachronous tu- 


mors had had prior radiation therapy. Thirty-six of the 
41 patients (88%) had the second malignancy 5 years 
or more after radiation therapy, a time interval consid- 
ered critical in relation to the carcinogenic risk of ion- 
izing radiation: However, statistical analysis did not as- 
sociate prior radiation therapy with a subsequent ma- 
lignancy except in three of the 26 tumor combinations 
(11.5%) (Table IV). Of these, two tumor combinations 
(cervical carcinoma in situ: vulvar carcinoma in situ and 
cervical carcinoma in situ: uterus) were increased by 
prior radiation therapy, and oné tumor combination 
(cervical: vagina) was decreased. In two of 41 patients 
(4.9%), radiation therapy was statistically associated 
with an increase in second malignancy. Of the five me- 
tachronous pelvic nongynecologic malignancies (colon 
three and bladder two), no difference in prior radiation 
was ncted. 

Therapy and survival. Ninety-six percent of patients 
with synchronous multiple cancers and 32% of patients 
with metachronous multiple cancers received therapy 
for both malignancies at The Ohio State University. 
Standard therapies including surgery and radiation 
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Table IV. Incidence of metachronous pelvic malignancies with and without prior radiation therapy* 


Prior 
radiation | Primary Observed/population SIR p 


T Vulvar CIS Vagina 

= Vulvar CIS Vagina 

+ Vulvar CIS Cx CIS 

= Vulvar CIS Cx CIS 

+ Vulvar Vagina 

= Vulvar Vagina 

F Vulvar Cx 

= Vulvar Cx 

+ Vulvar Ovary 

= Vulvar Ovary 

+ Vagina Vulvar CIS 
7 Vagina Vulvar CIS 
F Vagina Vulvar 

ae Vagina Vulvar 

+ Vagina Cx 

= Vagina Cx 

+ Vagina Uterus NOS 
= Vagina Uterus NOS 
+ Cx CIS Vulvar CIS 
= Cx CIS Vulvar CIS 
$ Cx CIS Vulvar 

= Cx CIS Vulvar 

f Cx CIS Vagina CIS 
= Cx CIS Vagina CIS 
+ Cx CIS Vagina 

= Cx CIS Vagina 

T Cx CIS Uterus 

= Cx CIS — Uterus 

+ Cx CIS Ovary 

= Cx CIS Ovary 

+ Cx Vulvar CIS 
= Cx Vulvar CIS 
+ Cx Vulvar 

= Cx Vulvar 

F Cx Vagina CIS 
= Cx Vagina CIS 
+ Cx Vagina 

= Cx Vagina 

+ Cx Uterus 

z Cx Uterus 

T Cx Uterus NOS 
= Cx Uterus NOS 
f Uterus Vulva 

= Uterus Vulva 

F Uterus Vagina 

= Uterus Vagina 

+ Uterus Cx CIS 

= Uterus Cx CIS 

+ Uterus Cx 

= _ Uterus Cx 

F Ovary Uterus 

= Ovary Uterus 


0/10 0.0003 
1/42 0.0032 NS 
0/10 0.0071 
1/42 0.0105 NS 
0/61 0.0030 
1/142 0.0137 NS 
0/61 0.0542 
2/142 0.2145 NS 
1/61 0.0690 
1/142 0.3319 NS 
1/35 0.0015 
0/38 0.0026 NS 
1/35 0.0065 
0/38 0.0150 NS 
1/35 0.0309 
0/38 0.0603 NS 
1/35 0.0063 
0/38 0.0153 NS 
1/97 0.0062 
1/1109 0.1259 0.005 
0/97 0.0147 
1/1109 0.223] NS 
1/7 0.0019 

11/1109 0.0439 NS 
0/97 0.0049 

13/1109 0.0745 NS 
1/97 0.2521 
0/1109 3.9022 0.005 
0/97 0.1679 
1/1109 2.6408 NS 
3/2363 0.1534 
1/455 0.0230 NS 
4/2363 0.6844 
0/455 0.0735 NS 
7/2363 0.0546 
0/455 0.0077 NS 
8/2363 0.1975 
4/455 0.0231 0.01 
6/2363 8.5283 
0/455 1.0502 NS 
2/2363 1.0930 
0/455 0.0709 NS 
0/789 0.3173 
1/323 0.194] NS 
1/789 0.0884 
1/323 0.0513 NS 
1/789 0.5796 
0/323 0.3723 NS 
0/789 1.3614 
1/323 0.7537 NS 
2/243 0.3463 
1/258 0.5952 NS 


CIS = Carcinoma in situ; Cx = cervix; NOS = not otherwise specified; + = received prior radiation; 


-~ = did not receive 


prior radiation; SIR = standard incidence rates; NS = not significant (p < 0.05). 


*All lesions are invasive unless otherwise specified. 


therapy were used. The presence of multiple or sub- 
sequent malignancies did not alter the type of therapy 
chosen, unless prior radiation precluded radiation. 
Mortality rates were determined by the most virulent 
of the synchronous tumors. Patients with metachronous 
cancers usually were cured of their primary neoplasm, 
and the mortality rate was determined by the second 


malignancy and generally conformed to standard sur- 
vival figures. 


Comment 


Despite numerous clinical observations,***" few au- 
thors have statistically evaluated multiple gynecologic 
malignancies. Arneson and Schellas* and Morton and 
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Villasanta,* both of whom studied patients with cervical 
cancer, noted no increase in second primary malignan- 
cies of the genital tract, but they relied on an average 
patient age and years of follow-up, a statistic now con- 
sidered obsolete. 

Axelrod et al., using the person-years approach,” 
studied 36 patients with double gynecologic primary 
malignancies and 42 patients with a gynecologic pri- 
mary tumor and a nongynecologic second primary tu- 
mor. They observed a statistically increased incidence 
of a second gynecologic malignancy but no increased 
incidence of nongynecologic tumors except for carci- 
noma of the cervix and secondary lung or oropharyn- 
geal cancers. This correlation between cancer of the 
cervix and cancer of the oral cavity, lung, and bladder 
has been evaluated by Newell et al. and has been 
shown to be related to cigarette smoking. 

Kapp et al.,° again applying the person-years statistic 
to patients with a prior diagnosis of cervical cancer, 
noted an increased incidence of malignancies of the 
lower genital tract, as well as lung malignancies, and in 
small numbers of patients, laryngeal and bone cancer. 
They noted no increase in nongynecologic pelvic can- 
cers subsequent to prior radiation therapy and con- 
cluded that radiation is not an etiologic agent. However, 
since 93% of their patients received radiation, they were 
not able to compare different treatment regimens with 
respect to second primary malignancy rates. 

Our results imply that the diagnosis of a patient with 
a malignancy of the lower genital tract identifies a per- 
son at a statistically increased risk for a second such 
malignancy. Our patients who had 9.6% vaginal, 4.3% 
vulvar, and 1.6% cervical cancers developed a second 
malignancy of the lower genital tract. The lack of sta- 
tistical association with other cancers suggests that the 
most likely etiologic factor is not a genetic, immuno- 
logic, or other systemic factor, since such a defect would 
result in a generalized increased rate of malignancy. 
Most likely, the increased risk of a second malignancy 
of the lower genital tract is related to an environmental 
factor affecting a field of squamous epithelium as theo- 
rized by Newman and Cramer” in 1959 and Marcus? 
in 1960. Although not addressed in this study, current 
evidence suggests the human papilloma virus may be 
such a carcinogenic environmental factor. 

Multiple malignancies of the upper genital tract 
(uterus and ovaries) were shown to be statistically sig- 
nificant in the occurrence of synchronous tumors but 
not of metachronous tumors. These findings may sim- 
ply represent the management of the primary disease 
with surgical extirpation of the uterus, tubes, and ova- 
ries. In contrast to the findings of McDonald et al.,° 
only one of 12 endometrial tumors was associated with 
a stromal ovarian neoplasm, and in contrast to expected 
findings in this patient, it was an androgenic tumor. 
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Recently, Woodruff et al.'? updated their report on syn- 
chronous uterine and ovarian cancers. The authors 
proposed that based on improved survival such tumor 
combinations represented a multifocal process rather 
than metastatic disease. 

High-dose therapeutic radiation was originally sug- 
gested as a carcinogenic agent in uterine sarcoma by 
Jacox in 1939, in endometrial carcinoma by Zuspan in 
1955, and in pelvic girdle sarcoma by Block in 1962. 
Subsequent reports supported these observations. Sta- 
tistical analysis of radiation therapy—induced malig- 
nancies is limited to four papers. Czesnin and 
Wronkowski® noted a statistically increased incidence 
of uterine sarcoma and cutaneous malignancies but no 
endometrial cancers or pelvic girdle sarcoma. As pre- 
viously noted, Kapp et al. showed an increased risk of 
lower genital tract, lung, oropharyngeal and bone ma- 
lignancies. Both of these authors studied patients with 
cervical cancer after irradiation, but neither compared 
their results with patients with cervical cancer treated 
without radiation. Bailar” noted an excess of observed 
over expected cancers for both irradiation and nonir- 
radiation treatment groups with a relatively greater ex- 
cess in patients treated surgically when compared with 
those treated by either radiation or radiation plus sur- 
gery. In an international collaborative study, Boice 
et al”! showed that second cancers occurred only 
slightly more frequently (5%) at all sites than expected 
in 82,616 patients treated for cervical cancer with ra- 
diotherapy. With respect to second gynecologic malig- 
nancies, uterine and ovarian cancers were not in- 
creased, and other genital malignancies occurred at a 
statistically increased rate, irrespective of mode of pri- 
mary therapy (surgery or radiation). We find very little 
evidence that second malignancies (4.9%) are statisti- 
cally increased by prior radiation. 

In our analysis, the prognosis in patients with mul- 
tiple gynecologic malignancies does not appear to be 
worse. Management was only altered if prior radiation 
therapy had been used. 

In conclusion, patients with gynecologic malignancies 
of the lower genital tract are at increased risk for sec- 
ondary tumors of the lower genital tract, both initi- 
ally and subsequently. They should be thoroughly 
evaluated at initial presentation and require lifelong 
follow-up. 
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The results of cryosurgical treatment of cervical intraepithelial 
neoplasia at one, five, and ten years 


J. L. Benedet, M.D., D. M. Miller, M.D., K. G. Nickerson, M.D., 


and G. H. Anderson, M.B., B.S. 
Vancouver, British Columbia, Canada 


The results after cryosurgica! treatment of cervical intraepithelial neoplasia at 1, 5, and 10 years are 
reported. Ninety-four percent of the 1675 patients eligible for assessment at 1 year were successfully 
treated, with only 5.6% lost to follow-up. After 5 years, 14% of patients were lost to follow-up, but the 
corrected success rate remained essentially unchanged. No major differences in success rates were noted 
for the various histologic grades of cervical intraepithelial neoplasia treated. A small but definite 


percentage of patients developed further disease over the ensuing years, indicating the need for long-term 


continued surveillance of these patients. (AM J OssteT GYNECOL 1987;157:268-73.) 


Key words: Cryosurgery, cervical intraepithelial neoplasia, cryosurgery treatment results 


The revival in the early 1970s of colposcopy as a 
diagnostic technique for the evaluation of patients with 
abnormal Papanicolaou smears revolutionized the 
treatment of preinvasive cervical neoplasia. Tradition- 
ally, cervical cone biopsy and often simple hysterectomy 
were the mainstays of treatment. The method selected 
usually depended on the patient’s desire for further 
pregnancies. Because colposcopy permitted an accurate 
assessment regarding the nature of the abnormality of 
the Papanicolaou smear, as well as outlining the extent 

_and location of the lesion, techniques that destroyed 
local tissue came to be used more frequently. Of these, 
cryotherapy emerged as the most commonly used 
method to treat cervical intraepithelial neoplasia, par- 
ticularly in North America. In 1980, Richart et al.’ es- 
timated that more than 8000 gynecologists in the 
United States alone had been enrolled in courses deal- 
ing with colposcopy and cryotherapy, which indicates 
a widespread interest in the use of these techniques. 

Numerous publications’? have appeared in the lit- 
erature that report the results of cryotherapy for the 
treatment of cervical intraepithelial neoplasia, but few 
reports’ are available about its intermediate and long- 
term effects. Our initial experience’ with cryotherapy 
in a selected group of patients was encouraging and 
led to increased use because of rising incidence rates 
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for preclinical cervical carcinoma in young women." 
The purpose of this study was threefold: (1) to report 
our subsequent results, (2) to determine if increased 
use of this technique led to a change in effectiveness, 
and (3) to report the treatment results at 5 and 10 years 
after cryotherapy. We were particularly interested in 
trying to determine what proportion of patients de- 
veloped further cervical neoplasia after apparent initial 
success with this treatment. 


Material and methods 


The records of all our patients treated for cervical 
intraepithelial neoplasia with cryotherapy at the Van- 
couver General Hospital since 1973 were reviewed. Al- 
though the merits of the cervical intraepithelial neo- 
plasia system of classification for intraepithelial lesions 
were recognized, we have also continued to report his- 
tologic diagnosis by degree of dysplasia to maintain 
consistent data recording for statistical and analytic 
purposes at our institution. The correlation between 
the two systems we have used is as follows: cervical 
intraepithelial neoplasia I, mild dysplasia; cervical in- 
traepithelial neoplasia II, moderate dysplasia; and cer- 
vical intraepithelial neoplasia III, severe dysplasia or 
carcinoma in situ. All patients had pretreatment col- 
poscopic assessment and directed biopsy. After corre- 
lation of the patient's cytologic findings, colposcopic 
impression, and directed biopsy findings, a treatment 
recommendation was made. Patients with a squamo- 
columnar junction that was entirely visible with no en- 
docervical extension of disease were considered can- 
didates for cryosurgical treatment. A Krymed cryosur- 
gery unit (Model MT600) with nitrous oxide as a 
refrigerant was used in all cases. This equipment 
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produces a probe-tip temperature of approximately 
— 83° C. The cryosurgical probes used were selected to 
correspond to the lesion size, and most patients were 
treated with a mean active freeze time of 3 to 4 min- 
utes. In a few instances, patients with extensive lesions 
were treated either with two treatment sessions or with 
several overlapping freezes at a single session. The 
main criteria used to determine the effectiveness of the 
freeze at the time of treatment was the extension,of the 
ice ball 3 to 4 mm beyond the periphery of the lesion. 

Patient follow-up consisted of visits at 3- to 4-month 
intervals for colposcopic examination and repeat Pa- 
panicolaou smears. Biopsies of any persistent lesions or 
suspicious areas were also carried out. If the cytologic 
findings of the patient’s cervical smear and the colpo- 
scopic appearance of the cervix were normal after 
1 year of follow-up (a minimum of three negative 
smears), she was then discharged from the clinic to the 
care of her family physician for cervical cytologic ex- 
amination on a 6-month basis. All Papanicolaou smears 
in the Province of British Columbia are examined by 
a single, central cytology laboratory, and further access 
to patient records and Papanicolaou smear reports was 
readily available through the laboratory computer 
system. 

Treatment was defined as successful when a patient 
had normal cervical cytologic and colposcopic findings 
l year after treatment. Recurrent disease was defined 
as the development of a new squamous cell neoplasm 
after 1 year of normal cytologic and colposcopic 
follow-up. . 

The data were analyzed by means of Pearson’s x’ test. 


Results 


The number of patients treated during the two time 
periods with the-success and failure rates, as well as the 
number and percentage of patients lost to follow-up at 
I year, is presented in Table I. Slightly more than twice 
as many patients were treated during the second, more 
recent, and shorter time period, which illustrates the 
increased use and confidence in cryotherapy as a treat- 
ment modality. In addition, the proportion of pa- 
tients with cervical intraepithelial neoplasia III (severe 
dysplasia—carcinoma in situ) treated decreased from 
71% to 60%. This change was simply because more 
patients with cervical intraepithelial neoplasia I (mild 
dysplasia) and II (moderate dysplasia) were treated in 
the latter time period rather than a decrease in the 
incidence rate of in situ carcinoma in our population. 
No apparent difference was noted in the success or 
failure rates between the two time periods under 
review. 

The age distribution for all patients in the study is 
listed in Table I. Eighty-three percent of patients were 
30 years of age or younger when treated. 
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Tables III through V present the results of cryosur- 
gical treatment for all patients available for assessment 
at 1, 5, and 10 years, respectively. The success rates for 
the various degrees of dysplasia at any time period are 
similar with no statistically significant differences. The 
overall success rate at 1 year was 94.3%. The corre- 
sponding rates for all patients at 5 and 10 years were 
89% and 85%, respectively. At 1 year, only 5.6% of 
patients were lost to follow-up, but this increased to 
28.8% by 10 years. 

All patients who were eligible for 5 or more years of 
follow-up and in whom the treatment was judged to be 
unsuccessful were analyzed as to the specific years at 
which they were noted to have recurrent disease. These 
results are presented in Table VI. Most treatment fail- 
ures occurred in the first year and are best classified as 
primary failures, since they probably reflect cryother- 
apy’s inability to eradicate disease in the first instance. 
It is also likely that several of the patients in whom the 
treatment failed in the second year were not truly cured 
of the disease initially, since some had mild cytologic 
atypicalities on Papanicolaou smears, which led to their 
continued surveillance through the Colposcopy Clinic 
and subsequent diagnosis of persistent dysplasia or car- 
cinoma in situ. Table VI also shows cumulative failure 
rates by year for these patients. Approximately 6% of 
patients were considered treatment failures by year I, 
and over the ensuing 7 years an additional 4.5% of the 
patients developed further disease. 

The rate of new disease per thousand woman-years 
was calculated as 5.0/1000. This rate is similar not only 
to that noted for cone biopsy (5.3/1000) in an earlier 
study,’* but also to the incidence rate for preinvasive 
cervical neoplasia in screened women under the age of 
40 years in our province (5.41/1000). 

The histopathologic diagnosis noted at the time the 
patients were found to have recurrent disease was then 
compared with the initial biopsy diagnosis, and these 
results are shown in Table VII. One patient treated for 
squamous carcinoma in situ had an abnormal Papani- 
colaou test at 6 years that showed suspicious gland cells 
and was found to have invasive adenocarcinoma of the 
endocervix. The histopathologic diagnosis in 71 of the 
remaining 80 patients was similar to the initial patho- 
logic diagnosis. In six of the remaining nine patients, 
the pathologic diagnosis of the recurrence was more 
than one grade of dysplasia higher than the initial 
pathologic diagnosis, which indicates possible progres- 
sion of disease. In three of these patients, the more 
advanced pathologic diagnosis was noted within the 
first year of treatment and may represent a diagnostic 
error rather than true progression. In two patients 
treated for moderate dysplasia, recurrences were noted 
at 3 and 5 years and both were carcinoma in situ. 

Except for one patient who was admitted to the hos- 
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Table I. Cryotherapy: Treatment results at 1 year by histologic diagnosis for the time periods 1973 to 1979 and 


1980 to 1984 





Failure 


1973-1979 1980-1984 1973-1979 1980-1984 
Histologic diagnosis 1973-1979 1980-1984 No. (%) No. (%) No. (%) 
Mild dysplasia 42 111 40 (95) 95 (87) 1 (2) 6 (5) 
(CIN 1) 
Moderate dysplasia 109 361 98 (90) 331 (91) 5 (4.5) 14 (4) 
(CIN II) 
Severe dysplasia 136 419 119 (87) 381 (90) 12 (9) 17 (4.1) 
(CIN ITD) 
Carcinoma in situ 229 268 197 (86) 241 (88) 19 (8) 17 (6.3) 
(CIN III) an eee nee en wats 
Total 516 1159 454 (88) 1049 (90) 37 (7) 54 (5) 
CIN = Cervical intraepithelial neoplasia. 
Table II. Patient distribution by age and histologic diagnosis 
Moderate Carcinoma 
Mild dysplasia dysplasia Severe dysplasia in situ 
(CIN D (CIN H) (CIN HI) (CIN II) 








Age range 
<20 188 (11) 14 (9) 53 (11) 70 (13) 51 (10) 
21-25 666 (40) 6] (40) 165 (33) 230 (41) 210 (42) 
26-30 532 (32) 40 (26) 150 (32) 169 (30) 173 (35) 
31-35 220 (13) 24 (16) 72 (15) 68 (12) 56 (11) 
>35 —69 (4) al4 (9) -29 (6) _18 (3) soot, (1) 
Total 1675 (100) 153 (100) 470 (100) 555 (100) 497 (100) 

CIN = Cervical intraepithelial neoplasia. 

Table III. Cryotherapy: Results of treatment at 1 year 
Available for 
assessment Success Failure 


Patients 


treated 


Histologic diagnosis 





Mild dysplasia (CIN 1) 153 143 
Moderate dysplasia (CIN II) 470 448 
Severe dysplasia (CIN IIT) 555 529 
Carcinoma in situ (CIN IID) _497 474 
Total 1675 1594 


CIN = Cervical intraepithelial neoplasia. 
xs = 5.1518; p = 0.16. 


pital 6 days after treatment because of vaginal bleeding 
caused by an infected cervix, no major complications 
of treatment were recorded. A degree of menstrual- 
like cramps was present in virtually all patients during 
treatment, but this was transient and subsided rapidly 
on completion of treatment. This was not of sufficient 


(93.5) 136/143 (95.1) 7/143 (4.9) 
(95.3) 499/448 (95.7) 19/448 (4.3) 
(95.3) 500/529 (94.5) 99/529 (5.5) 
(95.4) 438/474 (92.4) 36/474 (7.6) 
(95.2) 1503 (94.3) 91 (5.7) 


, ` 
LEPTE EE T 


severity in any patient to warrant termination of the 
procedure. No pretreatment medication with either an- 
algesics, tranquilizers, antispasmodics, or nonsteroidal 
anti-inflammatory agents was used. Facial flushing also 
occurred after treatment in most patients but was 
short-lived. 
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Lost to follow-up 






1973-1979 





1980-1984 


1 (2) 9 (8) 
6 (5.5) 16 (4.4) 
5 (4) 21 (53 
13 (6) 10 (4) 
25 (5) 56 (4.8) 


Although many of the patients in this study were 
known to have had successful uncomplicated pregnan- 
cies after treatment, the data recorded for this partic- 
ular study did not enable an accurate assessment of 
fertility and obstetric performance after cryotherapy. 


Comment 


During the past decade, numerous reports’:*"® have 
appeared in the literature attesting to the validity of 
the work of Crisp et al.** in the use and effectiveness 
of cryotherapy as a treatment modality for cervical in- 
traepithelial neoplasia. One of the main problems that 
has been noted is the difficulty in obtaining long-term 
treatment results because of poor patient compliance 
for follow-up. 

The results of this study indicate that cryotherapy 
was effective treatment for patients with cervical intra- 
epithelial neoplasia. All but 6% of patients were avail- 
able for follow-up at 1 year. The results appeared to 
be equal for the various types of lesions treated, since 
it did not appear that histologic diagnosis was a major 
factor in determining success or failure with this 
method. The relative importance of lesion size or his- 
tologic diagnosis as to which is the more important 
determinant of success is as yet unresolved. Most 
studies’ have shawn that the severity of cervical in- 
traepithelial neoplasia is a factor, but only a few studies 
have actually assessed lesion size and histologic diag- 
nosis both as independent and covartables. 

This study also demonstrated the difficulty in main- 
taining patient follow-up records over an extended pe- 
riod. Patients with these lesions tend to be young and 
are often unmarried; with time, they marry, change 
their names, and move, particularly in times of high 
unemployment, thus making follow-up extremely dif- 
ficult. Nonetheless, the results in the 725 patients who 
were followed up for 5 years were encouraging, since 
the success rate remained high and only a few patients 
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developed further disease after the first 2 years. Most 
treatment failures occurred within the first 2 years of 
treatment, although a small but definite percentage of 
patients continued to fail after this time. For some pa- 
tients, these failures are secondary and probably rep- 
resent a new focus of disease. These findings serve to 
emphasize that these patients must still be considered 
at risk for further disease and thus require’ close sur- 
veillance indefinitely. 

We believe that the success rate achieved in this series 
is because of careful patient selection and meticulous 
technique in carrying out this treatment. No significant 
endocervical extension should be present, all margins 
of the lesion seen should be visible, and good probe 
application is necessary, with an adequate ice ball 
formed that extends 3 to 4 mm beyond the edge of any 
lesion identified. It is also imperative to maintain ad- 
equate pressure in the system so that a good ice ball is 
rapidly formed and maintained. 

Although no patients in this study developed invasive 
squamous cell carcinoma during the years under re- 
view, caution must be exercised in interpreting these 
findings, since the natural history of cervical neoplasia 
suggests a long latent period between in situ and in- 
vasive carcinoma in most instances. Sevin et al.’ and 
Townsend et al.” have reported the occurrence of in- 
vasive carcinoma of the cervix in patients treated with 
cryosurgery. Most of these cases, however, suggest in- 
adequate pretreatment evaluation rather than cryosur- 
gery causing rapid disease progression. These factors 
underline the need for careful, meticulous, and expert 
pretreatment assessment if such problems are to be 
minimized. 

The advantages of cryotherapy are numerous; not 
only is it an extremely effective treatment method for 
cervical intraepithelial neoplasia, but it is easy to use, 
is well tolerated by patients, has minimal side effects or 
complications, requires no analgesia or anesthesia, and 
is relatively inexpensive. Despite these advantages, 
enthusiasm for laser therapy appears to be oversha- 
dowing the use of cryotherapy, with an ever-increasing 
number of physicians learning the techniques of laser 
surgery. 

In regional referral centers and large hospital-based 
treatment clinics, the ability to use all treatment mo- 
dalities becomes desirable given the number and range 
of patients managed in such units. Physicians seeing 
smaller numbers of patients should be encouraged to 
continue with cryosurgery given the satisfactory results 
that can be obtained. The additional expense of laser 
equipment should be carefully weighed against its po- 
tential advantages in a given practice situation. Cryo- 
therapy has the additional advantage of being odorless 
and does not require expensive ancillary equipment for 
the evacuation of smoke and odor, which ts impor- 





272 Benedet et al. August 1987 
Am J Obstet Gynecol 


Table IV. Cryotherapy: Results of treatment at 5 years 






Available for 
assessment SUCCESS Failure 
Patients 
Mild dysplasia (CIN I) 54 (94.4) 45/51 (88.2) 6/5] (11.8) 
Moderate dysplasia (CIN II) 207 Pe (85.5) 159/177 (89.8) 18/177 (10.2) 
Severe dysplasia (CIN II) 254 211 (83.1) 192/211 (91) 19/211 (9) 
Carcinoma in situ (CIN III) 328 286 (87.2) 252/286 (88) 34/286 (11.9) 
Total ' 843 725 (86) 648/725 (89.4) 77/725 (10.6) 


CIN = Cervical intraepithelial neoplasia. 
= 1.1727; p = 0.760. 


Table V. Cryotherapy: Results of treatment at 10 years 






Available for 
assessment Success Failure 
Patients 
Mild dysplasia (CIN I) 5 (40.0) 2/2 (100.0) 0/2 (0.0) 
Moderate dysplasia (CIN II} 28 5 (78.6) 19/22 (86.4) 3/22 (13.6) 
Severe dysplasia (CIN IHI) 33 29 (66.7) 20/22 (90.9) 2/22 (9.1) 
Carcinoma in situ (CIN III) _59 43 (72.9) 35/43 (81.4) 8/43 (18.6) 
Total 125 89 (71.2) 76 (85.4) 18 (14.6) 


CIN = Cervical intraepithelial neoplasia. 
x3 = 1.446; p = 0.695. 


Table VI. Treatment failures by year and initial histologic diagnosis in patients eligible for 5 or more 
years of follow-up 











Histologic diagnosis 


Mild dysplasia Moderate dysplasia ‘| Severe dysplasia Carcinoma in situ 
(CIN I) (CIN H) (CIN IHI) (CIN HI) Total 
3 14 


Yr after Cumulative failure 
treatment rate (%) 
] 15 18 50 6.8 
2 l 3 6 10 7.4 
3 3 3 6 8.1 
4 2 ] 5 8 9.2 
5 l 2 3 9.6 
6 2 2 10.0 
7 l ] 10.2 
8 l I 10.6 
9 0 10.6 
10 m ae Ee = 0 10.6 
Total 6 19 19 37 8I 
CIN = Cervical intraepithelial neoplasia. 
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Table VII. Histopathologic Gas oes of recurrences in patients eligible for 5 or more years of follow-up 


> Histopathologic diagnosis of recurrence 


Initital © 
histopathologic 
diagnosis 


Mild dysplasia 


(CIN I) 


‘Moderate dysplasia . | © D 


(CIN II) 


Severe dysplasia 


(CIN HD 


Carcinoma in situ 


(CIN II) 


— s — 


Total 2° 16 


10. 


CIN = Cervical intraepithelial neoplasia. 
*Adenocarcinoma at 6 years. . 
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Host defense during pregnancy: Neutrophil chemotaxis 


and adherence 


Peter J. Krause, M.D., Charles J. Ingardia, M.D., Linda T. Pontius, B.S., 
Harry L. Malech, M.D., Tina M. LoEello, B.A., and Eufronio G. Maderazo, M.D. 


Hartford and New Haven, Connecticut 


Pregnancy is associated with impairment in several immunologic functions that effect the outcome of 
certain infectious and autoimmune diseases. Previous studies have indicated that pregnant women have 
decreased neutrophil motility, but results are discordant. We performed a longitudinal study of 
polymorphonuclear leukocyte chemotaxis using a micropore filter assay and polymorphonuclear leukocyte 
adherence using a nylon wool column assay in 58 women during pregnancy, delivery, and the postpartum 
period. Polymorphonuclear leukocyte chemotaxis was decreased significantly in pregnant women during 
the second (— 20%) and third (— 17%) trimesters and 1 to 3 months post partum (-- 18%), but not during 
the first trimester (— 6%) compared with nonpregnant contro! subjects. The impairment in 
polymorphonuclear leukocyte chemotaxis appeared to be a cell-associated rather than a humoral defect. 
Polymorphonuclear leukocyte adherence was decreased significantly in pregnant women during the third 
trimester (— 16%). These data may help explain the increased incidence of infection and amelioration of 
certain immunologically mediated illnesses during pregnancy. (Am J Osster Gyneco. 1987;157:274-80.) 


Key words: Neutrophil, chemotaxis adherence, pregnancy 


Pregnancy is associated with suppression of a wide 
range of immunologic functions that are thought to 
effect the outcome of certain infectious and autoim- 
mune diseases.’ Studies done in the preantibiotic era 
suggested that pregnant women had more severe 
pneumococcal pneumonia than men or nonpregnant 
women.** Pyelonephritis, disseminated gonococcal in- 
fection, and Listeria monocytogenes bacteremia have been 
reported to be more common in pregnant than non- 
pregnant women.** Women with rheumatoid arthritis 
and other collagen vascular diseases often have an ame- 
lioration of their illnesses during pregnancy.” Poly- 
morphonuclear leukocytes are thought to play an im- 
portant role in the pathogenesis of zhese illnesses. Nor- 
mal accumulation of polymorphonuclear leukocytes in 
an inflammatory site is of critical importance for erad- 
ication of bacterial infection and is dependent on nor- 
mal functioning of polymorphonuclear leukocyte ad- 
herence and motility. Several in vitro studies suggest 
that there is impairment of polymorphonuclear leu- 
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kocyte motility during pregnancy but results are dis- 
cordant and there is little information on possible eti- 
ologic mechanisms.'*' We studied polymorphonuclear 
leukocyte chemotaxis and adherence in 58 women 
during pregnancy and delivery and | to 3 months 
post partum and in healthy, nonpregnant control sub- 
jects. Significant polymorphonuclear leukocyte che- 
motactic and adherence defects were noted during the 
second and third trimesters of pregnancy and in the 
immediate postpartum period. Data are presented sug- 
gesting that the chemotactic defects are the result of 
cellular rather than serum abnormalities. 


Material and methods 


Study subjects. Blood was obtained from healthy, 
pregnant women who attended an obstetric clinic dur- 
ing the first (0 to 14 weeks), second (15 to 28 weeks), 
and third (29 to 40 weeks) trimesters and 1 to 3 months 
post partum. Women with chronic illness or taking 
medication other than vitamins were excluded from the 
study. Blood was simultaneously obtained and tested in 
healthy, nonpregnant subjects of comparable age who 
were taking no medication. Informed consent to obtain 
blood was obtained in all cases in accordance with hos- 
pital institutional review guidelines. 

Preparation of polymorphonuclear leukocytes and 
serum. Blood obtained from study subjects was hepa- 
rinized with preservative-free sodium heparin (Fisher 
Scientific Co., Pittsburgh, Pennsylvania; 50 U/ml blood) 
and sedimented with 6% hetastarch in saline solution 
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(5 parts whole blood/1] part hetastarch) at room tem- 
perature for 15 to 30 minutes. The leukocyte-rich 
plasma was centrifuged at low speed (500 x g). The 
pellet was washed with Medium 199 and then resus- 
pended to a concentration of 5 x 10° polymorpho- 
nuclear leukocytes/0.7 ml. The chemotactic factors 
used in these studies were zymosan-activated serum 
derived from the incubation of healthy, nonpregnant 
adult serum with zymosan (5 mg/ml serum) at 37° C for 
30 minutes or N-formyl-methionylleucyl-phenylalanine 
(FMLP). 

Polymorphonuclear leukocyte locomotion assay. A 
micropore filter assay was employed using modified 
Boyden chambers (Ahlco Corp., Southington, Con- 
necticut) as described previously.“ A polymorphonu- 
clear leukocyte suspension of 5 x 10° cells/0.7 ml Me- 
dium 199 was placed in the upper compartment and a 
chemoattractant was introduced into the lower com- 
partment of the Boyden chamber. The lower com- 
partment contained Medium 199 to test chemokinetic 
responses of 3% zymosan-activated normal serum or 
10-* mol/L FMLP to test chemotactic polymorphonu- 
clear leukocyte responses. In other experiments, serum 
was placed in the upper compartment of the Boyden 
chamber to test for the possibility of a cell-directed 
inhibitor. 

The polymorphonuclear leukocytes were allowed to 
partially penetrate a 13 mm diameter, 5 pm pore size 
cellulose nitrate filter (Schleicher and Schuell, Inc., 
Keene, New Hampshire) during a 90-minute incuba- 
tion period at 37° C in a humid, 5% CO, atmosphere. 
The polymorphonuclear leukocytes were then re- 
moved, fixed, stained with hematoxylin, cleared with 
xylene, and mounted on slides. An automated micro- 
sectioning counting technique was used to determine 
the number of polymorphonuclear leukocyte at 10 um 
increments from 20 pm to 120 um into the filter. Be- 
cause we used a mixed leukocyte suspension, the first 
20 um of the filter was not examined to avoid inclusion 
of monocytes and lymphocytes in the cell counts. The 
mean distance (In micrometers) migrated by the poly- 
morphonuclear leukocytes in 90 minutes of incubation 
time or locomotion index (Ll) was then determined. 
A mean Ll, value of triplicate determinations was cal- 
culated for each blood sample. To minimize filter vari- 
ability, prepurchase testing of samples of filters from 
various uncut sheets or lot numbers are performed. 
Filters from a satisfactory lot are used. Because occa- 
sional variations between lots of filters are unavoidable, 
simultaneous daily testing of healthy adults along with 
study subjects is always carried out. 

Polymorphonuclear leukocyte functional subsets 

Micropore filter assay. Differences in motility among 
polymorphonuclear leukocytes were analyzed by the 
depth that they reached into the filter. Slow-moving 
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polymorphonuclear leukocytes were arbitrarily defined 
as those traveling 20 to 60 wm into the filter whereas 
fast-moving polymorphonuclear leukocytes were those 
traveling 70 to 140 pm into the filter. 

31D8 monoclonal antibod). Polymorphonuclear leu- 
kocyte functional subpopulations were also defined 
with use of the mouse monoclonal antibody 31D8, 
which binds heterogeneously to polymorphonuclear 
leukocytes and correlates with polymorphonuclear leu- 
kocyte chemotaxis. The methods used for 31D8 label- 
ing and analysis have been described previously.’® € In 
brief, separated polymorphonuclear leukocytes were 
washed twice in phosphate-buffered saline solution/bo- 
vine serum albumin, counted, mixed with 31D8 anti- 
body, and allowed to incubate on ice for 45 minutes. 
The polymorphonuclear leukocytes were then washed 
three times in phosphate-buffered saline solution/bo- 
vine serum albumin and incubated for 30 minutes 
on ice with fluorescein isothiocynate—labeled goat- 
antimouse IgG. The labeled polymorphonuclear leu- 
kocytes were washed three more times in phosphate- 
buffered saline solution/bovine serum albumin and 
stored on ice, in the dark, and in the absence of CA++ 
or Mg++ until use. Flow microfluorometry was per- 
formed with an EPICS C (Coulter, Electronics Inc., 
Hialeah, Florida) with an argon laser emitting 500 mW 
at 488 nm. Forward and 90° light scatter was used to 
identify the polymorphonuclear leukocyte populations 
from lymphocytes and monocytes. The fluorescence 
intensity distribution of 10,000 polymorphonuclear 
leukocytes was determined. The data were presented 
as the number of cells on the vertical axis and log green 
fluorescence on the horizontal axis divided into a three- 
decade log scale consisting of 255 channels. 

Polymorphonuclear leukocyte adherence assay. 
Polymorphonuclear leukocyte adherence was studied 
because adherence of polymorphonuclear leukocytes 
to vascular epithelium is the first step in accumulation 
of polymorphonuclear leukocytes at an inflammatory 
site. A well-regulated polymorphonuclear leukocyte ad- 
herence is also necessary for normal polymorphonu- 
clear leukocyte chemotaxis.” A modification of a pre- 
viously described nylon wool column adherence assay 
was used to measure polymorphonuclear leukocyte ad- 
herence.” Forty milligrams of nylon wool (LeukoPak, 
Fenwal Inc., Ashland, Massachusetts) was packed to a 
height of 1.5 cm in a tuberculin syringe without the 
needle or plunger. Separated polymorphonuclear leu- 
kocytes were prepared as described above. An aliquot 
(0.1 ml) of the polymorphonuclear leukocyte solution 
was removed for determination of the polymorpho- 
nuclear leukocyte count while 1.0 ml was allowed to 
percolate through the nylon column in the syringe. The 
effluent was collected, a polymorphonuclear leukocyte 
count determined, and the percent adherence calcu- 
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Table I. Mean chemokinetic and chemotactic Lla values in 58 pregnant women and 58 nonpregnant 


control subjects 


Chemohinesis 


Chemotaxts (Medium 199)* 
Trimester | 47.3 + 12 5).2 + 11.3 40.6 + 14.1 51.4 + 17.5 34.7 + 7.4 35.9 + 8.7 
Trimester 2 51.4 + ie 64.2 + 12.8 45.0 + 7.77 54.9 + 8.8 37.2 + 7.4 37.0 + 7.3 
Trimester 3 51:6: ae 17.27 62.4 + 14.4 44.8 + 8.4 48.9 + 8.4 36.7 + 8.9 37.9 + 8.2 
Delivery 49.9 + 13.67 61.8 + 15.1 ND ND 36.5 + 6.5 41.4 + 8.9 
Post partum 52.6 + 2.84 64.4 + 18.5 42.0 + 7.8 50.3 + 9.0 42.5+ 11.8 42.4 + 11.4 


PW, pregnant women; C, control subjects, ND, not done. 


*Contents of the lower compartment cf the Boyden chamber. 


tp < 0.05 compared with control with the Student t test. 
tp < 0.01 compared with control with the Student t test. 


lated according to the formula: percent polymorpho- 
nuclear leukocyte adherence = ([orizinal polymorpho- 
nuclear leukocyte count — effluent polymorphonu- 
clear leukocyte count]/[original polymorphonuclear 
leukocyte count]) x 100. Each test was run in triplicate. 

Statistical analysis. Significance of differences was 
evaluated by the Student t test. Linear regression anal- 
ysis was performed according to standard statistical 
procedure. A p value <0.05 was considered significant. 


Results 


Fifty-eight healthy pregnant women were enrolled 
in the study. Eleven women were studied in all three 
trimesters, 27 women were studied in at least two 
trimesters, and 20 were studied in one trimester. Thir- 
teen women were studied at delivery and 21 in the 
postpartum period. Cord blood samples were obtained 
from the newborn infants of 13 women. Fifty-two 
women delivered healthy, term infants. Five infants 
were premature. There was one miscarriage. 

Polymorphonuclear leukocyte chemotaxis. Signif- 
cant impairment in polymorphonuclear leukocyte che- 
motaxis was noted in the second and third trimesters 
of pregnancy, during delivery, and in the postpartum 
period, but not in the first trimester (Table I). The 
percentage decrease in polymorpaonuclear leukocyte 
chemotaxis in pregnant women during the second 
trimester compared with nonpregnant control subjects 
was — 20% with activated normal serum and — 18% 
with FMLP used as chemoattractants. Respective values 
during the third trimester were —17% for activated 
normal serum and —8% with FMLP. Polymorphonu- 
clear leukocyte chemokinetic values were not signifi- 
cantly different in pregnant women and nonpregnant 
control subjects. Results of polymorphonuclear leu- 
kocyte chemotaxis and chemokinesis were similar in the 
11 women studied in all three trimesters compared with 


the other 47 women studied in only one or two trimes- 
ters (Fig. 1). Further studies indicated that decreased 
polymorphonuclear leukocyte chemotaxis in pregnant 
women resulted from cellular rather than humoral ab- 
normalities. No difference in the enhancement of poly- 
morphonuclear leukocyte chemokinesis was observed 
when serum from pregnant women or nonpregnant 
control subjects was incubated with polymorphonuclear 
leukocytes in the upper compartment of the Boyden 
chamber. These data indicate that a cell-directed in- 
hibitor did not contribute to decreased polymorpho- 
nuclear leukocyte chemotaxis during pregnancy. Sim- 
ilarly, there was no evidence of chemotactic factor in- 
activator activity in serum from pregnant women. 
Generation of complement-derived chemotactic activ- 
ity was similar in serum from pregnant women and 
nonpregnant control subjects as shown by similar poly- 
morphonuclear leukocyte chemotactic values when 
zymosan-activated serum from pregnant (53.3 + 15.1 
pm) or nonpregnant (58.3 + 14.1 wm) subjects was 
placed in the bottom compartment of the Boyden 
chamber. 

Polymorphonuclear leukocyte functional subsets 

Micropore filter assay. Analysis of the distribution of 
polymorphonuclear leukocytes at different distances 
into the micrepore filter in both pregnant and non- 
pregnant women shows a heterogeneous polymorpho- 
nuclear leukocyte chemotactic response (Fig. 2). Preg- 
nant women had a higher percentage of polymorpho- 
nuclear leukocytes moving 20 to 70 p.m into the filter 
(81%) than had control subjects (69%; p < 0.01). The 
size of the “slow” population of polymorphonuclear 
leukocytes was significantly different between women 
in the second and third trimesters and post partum 
compared with control subjects but not for women in 
the first trimester. We examined the possibility that this 
population of “slow” cells was immature polymorpho- 
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Fig. 1. Percent change in polymorphonuclear leukocyte (PMN) chemotaxis in 58 women during 
pregnancy and the postpartum period compared with 58 nonpregnant control subjects. Mean PMN 
chemotaxis values using zymosan-activated serum in pregnant women studied in all three trimesters 
are depicted by closed circles and one or two trimesters by open circles. The trimesters are delineated 
as follows: first trimester, 0 to 14 weeks; second trimester, 14 to 28 weeks; third trimester, 28 to 
40 weeks, and post partum, 40 to 56 weeks. Mean chemotaxis values + 1 SD for each trimester are 


depicted by the horizontal lines. 


nuclear leukocytes (bands and metamyelocytes) because 
they are less motile than mature cells. There was a 
significantly higher percentage of immature polymor- 
phonuclear leukocvtes in pregnant women than in non- 
pregnant control subjects during the third trimester 
(20.6% + 8.9% and 5.6% + 2.3%, respectively; p < 
0.01) but not during the other two trimesters when 
compared with control subjects. 

31D8 monoclonal antibody—binding assay. To further 
study the heterogeneous chemotactic response noted 
with the micropore filter assay, we used immunoglob- 
ulin G mouse monoclonal antibody (31D8), which 
binds heterogeneously to polymorphonuclear leuko- 
cytes from the peripheral circulation and correlates 
with polymorphonuclear leukocyte functional hetero- 
geneity." 1 Polymorphonuclear leukocytes from seven 
women studied on at least two separate occasions dur- 
ing pregnancy and post partum and nonpregnant con- 
trol subjects were labeled with 31D8. The majority of 
polymorphonuclear leukocytes strongly bound 31D8 
(31D8 “bright”) and generated a highly fluorescent 
peak. The remaining polymorphonuclear leukocytes 
weakly bound 31D8 (31D8 “dull”) and generated a con- 
tiguous, smaller, less fluorescent area to the left of the 
major peak. 31D8 “bright” cells depolarize, reduce ni- 
troblue tetrazolium, and migrate chemotactically when 


stimulated with the chemoattractant FMLP, whereas 
31D8 “dull” cells fail to respond similarly.’* © The num- 
ber of polymorphonuclear leukocytes in pregnant 
women and control subjects that strongly bound 31D8 
were quantitated as described previously. No significant 
differences were noted in 31D8 binding during preg- 
nancy (88.5% + 5%) compared with control subjects 
(87.6% + 4%), nor were any differences noted for any 


_ of the trimesters. These data indicate that the differ- 


ences in the heterogeneous polymorphonuclear leu- 
kocyte chemotactic response noted with the micropore 
filter assay between pregnant women and nonpregnant 
control subjects was not a result of differences in the 
amount of 31D8 polymorphonuclear leukocyte an- 
tigen. 

Polymorphonuclear leukocyte chemotaxis in preg- 
nant women and their newborn infants. Cord blood 
was obtained from 13 newborn infants whose mothers 
were enrolled in the study. Mean polymorphonuclear 
leukocyte chemokinetic and chemotactic values for the 
newborn infants were 34.3 + 9.9 um and 38.6 + 12.7 
um, respectively, compared with values of 35.8 + 5.7 
um (p = 0.63) and 53.5 + 8.1 pm (p = 0.001), re- 
spectively, in their mothers during pregnancy. Linear 
regression analysis was used to determine whether in- 
fants born to mothers with high polymorphonuclear 
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Fig. 2. The heterogeneity of polymorphonuclear leukocyte chemotaxis in the 11 pregnant women 
studied in all three trimesters of pregnancy and in 1] nonpregnant subjects. The mean percentage 
of cells that moved into the filter from women during the second trimester of pregnancy are shown. 


leukocyte motility values relative to other mothers had 
high polymorphonuclear leukocyte motility values rel- 
ative to other infants. No such relationship was found 
with either polymorphonuclear leukocyte chemokine- 
sis (r = —0.13; p = 0.66) or chemotaxis (r = 0.48; 
p = 9.10). | 

Polymorphonuclear leukocyte adherence. Mean 
polymorphonuclear leukocyte adherence values were 
significantly decreased during pregnancy (76.8% + 
18.4%; n = 45) compared with healthy control subjects 
(86.2% + 13.8%; n = 45; p< 0.01). Although mean 
polymorphonuclear leukocyte adherence values during 
each trimester and post partum were decreased com- 
pared with those of nonpregnant control subjects, it 
was only during the third trimester that the difference 
between values in pregnant women (75.0% + 20.3%; 
n = 16) and nonpregnant control subjects (88.8% + 
12.0%; n = 16; p = 0.03) were significant. 


Comment 


The results of this study clearly indicate that there is 
a significant decrease in polymorphonuclear leukocyte 
chemotaxis and adherence during the latter part of 
pregnancy. A well-regulated chemotaxis and adherence 
enable polymorphonuclear leukocytes to move rapidly 
from the vascular compartment to the peripheral tis- 
sue.” Polymorphonuclear leukocytes are thought to be 
of central importance for both eradication of invasive 


bacterial pathogens and tissue damage that occurs in 
several connective tissue disorders. Miles et al." have 
shown that delay of delivery of polymorphonuclear leu- 
kocytes to infected tissue for as little as 2 to 4 hours 
may prevent the eradication of a focus of infection in 
spite of eventual accumulation of polymorphonuclear 
leukocytes as shown by pus formation. The unit of mea- 
sure of polymorphonuclear leukocyte chemotaxis used 
in this study (Li) is the average distance traveled 
by all the polymorphonuclear leukocytes. Therefore, 
small numeric differences in the Ll may represent 
large functional differences in polymorphonuclear leu- 
kocyte chemotaxis. Several studies have indicated that 
lysosomal enzymes and other mediators of inflamma- 
tion released by polymorphonuclear leukocytes are im- 
portant causes of rheumatoid inflammation.'* ?° Our 
results may therefore help explain the increased se- 
verity of several infectious diseases in pregnant women, 
including gonorrhea, listeriosis, pneumococcal pneu- 
monia, scarlet fever, typhoid fever, diphtheria, septic 
shock, and pyelonephritis,’* as well as the improvement 
in symptoms of illnesses such as rheumatoid arthritis 
and ankylosing spondylitis.’ 

Previous studies of polymorphonuclear leukocyte 
function during pregnancy have averaged polymor- 
phonuclear leukocyte chemotactic values from differ- 
ert subjects over several months rather than weekly, 
have not followed the same pregnant women through- 
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out pregnancy, and have used different assays of poly- 
morphonuclear leukocyte chemotaxis than in our 
study.” ° Nonetheless, our findings of normal poly- 
morphonuclear leukocyte chemotaxis during the first 
14 weeks of gestation and decreased polymorphonu- 
clear leukocyte chemotaxis during the subsequent 26 
weeks of gestation and for 3 months post partum are 
similar to those of Bjorksten et al.’° and Cotton et al.” 
They are also compatible with clinical observations that 
the greatest severity of certain bacterial infections occur 
during the latter half of pregnancy.** 

The mechanism(s) of decreased polymorphonuclear 
leukocyte chemotaxis during pregnancy is unclear. Our 
results indicate that a cell-associated rather than a se- 
rum factor accounts for impaired polymorphonuclear 
leukocyte chemotaxis in pregnant women. These re- 
sults are concordant with most previous studies, al- 
though the gentle washing used in polymorphonuclear 
leukocyte isolation procedures may not be sufficient to 
clear a serum inhibitor. The absence of a diffusable 
chemotactic inhibitor would help explain why no cor- 
relation was noted between the magnitude of impair- 
ment of chemotaxis in pregnant women and in their 
newborn infants. Although previous studies suggest 
that a cell-associated defect is responsible for decreased 
polymorphonuclear leukocyte chemotaxis during preg- 
nancy, no specific polymorphonuciear leukocyte defect 
has as vet been identified in pregnant women. 

Previous studies have shown that mature polymor- 
phonuclear leukocytes are not functionally homoge- 
neous. A heterogeneous chemotactic response has been 
noted among polymorphonuclear leukocytes that ap- 
pear mature by light microscopy, with approximately 
60% to 80% of cells being classified as fast movers and 
the rest as slow movers.’* '°?! There was a larger per- 
centage of less motile polymorphonuclear leukocytes 
in pregnant women in the second and third trimesters 
and in the postpartum period compared with non- 
pregnant control subjects. This could not be completely 
explained by differences between the two groups in 
percentages of immature polymorphonuclear leuko- 
cytes because a significant difference in band and meta- 
myelocyte counts was noted only during the third 
trimester. The monoclonal antibody 31D8 was used to 
investigate another possible explanation for the in- 
crease in less motile polymorphonuclear leukocytes in 
women during the last two trimesters of pregnancy. 
Recent studies suggest that the 31D8 monoclonal an- 
tibody can detect specific polymorphonuclear leukocyte 
functional subpopulations derived from different pro- 
genitor cells in the bone marrow.'* No significant dif- 
ference in antibody binding to polymorphonuclear leu- 
kocytes from pregnant women and nonpregnant con- 
trol subjects was found, however. 
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Another cell-associated defect that could account 
for decreased polymorphonuclear leukocyte chemo- 
taxis during pregnancy is polymorphonuclear leuko- 
cyte adherence because polymorphonuclear leukocyte 
chemotaxis is dependent on a well-regulated adher- 
ence.” Polymorphonuclear leukocyte adherence was 
decreased in pregnant women during the third trimes- 
ter. Because polymorphonuclear leukocyte chemotaxis 
was decreased during the second and third trimesters, 
impairment of polymorphonuclear leukocyte adher- 
ence in pregnant women also does not completely ex- 
plain the decrease in polymorphonuclear leukocyte 
chemotaxis. 

The results of this study indicate that polymorpho- 
nuclear leukocyte chemotaxis is decreased during the 
second and third trimesters of pregnancy and in the 
postpartum period whereas polymorphonuclear leu- 
kocyte adherence is decreased during the third trimes- 
ter of pregnancy. These findings might help explain 
the increased severity of bacterial infections and ame- 
lioration of certain collagen vascular diseases during 
pregnancy. Further studies are needed to elucidate the 
mechanisms of suppression of polymorphonuclear leu- 
kocyte chemotaxis and adherence during pregnancy. 


We thank Dr. Charles Woronick, Agnes Reynolds, 
Charlotte Block, Phyllis Bannon, Claire Eddy, and Pa- 
tricia Fort for their assistance. 
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Appropriate use of varicella zoster immunoglobulin to prevent or ameliorate maternal or perinatal infection 
depends on accurate identification of varicella-susceptible women. Détection of fluorescent antibody to 
varicella zoster virus membrane antigen is an available means for identifying women exposed to varicella 
who are at risk for infection. During a 52-year period, 37 pregnant women who had been exposed to 
varicella and who had a negative or indeterminate history of prior varicella were tested for the presence of 
varicella zoster virus membrane antigen. Among the 17 women with a negative history, 12 (71%) had a 
positive test result and five (29%) had a negative test result. Among 20 women with indeterminant 
histories, 18 (90%) were immune and two (10%) were susceptible. Three additional women who were 
tested despite a history of varicella had positive varicella zoster virus membrdne antigen test results, 


Overall, 


81% of patients with a negative or uncertain history of varicella had serologic evidence of past 


varicella. One of six untreated seronegative women and one weakly positive woman developed disease. 
There was no instance of congenital varicella. Expeditious determination of varicella zoster virus 
membrane antigen or equivalent anti-varicella antibody status in pregnant women exposed to varicelia 
appears to be a rapid, satisfactory method for determining who should promptly receive varicella zoster 
immunoglobulin passive immunization. (Am J Osstet GyNecoL 1987;157:281-4.) 


Key words: Varicella, pregnancy, antibody, prevention, serology, immunization 


Varicella is an acute, highly contagious, common 
childhood infection that is increasingly recognized as a 
potential cause of serious maternal and perinatal mor- 
bidity in susceptible pregnant women.'® Varicella in 
pregnant women may be complicated by preterm labor, 
pneumonia, and occasionally death.'* Although un- 
common, intrauterine infection is associated with still- 
birth and stigmata of congenital varicella infection, 
including mental retardation, microcephaly, blind- 
ness, limb hypoplasia, and skin scarring with contrac- 
tions. ° Maternal exposure to varicella is not uncom- 
mon because of the prevalence of this illness in small 
children. Past estimates suggest that five cases of vari- 
cella or herpes zoster occur per 10,000 pregnancies and 
that a transplacentally transmitted congenital varicella 
infection occurs in 5% or less of maternal varicella in- 
fections.*’ Recent reports indicate that maternal and 
congenital varicella may be more common than this.'° 

Varicella confers lifelong immunity in immunocom- 
petent hosts. In susceptible individuals, passive im- 
munization with high-titer varicella zoster immuno- 
globulin given within 96 hours after exposure prevents 
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or ameliorates varicella.’? Although relatively expen- 
sive, varicella zoster immunoglobulin is now widely 
available. Accordingly, passive immunization of suscep- 
tible women exposed to varicella is recommended to 
reduce the risks of maternal and fetal varicella.®"° This 
represents a change from recommendations made 
when varicella zoster immunoglobulin was in short 
supply. 

The fluorescent antibody test for varicella zoster vi- 
rus membrane antigen is a satisfactory means of de- 
termining susceptibility to varicella." ? Recent infor- 
mation suggests that enzyme-linked immunosorbent 
assay—immunoglobulin G anti-varicella zoster virus 
serologic testing appears equivalent, to varicella zoster 
virus membrahe antigen testing and is easier to per- 
form.’ ” Because determination of susceptibility to 
varicella solely on the basis of a negative history may 
be unreliable,* we evaluated the use of the varicella 
zoster virus membrarie antigen test to determine var- 
icella susceptibility and decide who, amiong 37 pregriant 
women with recent exposure to varicella, should receive 
varicella zoster immunoglobulin. 


Material and methods 


The exposed pregnant women were seen at the Uni- 
versity of Colorado Health Sciences Center between 
January I, 1980, and June 13, 1986. Approximately 
13,500 deliveries were performed during this period. 
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Table I. Correlation of FAMA results in 
patients with a negative history of varicella 





Negative 





Positive 






Definitely 17 12 71 5 29 


negative 
Indefinite 20 18 90 2 10 
Total . 37 30 81 7- 19 


t . ` 4 a 
-FAMA, varicella zoster virus membrane antigen. 


Age, race, socioeconomic status, and obstétric features 
of these patierits were unremarkable. All patients were 
born in North America. Information concerning past 
history of vaticella; and the timing and type of expo- 
sure, was obtained from the patient or other family 
members. Varicella zoster Virus membrane antigen test- 
ing was undertaken in 37 women who had had ä recent 
exposure (<4 days before) and a ñegative or unknown 
history df prior varicella, Three additional patients 
were tested despite a history of varicella. The diagnosis 
of vaticella in the index cases was made ‘on clinical 
grounds: Varicella zoster virus membrane antigen test 
procédures, controls, and serologic material were as 
described elsewhere.'? ' 

The clinical outcomes of tested women and their 
newborns were obtained by chart review. Equations de- 
rived from Bayes’ theoreri were used to calculate false 
riegative and positive rates." 


Results E l 

Thirty of the 37 (81%) women with negative histories 
were seropositive; demonstrating forgottén or inap- 
parent prior vaticella (Table I). The three women with 
histories of Varicella’ had positive test: results. 

Because of restrictéd Supplies, vdricella zoster im- 
munoglobulin was riot available or recommended for 
immunocompetent pregnant worhen during the initial 
years of this study. -Only one seronegative patient re- 
ceived varicella zoster immunoglobulin and she re- 
mained well. No infant developed congenital varicella. 

Of the 37 patients with negative histories, 12 (32%) 
had cldse household, contact with infected offspring. 
Three of these 12 womeh were actually seronegative 
(Table 11). Amorig the three seronegative women, only 
one (33%) developed varicella. Ancther 21 women 
were exposed outside their homes to relatives, students, 
or friends or within the hospital to -patients with vari- 
cella. Four of these 21 women were seronegative and 
none developed illness. Thus only one of six (17%) of 
untreated susceptible pregnant women developed var- 
icella. One woman with a weakly positive test result at 
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Table Il. Gon aon of history of varicella, 
FAMA results, type of exposure, and 
clinical outcome 





Type of exposure 










H ouschold Household 
(nonchild) 





Nonhousehold 





History/FAMA 





(n) (n) 
Negative/negative 3* E 4f 
Negative/positive 9 4 174 
Positivé/positive§ l . 2 0 


FAMA, varicella zoster virus membrane antigen; V-ZIG, 
varicella zoster immunogldbulin. 


*One patient with varicella pneumonitis, no V-ZIG, >96 
hours after exposure. , 


{One patient given V-ZIG remained well. This i is the only 
patient who received V- ZIG. 


One patient with positive FAMA who developed mild var- 
icella. 


§Includes three patients who een FAMA despite his- 
tory of varicella. 


1:2 dilution developed mild; uncomplicated varicella 
15 days after a nonhousehold exposure. 

A negative history of varicella was unreliable because 
81% of such patients had serologic evidente of past 
varicella, Susceptibility to varicella, as determined by 
recollection, had a false negative rate of 91% and a 
false positive rate of 0%. In this clinical setting, varicella 
zoster virus membrane antigen testing was satisfactory, 
giving a false negative. rate of disease susceptibility of 
only 16%, A single occurrence of a mild case of varicella 
in a woman with a weakly positive test result (false pos- 
itive rate of 50%) was of concern but was not associated 
with morbidity. These absolute ratés are questionable 
because the nunibers are small, exposures were vari- 
able, and the population was cece? for a negative 
histofy of varicella. 

Because not all pregnant women with an exposure 
to varicella were examined serologically during this pe- 
riod, these results should not be considered population 
baséd. Nevertheless, the two cases of maternal varicella 
that occurred at our center during the study were 
among the 37 tested women who did not have a history 
of varicella. 


Comment 


Our findings in pregnant women confirm those of 
Ross,* who showed that approximately 80% of non- 
pregnant adults with iio recollection of varicella are 
actually inmune on the basis of serologic evidence. Ross 
estimated that only 4% of infections are subclinical. 
Previously, Ross showéd that only 8% of exposed par- 
ents with a negative history developed varicella. That 
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only one of three sero-susceptible women with a house- 
hold exposure to an infected child developed varicella 
suggests that pregnant women may not be as susceptible 
to this infection as are children. Previously, Ross 
showed that only 8% of exposed parents with a negative 
history developed varicella. These observations fit with 
the relatively infrequent occurrence of varicella in 
pregnant women despite an approximately 10% sus- 
ceptibility rate in the general population and the an- 
ecdotal frequency of maternal exposure to small chil- 
dren with varicella.“ Subgroups, including immigrants 
from the Caribbean and the tropics and individuals who 
were sequestered in childhood, may be at significantly 
higher risk for acquiring varicella." A negative history 
of prior varicella is more likely to be reliable within 
these subgroups. 

It should be emphasized that passive immunization 
in the perinatal setting is aimed primarily at prevention 
of varicella in the mother and newborn. Because of 
possible incomplete uptake and transplacental trans- 
mission, the newborn of a mother who received vari- 
cella zoster immunoglobulin within 5 days before de- 
livery should be passively vaccinated promptly after 
birth.’ There is as yet no evidence that passive immu- 
nization of varicella virus—susceptible women can pre- 
vent intrauterine infection.® It is theoretically possible 
that passive varicella zoster immunoglobulin immuni- 
zation could modify maternal varicella infection so that 
it becomes asymptomatic while still allowing transpla- 
cental infection. 

These results confirm those of Williams et al.'* show- 
ing that varicella zoster virus membrane antigen is sen- 
sitive and useful in determining who should receive 
varicella zoster immunoglobulin. Measurement of var- 
icella zoster virus membrane antigen, or an equivalent 
test, provides a rapid, practical, and cost-effective 
means of determining immunity to varicella in exposed 
pregnant women who give a negative history for prior 
infection. Direct clinical comparisons with alterna- 
tive serologic tests, including enzyme-linked immu- 
nosorbent assay—immunoglobulin G, remain to be 
performed.''” 

Although now available for unrestricted use, varicella 
zoster immunoglobulin remains expensive, costing ap- 
proximately $75 for a single 125 U vial, with most adult 
doses totaling at least $375 (one vial for each 10 kg 
body weight, up to five vials intramuscularly). Labo- 
ratory charges for varicella zoster virus membrane an- 
tigen are $30 at our institution, so determination of 
varicella susceptibility is clearly cost-effective because 
screening can avoid prophylaxis for approximately 
80% of exposed individuals with negative or indeter- 
minate histories of past varicella infection, Intramus- 
cular varicella zoster immunoglobulin administration 
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can cause pain and swelling at the injection site, as well 
as occasional constitutional symptoms and rarely ana- 
phylaxis.* Transmission of viral infection, including hu- 
man immunodeficiency virus (HIV), is not a demon- 
strated risk.’ 

Serologic testing should be expedited and varicella 
zoster immunoglobulin given within 96 hours of ex- 
posure of seronegative pregnant women to varicella. 
Although less contagious than varicella, herpes zoster 
is also a source of varicella zoster virus infection in 
susceptible individuals. If reliable varicella zoster virus 
antibody testing is unavailable, pregnant women with 
a definite negative history of prior varicella infection 
should be given varicella zoster immunoglobulin. How- 
ever, it should be realized that the majority of these 
passive immunizations are unnecessary. Past informa- 
tion suggests that immunocompetent pregnant women 
with a positive history of past varicella do not require 
serologic testing or varicella zoster immunoglobulin im- 
munization. In Ross’ study® of 641 adults exposed to 
varicella, only one of 475 (0.002%) with a positive his- 
tory of prior varicella developed disease. As noted, the 
only cases of maternal varicella seen at our center dur- 
ing the study period did not have a prior history of 
varicella. 

Consideration should be given to routinely obtaining 
a history of past varicella infection early in pregnancy. 
Susceptibility of women with a negative history could 
then be determined serologically and the patient ad- 
vised; varicella zoster immunoglobulin administration 
could be expedited if exposure occurs during preg- 
nancy. Availability of a safe and effective varicella zoster 
virus vaccine would allow for active vaccination of sus- 
ceptible nonpregnant women, as is done for rubella, 
and facilitate further reduction of varicella-related 
morbidity in women as well as their fetuses and 
newborns. 
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Sonographic features of the triploid fetus 


C. Lockwood, M.D., A. Scioscia, M.D., R. Stiller, M.D., and J. Hobbins, M.D. 


New Haven, Connecticut 


The sonographic characteristics of six viable triploid fetuses, with gestational ages ranging from 16 to 33 
weeks, are presented. Each pregnancy was associated with decreased amniotic fluid volume, a significant 
lag in biparietal diameter and femur length, and severe head-to-body disproportion. No placental 
abnormalities were noted on ultrasound and only one placenta demonstrated hydropic change (15% to 
20% of villi) on pathologic examination. Since the nonmolar triploid fetus often presents with unexplained 
intrauterine growth retardation, identification of its characteristic sonographic features allows for karyctype 
confirmation and the avoidance of inappropriate obstetric management. (Am J OBSTET GYNECOL 


1987;157:285-7.) 


Key words: Triploidy, partial mole, sonographic findings, head-to-body disproportion 


Triploidy is found in 1% of all conceptuses and ac- 
counts for 20% of the chromosomal abnormalities iden- 
tified in spontaneous abortuses.’ The neonatal inci- 
dence of triploidy is 1:2500 to 1:10,000 live births." ? 
The condition is incompatible with long-term extra- 
uterine survival; rapid postpartum deterioration is the 


rule. Triploidy associated with partial hydatidiform 


mole may present as atypical toxemia; alternatively, 
nonmolar triploidy may be manifested by severe and 
enigmatic fetal growth retardation. This report de- 
scribes in detail the sonographic features of the viable 
triploid fetus in gestations not complicated by obvious 
partial hydatidiform mole. Recognition of the charac- 
teristic sonographic features will enable expeditious 
karyotype confirmation and appropriate obstetric man- 
agement. 


Material and methods 


All diagnoses of triploid karyotype made at the Yale 
University cytogenetics laboratory between 1984 and 
1986 were ascertained. Sources for cell cultures in- 
cluded amniotic fluid obtained by amniocentesis and 
trophoblasts obtained at the time of pregnancy termi- 
nation. A total of nine pregnancies had undergone ul- 
trasound examinations, six with viable fetuses and no 
sonographic evidence of placental molar degeneration 
and three with sonographic evidence of molar degen- 
eration and either a nonviable hydropic fetus (n = 1) 
or no identifiable fetal pole (n = 2). Ultrasound eval- 
uations were performed at the Yale University Perinatal 
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Unit and the Bridgeport Hospital Antenatal Testing 
Unit with a General Electric Model RT3000 (G.E. 
Corp., Rancho Cordova, California). 


Results 


Cytogenetic, pathologic, and sonographic data for 
the six pregnancies accompanied by viable fetuses are 
presented in Table I. Each pregnancy was associated 
with decreased amniotic fluid volume, a significant lag 
in biparietal diameter and femur length, and profound 
head-to-body (head circumference/abdominal circum- 
ference) disproportion. Sonographers also commented 
on the lack of fetal movement and marked flexion about 
the spine in Cases 1, 2, and 6. . 

After amniocentesis, analysis revealed 69,XXX 
karyotypes for each of the six gestations. No obvious 
placental cystic change was noted on sonography. Pla- 
cental pathology reports were available in Cases 1, 2, 
3, 5, and 6; hydropic change (15% to 20% of villi) was 
demonstrated only in Case 3. None of these pregnan- 
cies were complicated by toxemia. 

In addition, in the three gestations demonstrating 
obvious placental molar change on ultrasound, the pa- 
tients presented at 14 to 17 weeks’ gestation. In all cases, 
placental pathologic examination confirmed partial 
mole. In two cases, a 69,XXY karyotype was identified, 
with no fetus present in each case (one accompanied 
by preeclampsia). A hydropic 12-week fetus (crown- 
rump length) without a heartbeat was identifed in a 
third patient who presented with eclampsia at 14 weeks’ 
gestation; the karyotype was 69,XXX. 


Comment 


The triploid infant (fetus) is always severely growth 
retarded with symmetrical shortening of both head size 
and long bone length.’ In addition, a significant head- 
to-trunk disproportion appears to be present.' Asso- 
ciated anomalies are variable but can include syndactyly 
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Table I. Data for six pregnancies with viable fetuses 




























Gestational 
age* 


Evaluation date 
and indication 







Karyotype 


l 7/25/86 69,XXX 28.5 
Growth lag 

2 12/85 69,XXX 22.5 
Growth lag 

3 8/84 69,XXX 23.0 
Oligohydramnios 

4 4/84 69,XXX 18.0 
Oligohydramnios ; 

5 9/86 69,XXX >- 33.0 
Growth lag 

6 10/84 69,XXX 16.6 
Genetic 
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BPD (cm) and | Cephalic Head 
Femur length (cm) and | gestational age index circumference 
gestational age (wk) (wh) (%) (cm) 


4.0/23.1 5.7/23.5 69 22.7 
2.7/18.3 4.2/18.6 75 16.0 
3.3/20.4 4.5/19.5 74 17.0 
1.8/15.2 S1/15:3 75 11.7 
4.7/25.8 6.8/27.6 N/A 25.0 
1.5/14.2 2.8/14.5 76 10.5 


BPD = Biparietal diameter; HC/AC = head circumference/abdominal circumference ratio; N/A = not available. 


*According to last menstrual period. 


tSeurce: Campbell S, Thoms A. Ultrasound measurement of the fetal head to abdomen circumference ratio in the assessment 


of growth retardation. Br J Obstet Gynaecol 1977;84:165. 


Table II. Origin of the additional haploid 
chromosome complement in triploidy 
7 


Maternal origin (digyny) (n = 50, 31%) 


Failure of first meiotic division 22 44 
Failure of second meiotic division 28 56 
100 

Paternal origin (diangy) (n = 113, 69%) 
Failure of first meiotic division 30 27 

(dispermy) 
Failure of second meiotic division 6 5 
Dispermy 171 68 
113 100 
Sources: 


Jacobs PA, Szulman AE, Funkhauser J, et al. Human trip- 
loidy: relationship between parental origin of the additional 
haploid complement and development of partial hydatidiform 
mole. Ann Hum Genet 1982;46:223-31, 


Lauritsen J, Bolund L, Friedrich U, etal. Origin of triploidy 
in spontaneous abortuses. Ann Hum Genet 1979;43:1-5. 


Uchida IA, Freeman VCP. Triploidy and chromosomes. AM 
J OBSTET- GYNECOL 1985;151:65-9. 


of the third and fourth digits (61%), congenital heart 
disease (60%), low-set ears (50%), adrenal hypoplasia 
(44%), micrognathia (30%), cystic renal dysplasia 
(26%), colobomas (25%), abdominal wall defects (23%), 
hydrocephaly—hydranencephaly (18%), neural tube 
defect (13%), and biliary atresia~gallbladder agenesis 
(7%).' Male infants (69,XXY) have abnormal genitalia 
(perhaps because of a lack of X chromosome inacti- 
vation).' Cellular changes include increased nuclear 
and cytoplasmic volume and a 50% increase in cellular 
deoxyribonucleic acid content.’ 

The condition arises when an additional haploid 


complement (n = 23) of chromosomes is present 
(n = 69). The parental origin of these supernumerary 
chromosomes is presented in Table II. Approximately 


62% of triploid cases have a 69,XXY complement while 


37% are 69,XXX; either karyotype may be derived 
from a maternal or paternal extrahaploid source.’ The 
paternally derived 69,XYY karyotype is found infre- 
quently, reflecting a high early loss rate. 

The development of placental - hydatidiform 
degeneration—hydropic change is relatively common in 
triploidy (>50%) while the presence of a partial mole 
is less frequent.' Either trophoblastic abnormality ap- 
pears to be present in all cases in which there is a pa- 
ternal origin of the extrahaploid set of chromosomes 
but is far less common with a maternal origin.* The 
development of toxemia is associated with hydatidiform 
degeneration—partial mole. 

The findings in this small series (confirmed with 
sonography) illustrate the significant degree of fe- 
tal growth retardation present in the triploid fetus. 
Causes may include an abnormally slow fetal mitotic 
rate or suboptimal trophoblast nutritional function. 
While Blackburn et al.’ described a head-to-trunk 
discrepancy, implying that the chest is abnormally 
small, we noted a significant reduction in the abdom- 
inal circumference compared with the head circum- 
ference. In all five cases where it was recorded, the 
head circumference/abdominal circumference ratio 
was greater than the ninety fifth percentile for gesta- 
tional age (mean 1.53, range 1.89 to 1.31), In the sixth 
case, marked head-to-body disproportion was observed 
by the sonographer; however, the abdominal circum- 
ference could not be obtained because of marked fetal 
flexion. Nutritional deficiency with “head sparing,” vis- 
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HC{AC and 
95th percentile 
for gestational 
aget 






Abdominal 
circumference 


(cm) 
12.0 ` 1.89 (1.22) v 


Amniotic 
fluid 


volume 


Placental 
appearance 
and grade 


Normal 


Grade I 

9.3 1.72 (1.25) ad Normal 

Grade'0 

13.0 1.31 (1.21) v Normal 

i Grade 0 

8.3 1.41 (1.29) oe Normal 
N/A 

19.0 1.31 (L11) v Normal 

Grade I 

N/A N/A æ Normal 

Grade 0 


ceral organ hypoplasia, or a relatively slower visceral 
mitotic rate may account for these findings. 

Strikingly decreased amniotic fluid volume was pres- 
entiri all six viable gestations. Blackburn et al.' reported 
the occurrence of clinical polyhydramnios in 64% of 
triploid deliveries but noted that oligohydramnios was 
also more common. Oligohydramnios, when present, 
may reflect decreased renal blood flow as a consequence 
of the intrauterine growth retardation. | 

An absence of placental hydrapic change was con- 
firmed by pathologic examinatign in four of five pla- 
centas examined. Jacobs et al.? suggested that the de- 
velopment of trophoblastic hyperplasia in paternally 
derived triploidy contributes to uterine retention after 
early embryonic-fetal death. The late-aborting (non- 
aborting) triploids of maternal origin would be non- 
molar. Unfortunately, chromosome polymorphism 
studies to identify the parental extrahaploid source 
were not performed. Nonethéless, the lack af hydropic 
or molar change i in four of five’ placentas studied sug- 
gests a predominance of maternal origin. | 


Maternal 
complications 


Nowe Marked fetal flexion 


None Marked fetal flexion 
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Commenis Placental abnormality 











No molar changes 
No fetal movement : 
No molar changes 
No fetal movement 


None , No fetal movement Hydropic degenera- 
tion in' 15%-20% 
villi 

None N/A : N/A 

None Fetal movements No molar changes 

present 
None Marked fetal flexion Immature placenta 
, (no molar 

changes) 


It is concluded that the combination of early onset 
(generally <28 weeks) fetal growth retardation, ex- 
treme head-to-body disproportion, decreased amniotic 
fluid, and a lack of obvious placental molar change may 
be indicative of a triploid fetus. These sonographic fea- 
tures should prompt analysis of karyotype and appro- 
priate obstetric intervention if triploidy is confirmed. 

The finding of obvious molar change, regardless of 
fetal status, necessitates immediate analysis of karyo- 
type and, if triploidy is present, expeditious delivery to 
avoid the ‘development | of potentially life- Ang 
toxemia. i 
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Recurrent small for gestational age birth: Perinatal risks 


and outcomes 


Honor M. Wolfe, M.D., Thomas L. Gross, M.D., and Robert J. Sokol, M.D. 


Detroit, Michigan, and Cleveland, Ohic 


The risk of recurrent small for gestationa’ age birth, as well as maternal and fetal-neonatal characteristics 
associated with recurrence, was examined in 174 mothers of consecutively delivered small for gestational 
age infants followed through an additional 240 livebirths. There was a twofold and fourfold increase in the 
risk for small for gestational age birth after one and two small for gestational age births, respectively. 
Although an intervening average for gestational age birth decreased the risk of recurrence, these women 
remained at increased risk over the general population. Given the history of a previous small for 
gestational age birth, perinatal risks and outcomes considered individually would not improve the prediction 
of recurrence. However, the significantly higher frequency of these variables, considered as a group, 
among mothers with recurrent small for gestational age birth suggests an association with underlying 
maternal disease, for example, chronic rypertension, substance use and abuse, more severe 
fetal-neonatal compromise, and recurrent small for gestational age birth. Recurrent small for gestational 
age birth should. initiate a search for persistent, underlying maternal disease. (Am J OBSTET GYNECOL 


a 


1987;157:288-93,) 


Key words: Intrauterine growth retardation, recurrence, small for gestational age, 


perinatal risk 


Intrauterine growth retardation represents a major 
source of perinatal morbidity and mortality. Clinical 
risk assessment remains an important adjunct to so- 
nographic and biochemical methods for the diagnosis 
and management of impaired growth in utero.’ Risk 
factors associated with an initial small for gestational 
birth have been well delineated.? However, of the more 
than 2000 articles published on intrauterine growth 
retardation in the obstetric and pediatric literature dur- 
ing the past 20 years, only a smal number have ad- 
dressed the issue of the birth of a small for gestational 
age infant as a risk for aberrant fetal growth in sub- 
sequent pregnancies, that is, risk of recurrence.” Al- 
though a history of a previous small for gestational age 
birth has been reported to be among the most predic- 
tive factors for subsequent intrauterine growth retar- 
dation, some of the studies of recurrence have been 
limited because of sample size' and the number of fac- 
tors examined." Other problems, including the defini- 
tion used for small for gestational age birth’ and the 
growth curve used,* may limit the generalizability and 
comparability of previously reported results. 
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Our purpose in the present study was to test the 
hypothesis that the birth of a small for gestational age 
infant is a substantial risk for subsequent growth re- 
tardation. It was further hypothesized that certain peri- 
natal risks and outcomes might increase the risk of 
recurrent small for gestational age births and thus be 
useful to identify those mothers of a small for gesta- 
tional age infant in whom growth retardation will recur. 


Material and methods 


The 5738 consecutive, singleton livebirths occur- 
ring at Cleveland Metropolitan General Hospital from 
Jan. 1, 1977 through Dec. 31, 1978 were classified ac- 
cording to birth weight for gestational age into birth 
weight percentile categories with use of data collected 
prospectively and stored as part of a computer-based 
perinatal data base.’ Gestational age was estimated from 
the Ballard modification of the Dubowitz examination,’ 
and birth weight percentile was determined from the 
Cleveland growth curve. Records of women delivering 
a small for gestational age (less than the tenth birth- 
weight percentile) infant (index small for gestational 
age birth) were reviewed. Mothers of an index small 
for gestational age birth with at least one additional 
livebirth recorded at that institution from Jan. 1, 1979 
through Dec. 31, 1984 were designated as the study 
sample. Derivation of this study sample is illustrated in 


Bigs I; 


The study sample was divided, as indicated in 
Fig. 2, into two groups according to whether the first 
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Table I. Number of infants after the index 
small for gestational age birth 


No. of deliveries | No. of patients 


I 174 

2 55 

3 9 

4 j 

5 l 

Total No. of 240 
infants 


recorded livebirth at the hospital after the index small 
for gestational age birth was small for gestational age 
(group I) or not small for gestational age (group II). 
All subsequent deliveries were similarly classified as 
_ small for gestational age or not small for gestational 
age. The risk for a recurrent small for gestational age 
birth after the index small for gestational age birth was 
calculated by determining the frequency of small for 
gestational age births in the first delivery after the index 
small for gestational age birth and dividing this by the 
total number in the study sample (group I divided by 
[group I + group II]). This value was then divided by 
the base rate for small for gestational age births ob- 
served in our general obstetric population to obtain an 
estimate of the relative risk. The risk for the birth of 
an infant weighing less than the twenty-fifth percentile 
was calculated in a similar fashion by determining the 
frequency of infants with birth weights less than the 
twenty-fifth percentile? after the index small for ges- 
tational age birth and dividing by the base rate for this 
occurrence in our general population. Risk of recur- 
rence after two consecutive small for gestational age 
infants was calculated according to the same base rate, 
as was the relative risk for the birth of a small for 
gestational age infant in women whose index small for 
gestational age birth was followed by the birth of an 
average for gestational age infant. 

For patients in the study sample, maternal and neo- 
natal records from the index small for gestational age 
birth and the next recorded livebirth were reviewed for 
14 historical risk factors, nine maternal factors, and five 
fetal-neonatal factors. These had been chosen a priori 
as potential risks for recurrence and measures of fetal- 
neonatal compromise based on previously reported as- 
sociations with an initial small for gestational age birth. 
Groups I and II were compared for the frequency of 
risk factors in the index small for gestational age birth 
and the next recorded livebirth to evaluate which, if 
any, risk factors in either pregnancy could be used to 
identify those mothers of small for gestational age 
infants who would again deliver a growth-retarded 
infant. 
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PATIENT SAMPLES 


Total # Livebirths 
1977-1978 





No Subsequent Study 
Deliveries Sample 


Fig. 1. Birth weight percentile for singleton, livebirths during 
1977 and 1978 and derivation of the study sample. SGA = 
Small for gestational age; AGA = average for gestational age; 
LGA = large for gestational age. 


Statistical analysis was by x’ for categoric variables 
and Student ¢ test for continuous variables. Since the 
hypotheses were directional, one-tailed p values were 
calculated. To control at least in part for multiple com- 
parisons, p < 0.01 was considered significant. 


Results 


Of the 5738 livebirths in 1977 and 1978, 594 (10.4%) 
were less than the tenth birth weight percentile, and 
1434 (25%) were less than the twenty-fifth percentile. 
As shown in Fig. 1, of the 594 women with an index 
small for gestational age birth, 194 were delivered of 
at least one additional infant at the same institution 
during the study period. The study group consisted of 
174 of these births for which complete perinatal records 
were available. As shown in Table I, the mothers in the 
study group were delivered of a total of 240 additional 
infants during the study period, with a range of one to 
five deliveries per patient. Comparison of maternal and 
infant characteristics showed that the study group was 
a highly representative subgroup of the 594 small for 
gestational age deliveries during 1977 and 1978 (Ta- 
ble II). 

The birth weight percentile categories of infants 
born to the study group after the index small for ges- 
tational age birth are shown in Fig. 2. Fig. 3 summar- 
izes the relative risk for the birth of an infant weighing 
less than the tenth and twenty-fifth percentile based 
on past obstetric history. Small for gestational age 
births recurred in 22.4% (39/174) (group I/group I + 
group II) of women in the study group after the index 
small for gestational age birth, resulting in a relative 
risk for the birth of a small for gestational age in- 
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Fig. 2. Birth weight percentile for the study sample in livebirths subsequent to the index small for 
gestational age birth, SGA = Small for gestational age. 
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Fig. 3. Relative risk for the birth of an infant less than the tenth and twenty-fifth birth weight 
percentile based on birth weight classification in previous pregnancies. SGA = Small for gestational 
age. 


fant of 2.2 times (22.4/10.4). This was significantly the twenty-fifth percentile (relative risk, 3.2 times). The 
higher than that for the general population (x? = 27.3, relative risk for a small for gestational age birth after 
p < 0.001). Among the study group mothers, 79% two small for gestational age births (4.4 times) was also 
(137/174) were delivered of infants weighing less than increased significantly over that for the general pop- 
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Table II. Comparison of maternal and infant characteristics between the study group and all mothers of 
small for gestational age infants during the index years 1977 through 1978 


Age Mean 
Range 
Gravidity Mean 
Range 
Parity Mean 
Range 
Dubowitz examination Mean 
Range 
Birth weight Mean 
Range 


All SGA Study group 
(n = 594) (n = 174) 
21.8 + 5.4 20.0 + 4.2 
13 — 45 13 — 40 
2.4 + 1.7 2.3 + 1.6 
1— 14 l- 14 
0.83 + 1.2 0.69 + 1.2 
0 — 10 0 -— 10 
38.8 + 2.4 38.8 + 2.6 
26 — 43 27 — 43 
2337 + 432 2358 + 422 
540 — 2863 680 — 2860 


Table ITI. Comparisons of maternal and infant characteristics between group I (mothers with recurrent 
small for gestational age births) and Group II (mothers without recurrent small for gestational age births) 


in the index SGA birth 


Group I Group IT 
(n = 39) (n = 135) p 
Maternal characteristics 
Age 21.2 + 4.6 19.7 + 4.1 NS 
Gravidity 2.60 23 ; NS 
Parity 0.6 0.7 
Gestational age at first antenatal visit 16.5 17.1 NS 
Prepregnancy weight 124 + 27 122 + 25 NS 
Pregnancy weight gain 22 + 13 21 + 13 NS 
Medical 
Hematocrit screening — 35.1 34.5 NS 
Hematocrit labor 34.4 34.1 NS 
Pulmonary disease 5% 1% NS 
Renal disease 2.4% 1.5% NS 
Blood pressure 
First antenatal visit 113/65 109/64 NS 
Maximum antepartum 121/70 120/69 NS 
Maximum intrapartum 136/80 130/80 NS 
Substance use/abuse 
Alcohol abuse 2.4% 1.5% NS 
Tobacco 76% 49% <0.001 
Drug abuse 7.3% 2.2% NS 
Obstetric 
Pregnancy-induced hypertension 
Mild 2.4% 1.0% NS 
Severe 2.4% 1.0% NS 
History of previous stillbirth 0% 2.0% NS 
Pediatric gestational age S87 BOF 38.9 + 2.5 NS 
Birth weight 2327 + 424 2376 + 418 NS 


ulation (x? = 14.5, p < 0.001). The increased risk for 
a small for gestational age birth when the index small 
for gestational age birth was followed by an average for 
gestational age birth was less than that after one or two 
small for gestational age births but remained higher 
than that for the general population (2.0 times). 
Comparisons between groups I and II for risks as- 
sociated with the index small for gestational age birth 
are shown in Table III, and those that occurred in the 
first subsequent pregnancy are seen in Table IV. Few 
factors differentiated those mothers in whom growth 


retardation recurred from those without this problem. 
However, there was a trend toward an increased fre- 
quency of medical complications and substance use and 
abuse in the index small for gestational age birth among 
mothers with recurrent small for gestational age births. 
Statistical significance was reached on individual vari- 
ables for tobacco only (p < 0.001). Similar trends were 
present in the first subsequent delivery, with mothers 
in group I showing significantly higher systolic blood 
pressures, a greater than sixfold increase in alcohol use, 
and a twofold increase in illicit drug use. 
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Table IV. Comparison of maternal and infant characteristics between group I (mothers with recurrent 
small for gestational age birth) and Group II (mothers without recurrent small for gestational age birth) 
in the first pregnancy subsequent ta the index small for gestational age birth 


Maternal characteristics 


Group I Group I 
(n = 39) (n = 135) P 


Age 24.9 + 4.7 22.5 + 4.3 NS 
Gravidity 3.8 30 NS 
Parity 1.6 1.5 NS 
Gestational age at first antenatal visit 16.1 17.1 NS 
Prepregnancy weight 130 + 36 126 + 27 NS 
Pregnancy weight gain 17.4 + 11.4 217 £ 11.7 NS 
Medical 
Hematocrit screening 35.0 34.8 NS 
Hematocrit labor 34.1 34.1 NS 
Pulmonary disease 5% 1% NS 
Renal disease 2.4% 1.5% NS 
Blood pressure 
First antenatal visit a 
Systolic 112 107 <0.01 
Diastolic 67 63 NS 
Maximum antepartum 
Systolic 122 115 <0.003 
Diastolic 69 67 NS 
Maximum intrapartum 
Systolic 129 125 NS 
Diastolic 78 77 NS 
Substance use/abuse 
Alcohol abuse 13% 2% NS 
‘Tobacco 56% l 49% NS 
Drug abuse 3% 1.5% NS 
Obstetric 
Preeclampsia 
Mild 0 1.5% NS 
Severe 0 0 NS 
History of previous stillbirth 3% 1% NS 
Pediatric gestational age 38.6 + 2.9 38.2 + 2.8 NS 
Birth weight 2308 + 480 2854 + 588 <0.001 


Five parameters of fetal-neonatal outcome (birth 
weight, fetal distress, need for intrapartum fetal scalp 
pH sampling, meconium, hypoglycemia, and polycy- 
themia) were compared between groups I and II in the 
index small for gestational age birth. Differences in 
mean birth weight did not reach statistical significance. 
Infants born to mothers with recurrent small for ges- 
tational age births (group I) had a fivefold increase 
(10% versus 2%) in the need for intrapartum fetal scalp 
pH sampling, a 3.8-fold increase (15% versus 4%) in 
the frequency of fetal distress, a 3.3-fold increase 
(5% versus 1.5%) in the frequency of neonatal hypo- 
glycemia, and a 1.5-fold increase (15% versus 10%) in 
the frequency of meconium. Po-_ycythemia was more 
frequent (9% versus 7.5%) amonz infants in group II. 
Analysis by goodness of fit x’ for nine maternal factors 
(screening hematocrit, pulmonary disease, renal dis- 
ease, screening blood pressure, alcohol use and abuse, 
tobacco use, drug abuse, preeclampsia, and a history 
of a previous stillbirth) and five fetal-neonatal factors 
(birth weight, fetal distress, polycythemia, hypoglyce- 


mia, and meconium) in the index small for gestational 
age birth hypothesized a priori to be associated with 
recurrence and revealed that 12 of 14 differences were 
in the expected direction, that is, the risks and adverse 
outcomes were associated with recurrent small for ges- 
tational age births (x? = 7.14, p < 0.01). In the first 
subsequent pregnancy, two of nine maternal differ- 
ences were in the expected direction (x° = 4.45, 
p < 0.04). Fetal and neonatal characteristics were not 
compared in this pregnancy since the two groups had 
different birth weight classification (small for gesta- 
tional age versus average for gestational age). 

Based on the number of livebirths at the institution 
from 1979 through 1984 and the women in our study, 
we estimate that mothers of small for gestational age 
infants accounted for a minimum of 4% of the small 
for gestational age births in this population. 


comment 


Our finding of a twofold and fourfold increase in 
small for gestational age birth after one and two pre- 
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vious small for gestational age infants(s), respectively, 
confirms the assertion that a history of a previous small 
for gestational age birth is an important risk for intra- 
uterine growth retardation.® Given a history of a pre- 
vious small for gestational age birth, individual peri- 
natal risks and outcomes do not appear to enhance the 
predictability of recurrence. When considered as a 
group, however, our results suggest an association 
among underlying maternal disease, more severe peri- 
natal compromise, and recurrent small for gestational 
age birth. 

The present study has several strengths, includ- 
ing a homogeneous, single-center population, with the 
growth curve used derived from previously delivered 
infants from the same institution. It is also among the 
first large studies that addressed the use of multiple 
maternal and fetal-neonatal characteristics for the iden- 
tification of the risk of small for gestational age recur- 
rence. However, since our study did not include ma- 
ternal heights, our ability to estimate the relative con- 
tribution of constitutional and environmental factors 
to birth weight percentile was limited. 

Previous authors have examined risk factors associ- 
ated with recurrence. Tejani* reported a recurrence 
rate of 28% in 28 mothers of small for gestational age 
infants followed through an additional 32 deliveries. 
She concluded that the likelihood of recurrence is 
higher in women with severe pregnancy-induced hy- 
pertension, chronic hypertension, or drug abuse. Visser 
etal.” confirmed this finding in patients with recurrent, 
early (<34 weeks) intrauterine growth retardation. Nei- 
ther Visser et al. nor Tejani, however, performed sta- 
tistical evaluation of their results, and selection bias may 
have been present. Nonetheless, the current results are 
in general agreement with their findings of a trend 
toward increased medical complications among moth- 
ers with recurrent small for gestational age births. 

In their study of more than 1000 small for gestational 
age pregnancies, Patterson et al.° confirmed that a syn- 
ergistic effect between hypertension and a history of a 
previous small for gestational age infant increased the 
risk of recurrent growth retardation. Our data, which 
examined additional medical complications, including 
renal disease, pulmonary disease, and alcohol use and 
abuse, are in agreement with their findings. Similar 
birth weight and gestational age in groups I and II in 
this study are not consistent with the conclusion of Pat- 
terson et al. that recurrence is related to the severity 
of intrauterine growth retardation, at least as reflected 
in birth weight percentile. Nonetheless, our data on 
additonal fetal-neonatal parameters lend support to the 
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supposition that the risk for recurrent intrauterine 
growth retardation may be related to the severity of 
the underlying problem. 

The large number of infants in this study whose birth 
weights were less than the twenty-fifth percentile after 
a small for gestational age birth suggests that fetal 
growth, although not meeting the criterion for a small 
for gestational age birth, continues to be suboptimal. 

In conclusion, a history of a small for gestational age 
birth is a major risk for growth retardation. This study 
confirms a substantial recurrence rate and further es- 
timates that a minimum of 4% of small for gestational 
age births are attributable to recurrence. Although it 
appears that growth retardation recurs more fre- 
quently among mothers with medical complications, all 
women with a history of a small for gestational age birth 
should be considered at increased risk in subsequent 
pregnancies. In addition, the presence of recurrent 
small for gestational age births should alert the clinician 
to the possibility of persistent underlying abnormalities 
such as renovascular disease and substance use and 
abuse that might not be apparent in the current preg- 
nancy. Because preceding small for gestational age and 
preterm low birth weight pregnancies have different 
risks in the perinatal period, obstetric history and an- 
tenatal risk scoring should include not only birth weight 
but also gestational age and birth weight percentile. 
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Successful fetal therapy for cystic adenomatoid malformation 
associated with second-trimester hydrops 


Steven L. Clark, M.D., Dennis J. Vitale, M.D., Stephen D. Minton, M.D., 


Ronald A. Stoddard, M.D., and Patty L. Sabey, R.N. 
Provo, Utah 


Fetal hydrops secondary to cystic adenomatoid malformation was detected in a second-trimester fetus. 
in utero thoracoamniotic shunt placement resulted in resolution of the hydrops. At term, there was no 
evidence of pulmonary hypoplasia. (AM J Ogstet Gynecol 1987;157:294-5.) 


Key words: Cystic adenomatoid formation, second trimester hydrops, fetal therapy 


Cystic adenomatoid malformation is an uncommon 
congenital pulmonary anomaly that may result in fetal 
hydrops, pulmonary hypoplasia, and fetal or neonatal 
death.''* When associated with early fetal hydrops, this 
condition has been considered to be uniformly fatal.’ 
We present here the first reported case of successful 
in-utero treatment of cystic adenomatoid malformation 
associated with massive second trimester hydrops. 


Case report 


A 36-year-old woman, gravida 6, para 2, abor- 
tions 3, underwent ultrasonic examination to document 
gestational age, revealing a single viable fetus and bio- 
metric parameters consistent with 20 weeks’ gestation. 
Real-time ultrasonographic examination revealed that 
the fetal thoracic cavity was occupied by a single cystic 
lesion measuring 10 by 6 by 6 cm (Fig. 1). The fetus 
was also noted to be grossly hydropic with massive as- 
cites and edema of the scalp. Detailed fetal anatomic 
survey revealed no evidence of additional anatomic 
malformation. The thoracic lesion was felt to represent 
cystic adenomatoid malformation versus a remnant cyst 
of neurogenic or enteric origin. After approval by a 
multidisciplinary review panel, informed consent was 
obtained, and the fetus underwent simple transthoracic 
aspiration of the cyst and genetic amniocentesis. The 
cyst was completely emptied and when decompressed 
alowed documentation of normal intrathoracic and 
cardiac anatomy. Chemical analysis of the aspirated 
fluid revealed it to be serous. 

After 48 hours the cyst was noted to be reexpanding, 
its dimensions measuring 6 by 8 by 6 cm, and intra- 
thoracic shunting was performed. A 13 cm section of 
Fr. 6.5 polyethylene tubing was fashioned in a “double 
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pigtail” pattern. The catheter was introduced over a 
21 cm 18-gauge pencil-tip needle/stylette combination 
under local anesthetic, under direct and continuous 
ultrasound observation (General Electric RT 3000 real- 
time unit, 5 mHz linear transducer) into the posterior 
subscapular region of the right fetal chest and into the 
cyst. The needle was then withdrawn leaving the prox- 
imal coiled end extrathoracically within the amniotic 
cavity. Prompt and complete drainage of the cyst was 
observed. The fetus tolerated this procedure well. 
Throughout the next 17 weeks of gestation, the patient 
underwent weekly ultrasonography. Within 3 weeks of 
shunt placement evidence of ascites, pleural and peri- 
cardial effusions, and edema of the scalp had com- 
pletely resolved, and fetal activity was noted to increase. 
At 37 weeks’ gestation the patient underwent amnio- 
centesis for documentation of fetal pulmonary maturity 
and primary cesarean section. A living female with 
Apgar scores of 8 and 9 and a weight of 2680 gm was 
delivered. The infant cried vigorously immediately af- 
ter delivery, had normal blood gas values, and required 
neither ventilatory support nor supplemental oxygen- 
ation. At the time of delivery the extrathoracic portion 
of the shunt lumen appeared to be occluded with ver- 
nix; however, fluid was noted to be leaking from the 
fetal thoracic cavity around the shunt. The infant was 
taken to the operating room the same day (Fig. 2). A 
thoracotomy was performed and the distal end of the 
tube was found to lie within a cystic cavity contained 
within the right middle pulmonary lobe. The cathe- 
ter was removed under direct surgical visualization, 
and the infant underwent resection of the right mid- 
dle lobe. Both right upper and lower lobes were 
normal in size and consistency. They inflated readily 
intraoperatively and showed no clinical evidence of 
hypoplasia. Subsequent pathologic examination con- 
firmed the diagnosis of macrocystic adenomatoid mal- 
formation. After surgery the infant did very well 
and remained on room air. At the time of this re- 
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Fig. 1. Cystic adenomatoid malformation. Normal intratho- 
racic structures are replaced by large, unilocular cyst. 


port (age 14 months) the infant is showing normal 
growth and development without evidence of residual 
disease. 


Comment 


Fetal breathing and fluid exchange appear to be es- 
sential to normal pulmonary development; second 
trimester oligohydramnios may produce pulmonary 
hypoplasia at birth, regardless of cause.” Previous lit- 
erature suggests that early cystic adenomatoid malfor- 
mation associated with hydrops also results in insuffi- 
cient pulmonary development to support life after birth 
and is uniformly fatal.' However, we have demon- 
strated that even with massive hydrops and extreme 
compression of pulmonary structures before 20 weeks’ 
gestation, aggressive fetal surgical intervention may re- 
sult in drainage of the cyst and resolution of the hy- 
drops and allow normal pulmonary development. In 
addition to cystic adenomatoid malformation, condi- 
tions to be considered in the differential diagnosis of 
antenatally diagnosed fetal thoracic cystic masses in- 
clude pulmonary sequestration, bronchiogenic and en- 
teric cysts, and diaphragmatic hernia. Although cystic 
adenomatoid malformation may result in fetal or neo- 
natal death, it is only rarely associated with other con- 
genital anomalies. Associated fetal hydrops is felt to be 


Fig. 2. At birth, shunt position is demonstrated. 


the result of venacaval obstruction and cardiac com- 
pression from the extreme mediastinal shift caused by 
these lesions. Although it has been suggested that loss 
of protein from the lesion into the amniotic fluid may 
contribute to such hydrops, this did not appear to be 
the case in our patient because the fluid aspirated from 
the cyst was aproteinaceous. | 

When cystic adenomatoid malformation is diagnosed 
antenatally, a team approach is imperative, involving a 
perinatologist who is skilled in real-time ultrasonog- 
raphy and direct ultrasound-guided intrauterine ma- 
nipulation, as well as a neonatologist and pediatric sur- 
geon. There can be no question that such an aggressive 
multidisciplinary approach to an anomalous fetus who 
classically would have been a candidate only for abor- 
tion resulted, in this case, in a normal, healthy infant. 
This procedure may be added to the slowly growing 
list of fetal surgical procedures that may now be per- 
formed on our patient, the fetus. 
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Labial agglutination secondary to a herpes simplex II infection 


Bryan J. DeMarco, M.D., R. Scott Crandall, M.D., and Myroslaw M. Hreshchyshyn, M.D. 


Buffalo, New York 


A case is described of a young woman with labial agglutination secondary to a herpes simplex Il infection 
that was successfully treated with laser vaporization. (AM J OBSTET GYNECOL 1987;157:296-7.) 


Key words: Labial agglutination, herpes simplex II infection, laser vaporization 


This report presents a case of labial agglutination. It 
is of interest because it is the first such case to be re- 
ported as a complication of a herpes simplex II 
infection. 


Case report 


A 35-year-old white nulligravid woman with normal 
monthly menses presented with occlusion of the intro- 
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Fig. 1. Before laser therapy. 
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itus. She reported an outbreak of severe genital herpes 
simplex II infection 2⁄2 years previously, which was 
confirmed by a viral culture. She described suffering 
from a high fever, arthralgias, and myalgias that were 
treated with oral analgesics during this attack. Shortly 
after this episode she noticed occlusion of the introitus, 
being unable to have intercourse or insert a tampon. 

Examination of the external genitalia revealed ag- 
glutination of the labia minora in the midline with mul- 
tiple small fenestrations present (Fig. 1). Anteriorly, the 
urethral meatus was visible. A single digit was inserted 
posteriorly to reveal a normal cervix and uterus. 

The patient was treated surgically on an ambulatory 
basis with laser therapy. The adhesion band was va- 
porized with a Sharplan 1100 laser at a power density 


a. 


> 


Fig. 2. After laser therapy. 
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of 469 W/cm? while she was under local anesthesia. Two 
wooden tongue depressors were placed behind the 
fused labia to protect the urethra and the adjacent vag- 
inal mucosa. The labia were separated without diffi- 
culty with complete hemostasis. A gauze coated with 
petroleum jelly was then placed in the vaginal outlet to 
prevent adhesion reformation. Postoperative follow-up 
at 2, 6, and 8 weeks revealed no reformation of adhe- 
sions and a normal-appearing introitus (Fig. 2). The 
patient denied any further difficulty with intercourse. 


Comment 


Genital herpes has been known to predispose to 
many complications. There have been reported cases 
of urethral stricture, genital edema, and lymphatic sup- 
puration. This is the first known, reported case of labial 


Labial agglutination with herpes simplex II 


agglutination as a complication of genital herpes sim- 
plex II infection. Labial fusion has been previously re- 
ported in premenstrual girls and postmenopausal 
women, These are usually secondary to trauma, bac- 
terial infections, or estrogen deficiency. The treatment 
of labial agglutination has been primarily estrogen ad- 
ministration for a 3- to 4-week period. This patient was 
treated successfully by laser vaporization while under 
local anesthesia. 
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Barriers to receiving adequate prenatal care 


Marilyn L. Poland, Ph.D., R.N., Joel W. Ager, Ph.D., and Jane M. Olson, B.A. 


Detroit, Michigan 


One hundred eleven postpartum patients who received varying amounts of prenatal care (no care, 
inadequate care, intermediate care, and adequate care) were assessed for demographic; medicai, and 
sociocultural factors by interview and review of the medical chart. Six sociocultural factors identified by 
stepwise multiple regression contributed to 49% of the variance for amount of prenatal care: amount of 
insurance, attitudes toward health professionals, delays in suspecting pregnancy, delay in telling others 
about the pregnancy, perception of the importance of prenata! care, and initial attitudes about being 
pregnant. Results are discussed in terms of developing outreach programs altered to the patient’s needs 


and life-styles. (Am J OBsTeT GYNECOL 1987;157:297-303.) 


Key words: Prenatal care, barriers, outreach 


Most (78%) women in this country begin prenatal 
care in the first trimester of pregnancy. However, 5% 
enter care in the third trimester or not at all." The 
importance of receiving adequate prenatal care was 
highlighted recently by the U.S. Surgeon General, who 
set a national goal for at least 90% of pregnant women 
in each racial and ethnic group to begin prenatal care 
in the first trimester by 1990.’ 

Studies of natality statistics indicate that mothers who 
are single, black, under 18 years of age, and poor are 
most likely to receive little or no prenatal care.’ Atti- 
tudinal surveys of women who receive inadequate pre- 
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natal care report that negative attitudes toward being 
pregnant, low perceived value of prenatal care, and 
structural barriers such as lack of insurance, transpor- 
tation, and babysitters discourage prenatal visits.** Few 
studies examine the relative effects of demographic, 
medical, and attitudinal factors on amount of prenatal 
care received. 

The following study was undertaken (1) to determine 
the relative effects of sociodemographic, medical, at- 
titudinal, cultural, and structural variables on prenatal 
care seeking in low income, primarily black women who 
receive varying amounts of prenatal care and (2) to 
identify specific areas within the health care domain 
that might be altered to encourage women to receive 
adequate care. 


Material and methods 


Sample. A sample of 111 women who were likely to 
have received varying amounts of prenatal care and 
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Table I. List of variables 
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Background 
variables 








Age Mo. gestation prenatal care 
began 
Race No. and sources of prena- 


Marital status 


Parity 


tal care 
No. of prenatal visits 


Risk status (antenatal score) 
Length of gestation 


Medical variables 52 Sociocultural variables 


Mo. gestation mother sus- 
pected pregnancy 
Early signs of pregnancy 


Major source of transporta- 

‘ tion to prenatal care 

Other structural barriers to 
prenatal care 

Time delay in telling others 
about pregnancy 

Initial attitude toward 
pregnancy 

Amount of insurance 


Importarice of prenatal 
care 

Attitude toward health 
professionals 






Content analysis 


Time delay (mos): suspected pregnancy 
to telling second person 

(1) Negative (wanted abortion), 
(2) mixed, (3) positive 

(1) No insurance, (2) on/off insurance, 
(3) insurance over entire pregnancy 

(1) Not important, (2) somewhat 
important (3) very important 

(1) Negative (fear, hate, bad experi- 
ences), (2) mixed, (3) positive 








who delivered at Hutzel Hospital in Detroit were stud- 
ied | to 5 days postpartum. The women were all English 
speaking, had been delivered of viable infants, and 
agreed voluntarily to participate. The research protocol 
was approved by the Institutional Review Board. The 
sample consisted of women who were listed as “walk- 
ins” (did not have a physician associated with the hos- 
pital) and those who recéived prenatal care in the hos- 
pital’s antenatal clinic. The sample was collected over 
an 18-month period, and we attempted to interview the 
same number of walk-ins and clinic patients in any 
given week. 

Data collection and scoring. Data collection con- 
sisted of a structured interview with open-ended and 
fixed-choice questions and review of the mother’s med- 
ical chart. The interview explored experiences, atti- 
tudes, beliefs, values; and health-seeking behaviors 
from the time the woman thought she might be preg- 
nant through délivery. The subject’s early recollections 
of her pregnancy included how (symptoms) and when 
she first knew she was pregnant, how she felt about the 
pregnancy, who she told and when, and descriptions 
of the reactions and advice she received. Prenatal care- 
seeking activities included a list of all providers, times 
of initial visits, locations, reasons for visits, total number 
of visits, cost, problems obtaining care, and an assess- 
ment of value and benefit. Subjects were also asked to 
list important items physicians could do for them, the 
importance of seeing a doctor, how they obtained in- 
formation about pregnancy, and describe experiences 
with labor and delivery. 

Responses to open-ended questions were recorded 
in the subject’s own words and then analyzed by content 
analysis and converted into ordinal scales. Content 
analysis consists of the placement of items, responses, 


or behaviors into predefiried categories.” For example, 
amount of insurance was coded as “no insurance” if 
the subject had no insurance over the pregnancy pe- 
riod, “part insurance” if she had insurance over part 
of the pregnancy, and “total insurance” if she was cov- 
ered throughout pregnancy. A scale from | to 3 rep- 
resented these catégories. Reliability of these scales was 
assessed by comparing scores of two coders who scored 
responses independently. Scaled responses with agree- 
ment less than 0.90 by rank order correlation were 
deleted from the analysis. Table I lists the major vari- 
ables analyzed and organized into three categories: 
background variables, medical variables, and sociocul- 
tural variables. Variables derived by content analysis are 
also shown. | , 

Medical chart review included obtaining sociode- 
mographic information and selected maternal and an- 
tenatal conditions that were reliably assessed for each 
patient. These conditions included maternal age 
greater than 35-years or less thari 16 years, parity 
greater than 5, diabetes mellitus, hypertension, heart 
disease, hematocrit less than 27% at delivery, drug 
abuse, gestation greater than 42 weeks, sexually trans- 
mitted disease, and isoirnmunization. Items were given 
unit weights and totaled to yield a risk score. | 

Statistical analysis. The basic ahalytic problem was 
the identification of factors (variables) that distinguish 
among women receiving varying amounts of prenatal 
care. Amount of prenatal care was determined by the 
month of gestation that care began, number of ap- 
pointments, and length of gestation. Kessner et al.” 
proposed a formula that accounts for these factors us- 
ing the standards of the American College of Obste- 
tricians and Gynecologists for number óf prenatal care 
visits and yielded three levels of care: adequate, in- 
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Table II. Differences among groups on background and medical variables (analysis of variance) 








Comparison 





Age 24.5 
Race—black (%) 84.6 
Marital status—married (%) 25.0 
Parity l-2 
Antenatal risk score 0.54 
No. of prenatal providers 1.5] 


termediate, and inadequate care. We modified this 
procedure to give us four levels of prenatal care: ad- 
equate (n = 35), intermediate (n = 35), inadequate 
(n = 19), and no care (n = 22). For example, a woman 
who registered in the first trimester, kept 7 monthly 
appointments, and delivered at 32 weeks received ad- 
equate prenatal care; a woman who registered in the 
sixth month, kept 7 appointments, and delivered at 
term received an intermediate amount of care. Women 
who had a prgnancy test only were placed in the no 
care group. For analyses requiring dichotomized 
groups, amount of prenatal care was categorized into 
appropriate care (adequate/intermediate) and poor 
care (inadequate/no care) groups. 

The analysis was conducted in several steps. First, 
frequency distributions and descriptive statistics in- 
cluding intercorrelations were obtained for all variables 
within each care group. Second, variables were com- 
pared across the four care groups by one-way analysis 
of variance, intercorrelation, and x° analyses. Variables 
for which complete data were available and for which 
there was a pattern of differences across the four 
groups were retained for further analysis. Third, the 
selected independent (predictor) variables, and the 
background and medical variables of age, parity, and 
total risk score, were entered into a stepwise multiple 
regression analysis to identify variables predictive of 
women who received varying amounts of prenatal care. 
In this analysis, we considered the four care groups to 
be equally spaced on the continuum of prenatal care. 

Fourth, we entered the significant predictor variables 
identified by multiple regression into a stepwise, linear 
discriminant, function analysis using the dichotomized 
care groups (appropriate versus poor) as the dependent 
variable. In addition to identifying the significant dis- 
criminating predictors, this analysis also allowed us to 
determine how well these patients could be classified 
into the two groups on the basis of the significant pre- 
dictor variables. 

Fifth, using the set of significant predictors from the 
linear discriminant, function analysis, evaluation of risk 
of receiving poor care as a function of the number of 


Intermediate 


(n = 35) 


Groups 






Inadequate 
(n = 19) = 





21.5 24.5 25.2 NS 
88.2 88.6 | 87.2 NS 
22:3 23.4 29.3 NS 
1.0 2.) 1.7 0.05 
0.35 0.90 0.86 0.05 
1.22 1.25 0 NS 


“risk” factors for the woman was obtained by means of 
a logistic regression analysis. For this analysis, we di- 
chotomized the predictor variables into “at risk” versus 
“no risk” categories. The “at risk” categories for each 
variable were: (1) insurance (scores 2 and 3), (2) month 
gestation pregnancy was suspected (2 or more months), 
(3) attitudes toward health professionals (scores 2 
and 3), (4) initial attitude toward pregnancy (scores 2 
and 3), (5) time delay in telling others (1 or more 
months), (6) perceived importance of prenatal care 
(scores 2 and 3). 


Results 


Comparisons among the four care groups on selected 
variables were made by one-way analysis of variance. 
Results for background and medical variables are 
shown in Table II. 

Background and medical variables. There were no 
significant differences in race, age, number of prenatal 
providers, and marital status, although the trend was 
that those receiving better care were more apt to be 
married. All 21 adolescents less than 19 years of age 
received some prenatal care, although 15 registered in 
the second trimester. Almost 40% (35/89) of women 
who received any prenatal care went to more than one 
provider. Most (64%) prenatal care was provided by an 
obstetrician or family physician in a clinic or private 
office. However, 36% of the women made between one 
and 16 visits to emergency walk-in centers located 
throughout Detroit. These centers were popular be- 
cause they were convenient (most women walked to 
them), no appointment was necessary (some women 
had no phone), and they were inexpensive (most took 
Medicaid or they charged an average $10/visit). On the 
negative side, the physicians were felt to be less com- 
petent, they provided no pregnancy literature, and no 
return appointments were given. 

There were significant differences among groups for 
parity with better care received by those with lower 
parity. This corroborated statements made by many 
women across groups that prenatal care was most im- 
portant for a first pregnancy, whereas women who had 
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Table II. Differences among groups on sociocultural variables (analysis of variance) 








Comparison 


Amount of insurance 

Mo. pregnancy suspected 

Initial attitude toward pregnancy 
Delay telling others (No. of mo) 
Importance of care 

Attitude toward health professionals 
Major source of transportation 


ON Se 
MwA ET~A 


Car (%) 50.0 
Cab (%) 11.0 
Bus (%) 24.7 
Walked (%) 14.3 


Adequate 
(n = 35) 


Intermediate 
(n = 35) 





Inadequate 
(n = 19) 


No care 
(n = 22) 


2.7 2.3 1.5 0.001 
1.9 2.2 2.3 NS 
2 2.4 2.0 0.01 
0.7 1.6 1.2 0.01 
29 2.4 2.6 0.01 
2.4 2.0 1.7 0.01 
34.5 21.9 — 
7.3 9.3 — 
41.8 31.3 — NS 
16.4 37.5 — 


*Contrast between two higher groups versus two lower groups was significant: £ = 2.47, degrees of freedom = 109, p < 0.05. 


Table IV. Stepwise, linear, multiple regression 
of variables with amount of prenatal care 


(n = 110) 
Multiple F to 
Variables* R remove 

Insurance 0.43 0.19 22.11 

Attitude toward 0.57 0.32 8.75 
health professionals 

Initial attitude toward 0.61 0.37 12.75 
pregnancy 

Mo pregnancy sus- 0.66 0.43 12.67 
pected 

Importance of prena- 0.69 0.48 7.82 
tal care 

Delay in telling others 0.70 0.49 4.03 
of pregnancy 


*Variables are listed in order of entry. ‘The variables of age, 
parity, maternal risk, and substance abuse failed to attain sig- 
nificance. 


a baby felt that they already knew how to take care of 
themselves and needed less care. There were also sig- 
nificant differences among groups in the antenatal risk 
score. Women in the inadequate and no care groups 
had higher risk scores; the differences were primarily 
because of one factor—use of illicit drugs. Almost 31% 
(13/42) of women in the poor care group abused drugs, 
primarily heroin, compared with 7% of women in the 
adequate care group. 

Sociocultural variables. Differences among the four 
groups on six sociocultural variables and the principal 
means of transportation for the three groups receiving 
care are seen in Table III. Of these seven variables, five 
showed significant differences in the expected direc- 
tions among the groups. In all five instances, the major 
differences were between the higher two (appropriate 
care) and lower two (poor care) groups. The sixth vari- 
able, month of gestation the woman suspected she 
might be pregnant, was significant when the four 


groups were dichotomized into appropriate versus 
poor groups. 


The largest difference among the groups was 
amount of insurance; the no care group had much less 
insurance than the other three groups. All but three 
women in the sample who had insurance had Medicaid; 
12 had no insurance. Interestingly, only three of these 
12 patients had sought Medicaid insurance, and two 
were told they were ineligible. The others were Med- 
icaid eligible but did not pursue insurance for a variety 
of reasons, primarily related to lack of motivation and 
the difficulties of applying. 

Although there were no significant differences 
among the three groups who received prenatal care on 
the major source of transportation used, there was a 
linear trend, with women receiving the most care who 
used the most expensive modes of transportation such 
as a car or a taxi, whereas women who received less 
care were more likely to use public transportation or 
walk. All women who used public transportation com- 
plained about unreliable bus schedules, poor weather, 
and dangerous conditions. There were also no differ- 
ences among groups for early signs of pregnancy or 
problems seeking care such as need for a babysitter, 
long wait to see a doctor, or seeing different doctors. 
Most women across groups complained about these 
problems. 

Table IV lists the six significant predictors from the 
multiple regression analysis in order of entry. Amount 
of insurance was the best predictor of amount of pre-. 
natal care as evaluated by the F to remove, followed by 
initial attitude toward pregnancy and the month in 
which the pregnancy was suspected. Attitudes toward 
health professionals and importance of prenatal care 
were also strong predictors. One other variable, time 
delay in telling others about the pregnancy, was also 
marginally significant. The multiple correlation for the 
six predictors was 0.70, accounting for about one half 
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Table V. Discriminant function analysis with two prenatal care groups as criterion (poor care versus 


appropriate care) (n = 110)* 





No. cases predicted 


Correct 
No. of cases observed 
Poor care 83 33 7 40 
Appropriate care 84 ll 59 _70 
Totals 84 44 66 110 


*These are jackknifed values. 


Table VI. Logistic regression analysis predicting probability of receiving poor care as a function of “risk” 
score (n = 110) 


No. of cases in 
poor care 


group 


No. of cases in 
adequate care 











Risk score 





6 l 0 
5 5 0 
4 7 2 
3 17 17° 
2 7 20 
l 3 23 
0 0 -8 
Total 40 70 


of the variance of amount of care. We note that the six 
predictors were relatively uncorrelated, with the high- 
est correlation of —0.26 between attitudes toward 
health professionals and month that pregnancy was sus- 
pected. 

Table V shows the jackknifed classification results 
from the linear discriminant, function analysis based 
on the six significant predictors. The overall percentage 
of correct classification was 84%. Sensitivity was 83%, 
with 33 of 44 poor care patients correctly identified. 
Specificity was similar (84%), with 59 of 70 of the ap- 
propriate care group correctly classified. The false- 
positive and false-negative rates were 11% (seven of 66) 
and 25% (11 of 44), respectively. 

As a final analysis, we evaluated the prediction of 
poor care from an “at risk” score derived from the six 
predictor variables as previously described. The com- 
posite score for “risk” of receiving poor care ranged 
from 0 to 6. Table VI shows the probability or receiving 
poor care as a function of amount of “risk.” The pre- 
dicted probabilities from the model ranged from 0.98 
for a risk score of 6 down to 0.03 for a risk score of 0. 


Comment 


The purpose of this study was to examine the relative 
effects of demographic, medical, and sociocultural fac- 
tors on amount of prenatal care received. The key find- 
ing is that six sociocultural factors that were consistently 











Observed proportion 
recetuing poor care 


Predicted proportion 
recewing poor care 





1.00 0.98 
1.00 0.93 
0.78 0.79 
0.50 0.53 
0.26 0.25 
0.12 0.09 
0.00 0.03 


related to amount of prenatal care were identifed: 


amount of insurance, attitude toward health profes- 
sionals, delay in suspecting pregnancy, delay in telling 
others about the pregnancy, perception of the impor- 
tance of prenatal care, and initial attitudes about the 
pregnancy, which together predicted about one half of 
the variance for amount of prenatal care. 

Before further discussion of the results, three caveats 
must be made. The most important concerns the issue 
of causality in a correlational design. We do not claim 
that the six variables found to predict level of care are 
necessarily causative. Although lack of insurance might 
certainly be a reason for not seeking care, it might also 
reflect a more pervasive attitudinal problem concerning 
the care for oneself. Similar comments can be made 
about variables of perceived importance of prenatal 
care and attitudes toward health professionals. The 
question of the causal status of the predictors is, of 
course, critical for both gaining a better understanding 
of care-seeking behaviors and designing interventions 
and policies that will improve the amount of care sought 
and received. To explore possible causal models in- 
volving these variables, we intend to conduct path anal- 
yses on a larger and more heterogeneous sample cur- 
rently being collected. 

A second caveat concerns the retrospective nature of 
the data collection. The nature of the sample, partic- 
ularly the target walk-in group, imposes this constraint. 
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Women who receive no prenatal care are unavailable 
for study in an antenatal clinic. 

The third caveat concerns the generalizability of the 
results. The present sample represented a fairly ho- 
mogenous group of women who were generally poor, 
primarily black, and for the most part lived in inner 
city Detroit. 

Despite these caveats, our findings indicate similar- 
ities and differences between women receiving appro- 
priate amounts of prenatal care and those receiving 
poor care. They were similar in age, race, marital status, 
number of prenatal providers they used, major sources 
of transportation to prenatal care, their need for ba- 
bysitters, and problems with providers, such as long 
waiting times and seeing different physicians. The fact 
that we found no differences in race or marital status 
could be from the homogeneity of the sample. Al- 
though there were no significant differences in age, 
women receiving intermediate amounts of care were 
slightly younger than the other three groups. This was 
in large part, due to adolescents who delayed telling 
their parents they were pregnant and who subsequently 
entered care in the second trimester. The similarities 
in the number of prenatal providers among the groups 
who received care reflected the growing popularity of 
emergency walk-in centers as a source of prenatal care 
for this population. Although most women who used 
them subsequently transferred to other providers, 
some received all their prenatal care there. One hy- 
pertensive mother of six kept her appointments at a 
perinatal center when she felt well but visited the emer- 
gency walk-in center when she did not feel well enough 
to take the bus and wait for long periods to see the 
perinatologist. The fact that there were no differences 
in complaints about public transportation, waiting 
times, and seeing different doctors indicates that this 
is a common problem across groups. It may. be that 
women who have little motivation to seek prenatal care 
would view any problem, such as transportation, as a 
major barrier. 

There were, however, significant differences among 
groups. Six factors reflecting a broad array of social 
supports and personal attitudes predicted about one 
half of the variance in amount of prenatal care received. 

Social support. The two care groups differed sig- 
. nificantly in the tangible assistance and emotional sup- 
port they received during pregnancy. For example, 
women who received poor care had less insurance 
partly because they perceived great difficulty in regis- 
tering for Medicaid. This included confusion over the 
long forms they were required to read and fill out and 
negative attitudes from social service workers who ad- 
vised them about public assistance. The isolation they 
felt from social service workers extended to health care 
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professionals, who were perceived by many women as 
frightening, hostile, and uncommunicative. Some 
women who were initially undecided about their preg- 
nancy delayed seeking care until the second or third 
trimester only to encounter professionals who chastised 
them for registering late. The lack of emotional support 
and assistance was also apparent in their families and 
friends. Women in the poor care group delayed telling 
others about their pregnancy because they anticipated 
a negative response or they felt they had no one to tell 
who would be interested. They were more often with- 
out a telephone and had fewer people available who 
would help them with tangible factors such as trans- 
portation to prenatal care. 

Wamen who received appropriate amounts of pre- 
natal care found friends, family, and professionals who 
were supportive. These women were more often trans- 
ported to prenatal care by a friend or member of their 
family, and they received continuous advice and emo- 
tional support throughout their pregnancies. 

Personal attitudes. Women who received little or no 
prenatal care had more negative attitudes about being 
pregnant (many initially wanted an abortion), the im- 
portance of prenatal care, and health professionals. 
They saw a physician intermittently to be “checked” or 
when they did not feel well. Others felt they already 
knew how to care for themselves from a previous preg- 
nancy. Some believed that as long as the fetus moved, 
they felt alright, and they took vitamins, routine pre- 
natal care was unnecessary. Many had had bad expe- 
riences with physicians and nurses with a previous preg- 
nancy or felt that prenatal care was boring. 

The appropriate care group had more positive atti- 
tudes about their pregnancies, and they felt that pre- 
natal care was important to ensure a healthy baby and 
mother. Although some complained about discour- 
teous service, discontinuity of care, and long waiting 
times, they thought that the physicians were generally 
competent and concerned about their welfare. Al- 
though some encountered problems receiving prenatal 
care, they found ways to overcome them or discounted 
them as inconveniences that poor persons should 
expect. 

These findings have important clinical implications. 
Our system of prenatal care is based on the premise 
that it is an important service designed to monitor and 
manage the progress of pregnancy and that all preg- 
nant women will seek prenatal care as their maternal 
responsibility as long as it is available. However, al- 
though prenatal care services for the poor may be avail- 
able, they may be relatively inaccessible to them because 
of a Jack of support, reliance on public transportation 
systems, location of clinics for the poor, differences in 
values and attitudes about prenatal care among some 
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poor women, problems associated with reading and un- 
derstanding information, fear of doctors, discontinuity 
of care, and discourteous service. 

There are two possible approaches to improve access: 
change the attitudes and values of women who do not 
seek adequate care or alter the provision of prenatal 
services. The latter approach is probably more feasible, 
since we know. more about altering health services and 
less about how to change attitudes. In addition, by 
changing service delivery to meet the identified needs 
of patients, our understanding of their social environ- 
ment and lifé-styles, along with concern for their 
health, is communicated to them. This process may be 
our most effective way of altering their attitudes toward 
seeking prenatal care. 

Toward this goal, the following steps are proposed. 
First, experiences and attitudes of pregnant women 
receiving varying amounts of prenatal care should be 
assessed locally. This could be done as individual in- 
terviews or as focus group discussions. Second, the in- 
formation derived froin the women should be used (1) 
to identify structural barriers within the health delivery 
system that can be altered, (2) to identify factors that 
reflect personal barriers or “social risk” for not receiv: 
ing prenatal care, and (3) to develop population-specific 
outréach efforts for “at risk” women. 

THis marketing approach to providing prenatal care 
services to the poor could assume a variety of different 
forms. For example, in Detroit efforts are underway to 
reach women who are “at risk” for not receiving ade- 
quate prenatal care through a 24-hour telephone in- 
formation and referral service, community baby show- 
ers, training of welfare mothers to act as paraprofes- 
sional outreach workers, and a variety of collaborative 
efforts among health and social agencies (including 
emergency walk-in centers) designed to simplify, co- 
ordinate, and augment services to pregnant women and 
infants. We are using the predictor variables from this 
study as ari indicator of social risk status to identify 
pregnant women who are in the greatest need of siip- 
port services. Finally, interviews with new mothers are 
continuing to increase the size and heterogeneity of the 
sample to assess the relative effects of the predictor 
variablës on birth weight. 

In summary, technologic advances in prenatal care 
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have placed the United States in the forefront of the 
early identification and management of maternal-fetal 
abnormalities. However, some women who could ben- 
efit the most from these procedures receive little or no 
prenatal care for some of the redsons previously listed. 
Unless measures are taken to improve access, women 
who cannot or will not traverse the maze of people, 
places, and information necessary to obtain prenatal 
care will continue to enter our hospitals as walk-ins. 
Those who obtain health care may not benefit from the 
rhost appropriate obstetric care if women at high med- 
ical risk select the convenience of walk-in centers over 
perinatal centers or if they receive less care with a sub- 
sequent pregnancy because our manner of providing 
prenatal care fails to communicate its importance. 


We acknowledge Drs. Robert Sokol and Paul Giblin 
for critical reviews of earlier drafts of this paper and 
the late Krystal Brown for her sensitive interviews of 
postpartum mothers and devotion to this project. 
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Red blood cell zinc protoporphyrin testing for iron-deficiency 


anemia in pregnancy 


Ron B. Schifman, M.D., James E. Thomasson, M.D., and James M. Evers, M.D. 


Tucson, Arizona 


The diagnostic value of ferritin, transferrin saturation, and red blood cell zinc protoporphyrin for detecting 
iron depletion and predicting third-trimester anemia was studied in 87 women attending a private obstetrics 
clinic. A decline in ferritin and transferrin saturation and an increase in red blood cell zinc protoporphyrin 
levels were observed in third-trimester measurements when compared with those of the first trimester. 
Third-trimester anemia (hemoglobin <11.5 gm/dl or 115 gm/L) was detected in 13 (15%) women. Red 
blood cell zinc protoporphyrin was the only test that consistently demonstrated significantly different mean 
values between anemic and normal subgroups. The diagnostic sensitivity and predictive value of red blood 
cell zinc protoporphyrin for evaluating iron depletion and risk of anemia in pregnancy compared favorably 
to those of ferritin and transferrin saturation measurements. The operational simplicity and low cost of red 
blood cell zinc protoporphyrin measurements are additional characteristics that favor this procedure for 


office testing. (AM J OBSTET GYNECOL 1987;157:304-7.) 


Key words: Iron-deficiency anemia, protoporphyrin, pregnancy 


Iron deficiency, produced by increased physiologic 
requiréments, is the most common cause of anemia in 
pregnancy.’ Iron stores can be effectively monitored 
with serum ferritin or transferrin saturation measure- 
ments? and anemia may be prevented by oral iron sup- 
plementation.’ Red blood cell zinc protoporphyrin 
meéasurements are also capable of identifying patients 
with depleted iron stores,’ although little information 
is available about the diagnostic value of this test in 
obstetric practice. 

Zinc protoporphyrin accumulates in red blood cells 
when heme biosynthesis is disturbed by decreased iron 
availability. Measurement of the red blood cell zinc 
protoporphyrin concentration therefore provides in- 
formation about both storage iron and its use.* Fur- 
thermore, this test is analytically more suitable than 
serum ferritin or transferrin saturation measurements 
for office testing because red blood cell zinc protopor- 
phyrin can be quickly and inexpensively assayed from 
a drop of whole blood by hematofluorometry.® Red 
blood cell zinc protoporphyrin testing has been suc- 
cessfully used to screen children, blood donors, and 
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other groups for iron depletion.®** This study evaluated 
the diagnostic value of red blood cell zinc protopor- 
phyrin testing for assessing iron stores and anemia risk 
in patients attending a private obstetrics clinic. 


Material and methods 


Eighty-seven women attending a private obstetrics 
clinic were studied after providing informed consent 
to participate. This study was approved by the Human 
Subjects Committee of the Arizona Health Sciences 
Center and Tucson Medical Center. All women re- 
ceived standard care and completed term pregnan- 
cies. In addition, all were prescribed oral iron supple- 
ments (ferrous fumarate, 45 mg/day) as part of a 
multivitamin-mineral complex. | 

Venous blood samples were collected from study par- 
ticipants at each trimester period. Hemoglobin mea- 
surements were performed by the Coulter method. 
The precision (coefficient of variation) of this method 
is 0.6% at thè level of 13.0 gm/dl (130 gm/L). Serum 
ferritin determinations were performed by radioim- 
munoassay (Leeco Diagnostic, Deerfield, Michigan), 
with a precision (coefficient of variation) of 7% at 35 
ng/ml (35 pg/L). Ferritin values <12 ng/ml (12 pg/L) 
were interpreted as abnormal. 

Transferrin saturation was calculated as the per- 
centage of serum iron versus total iron binding capacity 
and was measured by coulometry and ion-exchange 
methods (ESA Ferochem 3050, Bedford, Massachu- 
setts). This method has a precision (coefficient of vari- 
ation) of 5% at the level of 100 mg/dl (17.91 mol/L). 
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Fig. 1. Changes in ferritin during pregnancy in women de- 
veloping anemia in the third trimester (©) and in women with- 
out anemia (@). Results given as mean and SEM. 


Transferrin saturation levels below 16% were inter- 
preted as abnormal. 


Red blood cell zinc protoporphyrin was mesited by 


hematofluoromèėtry on washed cells as previously de- 
scribed.? The hematofluorometer is a dedicated front 
surface fluorometer that directly measures the red 
blood cell zinc protoporphyrin : hemoglobin ratio as a 
function of the intensity of light emitted by zinc prò- 
toporphyrin fluorescing at 594 nm versus the amount 
of excitation light absorbed by hemoglobin at 420 nm. 
This method has a precision of 4% at the level of 80 
ug/dl red blood cells (14.33 pmol/L red blood cells). A 
value of >60 pg/dl red blood cells (10.75 poe red 
blood cells) was interpreted as abnormal. 

All tests were performed by experienced medical 
technologists. The accuracy and precision of all meth- 
ods were monitored with appropriate controls and ex- 
ternal proficiency testing (College of American Pa- 
thologists and Centers for Disease Control). The Stu- 
dent ¢ test (two tail) was used to test for statistical 
differences between means, and Bayes’ theorem was 
used to calculate the sensitivity and predictive value of 
test results.'° Sensitivity is defined as the percentage of 
true positive results to true positive plus false negative 
results. Predictive value of a positive (abnormal) test 
result is the percentage of true positive results to true 
positive plus false positive results. 
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Fig. 2. Changes in iron saturation during pregnancy in women 
developing anemia in the third trimester (©) and in women 
without anemia (@). Results given as mean and SEM. 


Table I; Evaluation of test results for 
predicting third-trimester anemia 
(hemoglobin < 11.5 gm/dl or 115 gm/d)) 





Trimester 


Sensitivity (D). 


Red blood cell 38 54 62 
zinc protoporphyrin , 

Ferritin 23 23 54 

Iron saturation at 23 46 


- Predictive value of positive 
(abnormal) test 


Red blood cell 56 50 35 
zinc protoporphyrin 
Ferritin 27 25 32 
Iron saturation 33 15 24 
Results 


Thirteen (15%) of 87 women demonstrated hemo- 
globin concentrations equal to or below 11.5 gm/dl (115 
gm/L) and seven (8%) had values below 11.0 gm/dl (110 
gm/L) at the third-trimester testing period. These 
groups were compared with the remaining study pop- 
ulation to evaluate the value of ferritin, transferrin sat- 
uration, and red blood cell zinc protoporphyrin for 
predicting third-trimester anemia (Table I). Table II 
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Fig. 3. Changes in red blood cell zinc protoporphyrin 
(RBC ZP) during pregnancy in women developing anemia in 
the third trimester (©) and in women without anemia (@). Re- 
sults given as mean and SEM. 


Table II. Predictive value of red blood cell 
zinc protoporphyrin for detecting iron 
depletion in pregnancy | 





Prevalence of iron depletion (%)* 22 30 46 

Predictive value of negative (normal) red . 86 82 77 
blood cell zinc protoporphyrin result (%)t 

Predictive value of positive (abnormal) red 44 57 70 


blood cell zinc protoporphyrin result (%)t 


*Interpretive criteria: Depleted iron stores defined as fer- 
ritin < 12 ng/ml (12 ug/L) or iron saturation < 16%. 


+Abnormal red blood cell zinc protoporphyrin test defined 
as =60 ug/dl of red blood cells (10.75 pmol/L). 


shows the predictive value of normal and abnormal red 
blood cell zinc protoporphyrin test results for assessing 
iron stores. 

Figs. 1 through 4 show test results at each test period 
for the two subgroups with third-trimester hemoglobin 
levels above or below 11.5 gm/dl (115 gm/L). A pro- 
gressive decline in ferritin concentrations was observed 
throughout pregnancy. However, no significant differ- 
ence in mean values.between anemic (n = 13) and nor- 
mal (n = 74) groups was seen in the first, second, 
and third trimesters (t = 0.47, t = 0.84, t = 1.43, re- 
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Fig. 4: Changes in hemoglobin concentration during preg- 
nancy in women developing anemia in the third trimester (O) 
and in women without anemia (@). Results given as mean and 
SEM. 


spectively; p > 0.05). Mean transferrin saturation re- 
sults demonstrated a significant difference betweén 
subgroups only during the third trimester (t = 2.00, 
p < 0.05), while mean red blood cell zinc protopor- 
phyrin concentrations in the anemic and normal 
groups were significantly different in the first (t = 3.56, 
p< 0. 001), second (t = 2.78, p<0.01) and third 
(t = 4.53, p < 0.001) trimesters. 


Comment 

The results of this study confirm previous observa- 
tions that show a steady downward trend in. ferritin 
concentrations during the first and second trimesters 
of pregnancy. However, a further decline in iron 
stores, observed during the third trimester, was not 
expected since iron supplementation was provided to 
all study participants.” * This outcome may have been 
caused by poor compliance with prescribed iron sup- 
plements,’* insufficient dosage of supplemental iron,” 
or impaired absorption.’® Nevertheless, these results 
indicate that periodic assessment for iron-deficiency 
anemia is warranted during pregnancy, even in women 
given standard doses of iron supplements. 

Third-trimester anemia was considered a harmful 
consequence of iron depletion and was used as an end 
point to assess the relative diagnostic efficiency of fer- 
ritin, transferrin saturation, and red blood cell zinc pro- 


Volume 157 
Number 2 


toporphyrin tests. The incidence of iron depletion 
steadily increased from 22% to 46% between the first 
and third trimesters, although only 13 (15%) women 
were found to nave hemoglobin concentrations at or 
below 11.5 gm/dl (115 gm/L) during the third trimes- 
ter. Holly'* and Romslo et al.’ observed that red blood 
cell protoporphyrin concentrations rose primarily dur- 
ing the third trimester of pregnancy in women who did 
not receive iron supplementation. Our study group 
demonstrated a gradual increase in red blood cell zinc 
protoporphyrin levels throughout pregnancy, with the 
highest levels and most marked changes observed in 
the third trimester in those who had anemia. This dif- 
ference was not observed with ferritin or transferrin 
saturation results. Red blood cell zinc protoporphyrin 
measurements compared favorably with ferritin and 
transferrin saturation testing, when judged on the basis 
of diagnostic efficiency (that is, sensitivity and predic- 
tive value). 

Iron absorption increases during pregnancy as a 
compensatory response to expanded utilization, and 
this serves to maintain normal hematopoiesis in the 
presence of depleted iron stores.’ However, some 
women with deficient iron stores are unable to maintain 
adequate red blood cell mass by increasing iron ab- 
sorption, and anemia may develop when apparently 
normal iron reserves are used ineffectively. This may 
explain why red blood cell zinc protoporphyrin, as a 
physiologic measure of iron utilization, was more ef- 
fective than other tests for predicting anemia. An ab- 
normal red blood cell zinc protoporphyrin result sig- 
nifies a decompensated state of iron deficiency with 
ineffective heme synthesis’ and may provide the best 
single choice of tests for assessing iron requirements 
and risk of anemia in pregnancy. 

The red blood cell zinc protoporphyrin test has po- 
tential application for office testing. However, the re- 
sults of this study may represent the best performance 
that can be achieved with the hematofluorometer, since 
measurements were performed on washed venous 
blood samples, by an experienced medical technologist. 
In the cffice laboratory, red blood cell zinc protopor- 
phyrin will probably be measured directly from whole 
blood capillary samples by less skilled operators. Whole 
blood measurements may produce higher values be- 
cause of interference by plasma constituents, and this 
has the potential to increase the frequency of falsely 
abnormal test results.° In addition, inaccurate results 
may occur from calibration failures if assay perfor- 
mance is not carefully monitored by appropriate con- 
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trol materials.’ In spite of these potential difficulties, 
the hematofluorometer red blood cell zinc protopor- 
phyrin assay has been shown to be an effective “field” 
method in iron-depletion screening programs.’ It will 
be necessary to verify that reliable method performance 
and diagnostic effectiveness can also be maintained un- 
der typical office laboratory conditions. At the present 
time, the red blood cell zinc protoporphyrin test should 
be considered as a cost-effective alternative to other 
laboratory methods for identifying iron depletion and 
evaluating the potential for anemia in pregnancy. 
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The normal parturient’s admission temperature 


David B. Acker, M.D., Erica B. Schulman, M.A., Bernard J. Ransil, M.D., 
Benjamin P. Sachs, M.B., B.S., D.P.H., and Emanuel A. Friedman, M.D., Sc.D. 


Boston, Massachusetts 


The relationship between oral temperature taken at the time of admission and the duration of elapsed 
labor was evaluated. Onset of labor data revealed a diurnal distribution with an apogee at midnight to 2 am 
and a nadir at 11 Am to noon. Temperature data ranged from 94.3° to 99.7° F (34.6° to 37.6° C). The mean 
temperature of 97.8° + 0.8° F (36.6° + 0.44° C) is significantly lower (p < 0.001) than the clinical 
reference temperature of 98.6° F (37.0° C). A likely explanation is the coincidental admission time (early to 
late morning) and the nadir of the diurnal variation in temperature. Linear regression fitted to the data 
(after deletion of six hypothermic outliers) yielded the relationship: temperature = 97.8° 

F + 0.0115 x duration of elapsed labor (temperature = 36.6° C + 0.0064 x duration of elapsed labor) 
for which the correlation coefficient is not statistically significant. (AM J Osster GYNECOL 1987;157:308-1 1.) 


Key words: Febrile morbidity, labor, normal parturient, temperature 


Fever is a sign of considerable clinical significance. It 
is generally defined in medicine as an elevation of body 
temperature above normal daily variation. Although 
frequently associated with infection, it may be associ- 
ated with other conditions or states, including dehy- 
dration or prolonged exertion. Difficult or long labors 
are said to be associated with an increase (rarely above 
100.4° F or 38.0° C) in the core temperature.” ? 

A parturient’s moderately elevated or slightly rising 
temperature presents the clinician with a diagnostic 
dilemma. The ability to distinguish between an early 
infectious process and a variation in the elevation of 
normal intrapartum temperature has obvious practi- 
cal importance. Recent obstetric publications have 
not provided guidelines for interpreting this common 
finding.** 

The purpose of this article is to provide a reliable 
measure of the admission temperature of a group of 
normal parturients and to determine the variation, if 
any, of temperature with respect to the duration of 
labor, thereby providing data to help define both the 
limits of normal temperature and the level at which 
fever can be said to exist and warrant investigation and 
care. 
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Material and methods 


All patients and their singleton babies delivered at 
Beth Israel Hospital during the calendar year 1982, 
numbering 2746 pairs, were available for study. Data 
were abstracted from the patients’ charts, collated, ed- 
ited, verified, and stored on computer tapes by specially 
trained staff. The data base consisted of demographic 
and medical characteristics, obstetric complications, la- 
bor and delivery events, and neonatal outcome. 

From this population, a subset was selected that ful- 
filled, on retrospective chart review, the following cri- 
teria: the gestational age was 37 to 41 weeks (dating 
from the last menstrual period); the onset of labor was 
spontaneous; the membranes were intact (specifically, 
there was no history of ruptured membranes, no evi- 
dence of amniotic fluid was noted in the vagina during 
the physical examination on admission, and there was 
subsequent documentation of either spontaneous or 
artificial rupture of membranes); the gravida delivered - 
spontaneously; and there was no evidence of any an- 
tepartum, intrapartum, or postpartum infection or in- 
flammatory disease. In all 502 patients satisfied all cri- 
teria and served as the sample population for this study. 

The patient's statement concerning the onset of reg- 
ular uterine contractions, as documented in the ad- 
mission history, was taken as the time of onset of labor. 
The parturient’s time of admission and concomitant 
vital signs, which included an oral temperature ob- 
tained with an [VAC temperature measuring system 
(IVAC Corp., San Diego, Calif., accuracy + 0.2° F or 
0.11° C} were recorded by the primary nurse. The dif- 
ference between the two recorded times was used to 
define the duration of elapsed labor for the purposes 
of this investigation. Although additional temperature 
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Fig. 1. Relationship between incidence of perceived initiation 
of spontaneous labor in the presence of intact membranes and 
time of day. The dashed line at 4.2% represents the percentage 
of patients who would perceive the beginning of labor if it 
occurred randomly. 


readings were made periodically over the course of the 
labor, usually at 4-hour intervals, only the first record- 
ing was used in this study. 

The onset of labor, temperature on admission, and 
duration of elapsed labor data were evaluated for the 
distribution properties by means of D’Agostino’s sta- 
tistic, histograms, skewness (degree of asymmetry), and 
kurtosis (degree of peakedness) and plotted to evaluate 
the relationship, if any, between temperature and du- 
ration of elapsed labor. The resulting observed linear 
relationship was evaluated by linear least squares 
regression. 


Results 


The relationship between the percentage of gravidas 
perceiving the onset of regular contractions and the 
time of day of that perception is displayed in Fig. 1. A 
definite diurnal distribution is evident with an apogee 
between midnight to 2 AM and a nadir between 1] AM 
to noon. 

The temperature readings obtained on admission are 
displayed in Fig. 2. The range for the 502 normal grav- 
idas was 94.3° to 99.7° F (34.6° to 37.6° C). The average 
temperature was 97.8° + 0.8° F (36.6° + 0.44° C) 
(mean + SD). These data were not normally distrib- 
uted by D’Agostino’s statistic (p < 0.01). A histogram 
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Fig. 2. Histogram (nonnormal) displays parturients’ oral tem- 
perature at the time of admission to the hospital. 


showed both significant kurtosis (p < 0.01) and signif- 
icant negative skewness (p < 0.01). 

The duration of elapsed labor data exhibited a Pois- 
son distribution, with a range of 0.25 to 32 hours 
(Fig. 3). More than half (56.4%) of the patients were 
admitted within 5 hours of the onset of labor. The 
nonnormal character of the distribution is further il- 
lustrated by the low median value, 4.25 hours, com- 
pared with an arithmetic mean of 5.89 hours, and the 
large coefficient of variation (84%). Distribution typing 
established that the duration of elapsed labor data were 
log normal in character with a geometric mean of 4.31 
hours. 

To evaluate the relationship between temperature 
and the duration of elapsed labor, a correlation scat- 
terplot (Fig. 4) was made, which yielded a wedge- 
shaped distribution about a temperature of 97.8° F 
(36.6° C). A linear regression fitted to the data yielded 
the relationship: temperature = 97.8° + 0.0148 x 
duration of elapsed labor (temperature = 36.6° C + 
0.0082 x duration of elapsed labor), The correlation 
(r = 0.09) and linear behavior were statistically signif- 
icant at the p = 0.04 level. 


Comment 


The onset of labor data of these 502 normal partu- 
rients reveal a diurnal distribution rhythmicity that has 
previously been noted by Kaiser and Halberg? and by 
Shettles.’ For a disproportionate number of patients 
and for reasons that remain unexplained, the initiation 
or the perception of the initiation of spontaneous labor 
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Fig. 3. Histogram displays the duration of elapsed labor at the 
time of admissison to the hospital. 


(in the presence of intact membranes) occurs during 
periods of rest or asleep. 

The temperature data exhibit two interesting fea- 
tures, First, the mean temperature of 97.8° + 0.8° F 
(36.6° + 0.44° C) is significantly lower (p < 0.001) than 
the clinical reference temperature of 98.6° F (37.0° C); 
indeed, 79% of the patients have a temperature less 
than 98.6° F (37.0° C). Furthermore, the temperature 
distribution is skewed significantly toward lower tem- 
peratures. 

The elapsed duration of labor data offers a clue to a 
likely explanation. Most of the patients experienced the 
onset of regular contractions in the very late evening 
or early morning hours. The median time from the 
onset of labor to admission was 4.25 hours. Therefore 
it is likely that most of the patients were admitted (and 
had their temperature taken) during just that period 
of the morning when the diurnal variation of temper- 
ature in pregnancy was at its nadir.® 

However, several other factors might account for the 
findings: the accuracy of the measuring system (varies 
+0.2° F or 0.11° C), an error in the clinical use of the 
digital thermometer, an error in the acceptance of the 
clinical norm of 98.6° F or 37.0° C (obtained in the days 
when mercury thermometers were. the standard mea- 
surement device), or a bias toward hypothermia in this 
sample population (as suggested by the negative skew- 
ness in the histogram). 

However, the inaccuracy of +0.2° F (0.11° C) does 
not explain a difference of four times that value. 

The digital thermometer may not be properly stan- 
dardized or used, or it may detect temperature cor- 
rectly, or the older mercury thermometers consistently 
were overread. Alternatively, both measurement de- 
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Fig. 4. Scatterplot relates the temperature at the time of ad- 
mission of 502 normal parturients to the duration of elapsed 
labor. Note the six cases at the extreme low end of the tem- 
perature scale. 


vices could be in error and contribute to the relatively 
small difference of 0.8° F (0.44° C). These are important 
technologic issues that the design of this study does not 
address. 

Turning to the remaining factor, the possibility of 
bias, we note that the histogram of this population 
(Fig. 2) shows a small group of six patients at the ex- 
treme low end of the temperature scale. The mean of 
this small subgroup, 94.9° + 0.3° F (34.9° + 0.17° ©), 
lies 3.6 SD below the total sample mean and differs 
significantly from it in both mean (p < 0.001) and var- 
lance (p < 0.001). We consider the possibility that 
these cases represent a hypothermic subpopulation and 
that the parent distribution is bimodal and nonhomo- 
geneous. 

Acting on this assumption and deleting these six pos- 
sible outliers yields a sample population of 496 gravidas 
that is normally distributed by D’Agostino’s statistic and 
does not differ significantly in mean + SD from the 
unedited sample (97.9° + 0.7° F versus 97.8° + 0.8° F) 
(36.6° = 0.39° C versus 36.6° + 0.44° C). Skewness 
(p = 0.02) and kurtosis (p = 0.05) are still statistically 
significant (but borderline). The range of temperatures 
decreases from 5.4° to 3.8° F (3.0° to 2.1° C). 

A correlation scatterplot of the edited distributions 
(not shown) yields a linear regression of the form: tem- 
perature = 97.8° F + 0.0115 x duration of elapsed 
labor (temperature = 36.6°C + 0.0064 x duration of 
elapsed labor) for which the correlation coefficient 
(r = 0.076) is not statistically significant. 

Therefore the outcome of analysis is a sample dis- 
tribution of 496 individual gravidas who were admitted 
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with a mean temperature of 97.9° + 0.7° F (95% con- 
fidence limits + 0.07%) or 36.6° + 0.39° C (95% con- 
fidence limits + 0.04%) after a mean (arithmetic) du- 
ration of elapsed labor of 5.9 + 5.0 hours (95% con- 
fidence limits + 0.4%). The more precise (but less 
clinically familiar) geometric mean duration of elapsed 
labor was 4.31 hours (almost identical to the median). 
Therefore these cases may be regarded as a reference 
population from which the following clinical inferences 
may be drawn. 

The diurnal variation in the onset of labor and a 
gravida’s normal temperature is well established but not 
frequently emphasized clinical concepts. The clinician 
should be alért to the significance of the time of day of 
a gravida’s admission and the resulting admission tem- 
perature. 

An admission temperature of 99.4° F (37.4° C), which 
represents the mean + 2 SD, in a normal parturient 
with intact membranes is uncommon (especially in the 
morning hours). It can be expected to occur, with use 
of a one-tail value, on the basis of our distribution, once 
in 50 cases. Values of 100.2° F (37.9° C), which represent 
the mean + 3 SD, should not occur but once in 1000. 
The reasonableness of these frequencies can be tested 
against the current data base. Six of 496 patients have 
a temperature >99.4° F (37.4° C) whereas 10 are ex- 
pected due to chance. Theré are no patients whose 
temperature exceeds 99.7° F (37.6° C), whereas two are 
expected due to chance. 

Therefore in the absence of a history of rup- 
tured membranes, a temperature elevation =99.4° F 
(37.4° C) may be indication of an abnormiality such as 
unsuspected leakage of amniotic fluid (although not 
found in this series). A careful examination to confirm 
the presence of intact membranes should be initiated. 
This should include at the least visualization of the 
vaginal vault and fornices for amniotic fluid and the 
performance of a fern or Nitrazine paper test on sus- 
pected secretions. An ultrasonographic evaluation of 
amniotic fluid volumie should be considered. Whether 
the membranes have ruptured, other sources of in- 
flammation or infection should be considered. If the 
cause for the temperature elevation cannot be found, 
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prudent management should include close observation 
and a well monitored in-hospital labor. Regardless of 
the duration of labor at the time of admission, the par- 
turient should not be sent home. 

Presently, the difference between the lower temper- 
atures observed in this study and the more conven- 
tionally accepted reference temperature (98.6° F or 
37.0° C) and the lack of any observed relationship be- 
tween duration of elapsed labor and the admission tem- 
perature should not be taken to be in disagreement 
with thé classic clinical teaching. Previous works related 
prolonged or difficult labors (inevitably associated with 
ruptured membranes and multiple pelvic examina- 
tions) to a slight rise in temperature. Our results are 
applicable only for the clinical conditions specified 
within this study. It would be inappropriate to gener- 
alize these data to other situations. l 

The data needed for correct interpretation of tem- 
perature in association with other than intact mem- 
branes are not available; a suitably designed prospective 
study is needed. 


We thank Dr. Irwin H. Kaiser for his review of this 
manuscript and wise suggestions for its improvement. 
Data analysis was performed with the Core Laboratory 
Camputer facilities. 
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Age-related changes in the female hormonal environment 


during reproductive life 


Victoria C. Musey, M.D., Delwood C. Collins, Ph.D., Paul J; ace Ph.D., 


D. Martirio-Saltzman, M.S., and John R. K. Preedy, M.D. 


Allanta and Decatur, Georgia 


Previous studies have indicated that serum levels of follicle-stimulating hormone rise with age during the 
female reproductive life, but the effect on other hormones is not clear. We studied the effects of age, 
independent of pregnancy, by comparing serum hormone levels in two groups of nulliparous, 
prerrienopausal women aged 18 to 23 and.29 to 40 years. We found that increased age during 
reproductive life is accompanied by a significant rise in both basal and stimulated serum follicle-stimulating 
hormone levels. This was accompanied by an increase in the serum level of estradiol-17B and the urine 
levels of estradiol-17B and 178-estradiol-17-glucosiduronate. The serum level of estrone sulfate decreased 
with age. Serum and urine levels of other estrogens were unchanged. The basal and stimulated levels of 
luteinizing hormone were also unchanged. There was a significant decrease in basal and stimulated serum 
prolactin levels. Serum leveis of dehydroepiandrosterone and dehydroepiaridrosterone sulfate decreased 
with age, but serum testosterone was unchanged. It is concluded that significant age-related changes in 
the female hormonal environment occur during the reproductive years. (Am J OBSTET GYNECOL 


1987:157:312-7.) 


Key words: Aging and hormones, estrogens, androgens, gonadotropins, prolactin 


Although much information is available regarding 
the changes in the female hormonal environment at 
menarche and menopause, age-related hormonal 
changes during the intervening years have not been 
extensively investigated. Previous studies in regularly 
menstruating women have suggested that serum 
follicle-stimulating hormone (FSH) levels rise with in- 
creasing age, whereas luteinizing hormone (LH) levels 
remain unchanged.’® However, apart from the gonad- 
otropins, the effects of age on other hormones, includ- 
ing estrogens, during reproductive life are not clear. 

Investigation in this area is complicated by our pre- 
vious findings** that a first pregnancy causes long-term 
changes in the hormonal environment. Thus the effects 
of age and pregnancy must be separately determined. 
Previous studies’? did not control for parity. To deter- 
mine the effects of age during reproductive life, in- 
dependent of pregnancy, we studied two groups of nul- 
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liparous women, a younger group aged 18 to 23 years 
and an older group aged 29 to 40 years. The following 
hormones were measured: basal and stimulated serum 
levels of prolactin, FSH, and LH; serum levels of es- 
trone (E,), estradiol-17B (E,), estriol (Es), and E, sul- 
fate; urinary levels of total E,, E» and E;, together with 
their glucosidurondtes were measured. The serum 
levels of the androgens testosterone, dehydroepian- 
drosterone (DHEA), and dehydroepiandrosterone sul- 
fate (DHEAS) were also measured. 


Methods 

Subjects. Thirty-five normal healthy female volun- 
teers aged 18 to 23 years and 29 normal healthy female 
volunteers aged 29 to 40 years were recruited by a mass 
media campaign and studied after informed consent 
was obtained. The mean age in years + SD was 
20.4 + 1.33 for the younger aged group and 33.9 + 
3.03 for the older aged group. All subjects were nul- 
liparous, had a history of regular menstrual cycles, and 
had never taken oral contraceptives or other hormones. 
None were on medication at the time of the study. After 
medical histories were obtained and physical exami- 
nations were performed, the subjects with conditions 
known to be associated with abnormal hormone levels 
or others that would affect the study’s outcome were 
excluded. 

Experimental protocol. All subjects were studied 
during the early follicular phase (days 2-4) of the men- 
strual cycle. On day 2, each subject collected a 24-hour 
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urine sample. On day 3, a blood sample was collected, 
and a gonadotropin-releasing hormone (GnRH) stim- 
ulation test was performed. On day 4, a perphenazine- 
prolactin stimulation test was done (see below). Both 
stimulation tests were started between 8 and 9 AM after 
the subjects fasted overnight. All serum and urine sam- 
ples were stored at — 80° G until analyzed. 

‘GnRH stimulation test. A 19-gauge butterfly needle 
was inserted into a forearm vein to facilitate blood col- 
lection. The needle was kept open with a heparin-saline 
solution. Baseline blood samples were collected for LH 
and FSH assays. A 100 ug bolus of GnRH was then 
given intravenously. Thereafter, blood samples were 
collected at 30-minute intervals for 90 minutes for LH 
and FSH assays. Serum was separated and stored as 
described above. 

Perphenazine-prolactin stimulation test.’ After in- 
sertion of a 19-gauge butterfly needle into a forearm 
vein, a baseline blood sample was collected for prolactin 
determination. Perphenazine (8 mg) was then admin- 
istered orally, and further blood samples were collected 
at 3, 4, and 5 hours after the perphenazine adminis- 
tration to measure prolactin levels. The serum was sep- 
arated and stored as above. 

Procedures for hormone assays 

Analysis of LH, FSH, and prolactin. Serum levels of 
LH, FSH, and prolactin were measured by radioim- 
munoassay (RIA) with commercial kits obtained from 
Serono Diagnostics, Inc., Braintree, Massachusetts. 
The reagents for measuring serum prolactin were ob- 
tained from Hybritech, San Diego, California. The 
intra-assay and interassay coefficients of variation es- 
tablished in our laboratory were LH, 2.8% and 4.4%; 
FSH, 3.1% and 7.7%; prolactin, 2.8% and 6.2%. 

Analysis of estrogens. Serum levels of E, Ey, and Es 
were measured by RIA after ether extraction as pre- 
viously described.’ The intra-assay and interassay co- 
efficients of variation for each estrogen were E,, 6.8% 
and 11.2%; E, 5.4% and 8.2%; Es, 6.1% and 9.1%. The 
E, sulfate level in serum was determined by direct RIA 
without previous hydrolysis after ether extraction to 
remove the free estrogens.* The intra-assay and inter- 
assay coefficients of variations were 6.4% and 9.5%, 
respectively. Urinary levels of the estrogen conjugates, 
E, glucosiduronate, Es 17-glucosiduronate, and E,-16a- 
glucosiduronate were determined by specific RIA as 
previously developed in our laboratory.? The intra- 
assay and interassay coefficients of variation for each 
compound were E, glucosiduronate, 6.9% and 10.8%; 
E, 17-glucosiduronate, 6.5% and 10.2%; E, 16a- 
glucosiduronate, 6.6% and 11.0%. The levels of E,, E., 
and E, in urine were determined after hydrolysis with 
B-glucuronidase (Helix pomatia, type H-3, Sigma Diag- 
nostics, St. Louis, Missouri). The free estrogen was ex- 
tracted with ether and measured by specific RIA for 
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the particular estrogen as previously described.’ The 
coefficients of variation were the same as those of the 
free estrogens in serum. 

Analysis of androgens. Serum levels of testosterone 

were measured by RIA after ether extraction as pre- 
viously described.’ The intra-assay and interassay co- 
efficients of variation were 4.9% and 7.9%, respectively. 
Serum levels of DHEA were measured by RIA after 
ether extraction and LH-20 chromatography as pre- 
viously described." The intra-assay and interassay co- 
efficients of variation were 6.4% and 10.1%, respec- 
tively. Serum levels of DHEAS were measured by RIA 
with a specific antiserum as previously described.'* The 
intra-assay and interassay coefficients of variation were 
5.4% and 8.2%, respectively. All the measurements for 
each hormone were done in a single assay. 
- Statistical analysis.. Height and weight between 
younger and older aged groups were compared with 
the use of the £ test for differences between means. A 
one-way analysis of variance was used to compare basal 
levels of the protein hormones (FSH, LH, prolactin) 
and the steroid hormones between younger and older 
aged subject groups. 

A two-way repeated measures analysis of variance 
was used to compare stimulated levels for FSH, LH, 
and prolactin between groups, with main effects “youn- 
ger, older” as the “between factor” and “time” (1.e., time 
of sampling) as the “within” or repeated measures 
factor. 

The square root or log transformation was used to 
stabilize heterogeneous variances where appropriate. 
Subjects with missing data on the variable of interest 
were omitted from the analysis. Values outside the 
mean + 2 SD were considered to be outliers and were 
also omitted. A value for p = 0.05 was taken to indicate 
statistical significance. Standard errors are given for 
descriptive purposes but are not used in the significance 
tests. 


Results 


Subjects. The mean height in inches + SD for the 
younger aged group was 65.0 + 2.39 and for the older 
aged group was 65.4 + 2.31. There was no significant 
difference between the two means. The mean body 
weight expressed as percent of ideal body weight + SD 
was 106.9 + 15.6 for the younger aged group and 
112.0 + 11.4 for the older aged group. The mean body 
weights were not significantly different between the two 
groups. . 

Protein hormones. The basal serum FSH level was 
significantly higher (p < 0.01) in the older aged group 
than in the younger aged group (Table 1). The mean 
values for stimulated FSH (Fig. 1) were also signifi- 
cantly higher in the older aged group (p < 0.05). There 
was no significant difference between the groups in 
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Fig. 1. Basal (time zero) and stimulated (30, 60, 90 minutes) 
levels of serum FSH after the intravenous administration of 
GnRH (100 pg) to subjects in the younger (open circles) and 
older (closed circles) aged groups. Both basal and stimulated 
values in the older aged group were significantly higher than 
in the younger aged group (p < 0.01). 
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Fig. 2. Basal (time zero) and stimulated (30, 60, 90 minutes) 
levels of serum LH after the intravenous administration of 
GnRH (100 pg) to subjects in the younger (open circles) and 
older (closed circles) aged groups. There was no significant dif- 
ference between the two groups. S. 


either the basal serum LH or in stimulated serum LH 
values (Fig. 2). There was a significant (p < 0.01) de- 
crease in the basal serum prolactin level in the older 
aged group. The stimulated prolactin values (Fig. 3) 
were also significantly lower (p < 0.01) in the older 
aged group. . 
Estrogens. The mean serum levels of E., E, sulfate, 
E,, and E; for both groups are shown in Table II. The 
serum E, level was significantly higher (p < 0.01) in the 
older aged group, but the serum level of E, sulfate was 
significantly lower (p < 0.01). The serum E, level was 
lower in the older aged group, but the difference be- 
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Fig. 3. Basal (time zero) and stimulated (3, 4, 5 hours) levels 
of serum prolactin after the oral administration of 8 mg per- 
phenazine to subjects in the younger (open circles) and in the 
older (closed circles) aged groups. Both basal and stimulated 
values in the older aged group were significantly lower than 
in the younger aged group (p < 0.01). 
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tween the groups was not statistically significant. Serum 
E; levels were similar in both groups. 

The mean levels of E, E,, Es, and E, 17-glucosidu- 
ronate in urine are shown in Table III. There were 
significant differences in urine levels of E, and E, 17- 
glucosiduronate between’ the groups, with the older 
aged group having higher levels than the younger aged 
group. There was no significant difference between the 
groups in levels of E,, Es, E, glucosiduronate, and E; 
16a-glucosiduronate in urine. 

Androgens. Mean serum levels of testosterone, 
DHEA, and DHEAS are shown in Table IV. There was 
no significant difference between the groups for serum 
testosterone. However, serum DHEA and DHEAS 
levels were significantly lower (p < 0.01) in the older 
aged group. 


Comment 


This study was designed to demonstrate the effects 
of age on the hormonal environment in women of re- 
productive age. Apart from cyclic alterations of the 
menstrual cycle, a first pregnancy induces long-term 
changes in the hormonal environment.** Thus the ef- 
fects of age and pregnancy must be separately deter- 
mined. In this study we have excluded effects of preg- 
nancy that would confound the issue by using nullip- 
arous subjects only. 

A second confounding variable is differences in se- 
rum hormone levels caused by circadian rhythm 
and/or episodic or pulsatile secretion. Such variation 
could complicate the interpretation of serum hormone 
values from single blood samples. In this study the time 
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Table I. Mean basal serum levels of FSH, LH, and prolactin in the younger and the older aged groups of 


Younger women Older women 
(aged 18-23 yr) (aged 29-40 yr) Difference $ 


nulliparous women 


FSH (mIU/ml) 


Mean 3.60 

SE 0.22 

n 35 
LH (mIU/ml) 

Mean 7.20 

SE 0.66 

n 35 
Prolactin (ng/ml) 

Mean 14.2 

SE 1.87 

n 3] 


4.69 + 1.09 <0.01 
0.42 
28 


8.09 + 0.89 NS 
0.87 
28 


9.36 4.84 <0.01 
0.88 
28 


n = Number of subjects; difference = the difference between the two means; p = the probability that the difference between 
means could occur by chance; NS = not significant. SE given for descriptive purposes only; it is not used in the tests for significance. 


Table II. Mean serum levels (picograms per milliliter) of E., E, sulfate, E,, and E, in the younger and 


older aged groups of nulliparous women 


Younger women Older women 
(aged 18-23 yr) (aged 29-40 yr) Difference p 


E, 
Mean . 61.1 
SE 4.3 
n 34 
E, sulfate 
Mean 1043 
SE 75 
n 35 
E, 
Mean 72,2 
SE 5.1] 
n 32 
Es 
Mean 13.4 
SE 0.73 
n 34 


See Table I for definitions. 


of day at which samples were collected was controlled 
by obtaining all samples for basal hormone measure- 
ments in the morning (between 8 and 9 Am), thereby 
minimizing the effects of circadian changes. In addi- 
tion, the GnRH and perphenazine stimulation tests that 
were used are independent of pulsatile secretion and 
circadian changes. 

A third variable that could impact on the hormonal 
environment is body weight. However, this variable was 
discounted by finding no significant difference between 
the two groups of women. . 

Previous studies of the effects of age on serum FSH 
and LH levels have dealt with only basal levels. Our 
results in relation to basal FSH and LH levels are con- 
sistent with those reports’? that suggest a significant 


74.) + 13.0 <0.01 


851 2192 <0.01 


62.2 — 10.0 0.09 


14,7 + 1.30 NS 


increase in basal FSH but no change in LH. However, 
by using only nulliparous women in this study, we have 
shown that pregnancy could not have been a factor in 
these effects. 

The GnRH stimulation test used in this study 
also offers additional information about age-related 
changes, namely, an estimate of the pituitary secretory 
capacity of FSH and LH. We found an increased re- 
sponse of FSH to GnRH stimulation. No significant 
change in the response of LH to GnRH stimulation was 
seen in the older aged group. Therefore our results 
suggest that both basal serum levels and pituitary se- 
cretory capacity for FSH are affected by the aging pro- 
cess, whereas those of LH are not affected. The mech- 
anism for the divergent basal levels and the response 
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Table III. Mean levels (micrograms per 24 hours) of total F,, total E,, total E,, and E; 17-glucosiduronate 
in the urine of the younger and older aged groups of nulliparous women 


Younger women Older women 
(aged 18-23 yr) (aged 29-40 yr) Difference p 


Total Es 
Mean 3.93 
SE 0.27 
n 35 
Total E, 
Mean 6.97 
SE 0.68 
n 35 
Total E, 
Mean 16.9 
SE 2.22 
n 34 
E, 17-glucosiduronate 
Mean 1.69 
SE .125 
n 35 


5.17 + 1.24 <0.01 


7.85 +0.88 NS 


22.5 +5.60 NS 


1.97 +0.28 0.03 





See Table I for definitions. 


Table IV. Mean serum levels of testosterone, DHEA, and DHEAS in younger and older aged groups of 


Younger women Older women 
(aged 18-23 yr) (aged 29-40 yr) Difference p 


nulliparous women 


Testosterone (pg/ml) 


Mean 318 

SE 32 

n 35 
DHEA (ng/ml) 

Mean 4.95 

SE 50 

n 32 
DHEAS (g/dl) 

Mean 290.5 

SE 25.1 

n 35 


See Table I for definitions. 


of FSH and LH is not known but might be explained 
by feedback regulation of gonadotropin secretion by 
estrogens and/or inhibin. In this study the concomitant 
rise in serum levels of both FSH and E, argues against 
feedback regulation by estradiol as being responsible 
for the increase in FSH. Conversely, inhibin prefer- 
entially inhibits FSH secretion. Therefore decreased 
feedback inhibition of FSH secretion by ovarian inhibin 
could explain the selective rise in the FSH level. 

A most interesting finding in this study was the sig- 
nificant age-related increase in the serum level of E,. 
The increase in E, occurred in both the serum and 
urine and is consistent with one previous report.“ The 
increased serum E, level may be caused by either in- 
creased ovarian secretion or decreased metabolism of 
E» which is metabolized principally through hepatic 
conjugation and E, formation. In this study the urine 
levels of both total E, and E, 17-glucosiduronate were 


303 =15 NS 
28 
27 
3.3] ~ 1.64 <0.01 
35 
27 
195.5 =95 <0.01 
21.9 
27 


increased, whereas serum levels of E, sulfate and E, 
were decreased, suggesting that decreased metabolism 
through the E, pathway may account for the increased 
levels of E,. However, an increase in ovarian secretion 
of E, remains a possibility that cannot be excluded with 
our results. 

This age-related increase in serum E, levels in nul- 
liparous women has important implications as a risk 
factor for breast cancer. It is well known that nulliparity 
increases the risk of breast cancer.'* '* Bernstein et al.'® 
have recently reported that nulliparous women have 
higher serum levels of E, than parous women, indicat- 
ing that previous pregnancy lowers serum levels of Ep. 
One possible mechanism for lowering serum E, levels 
in parous women is through the prevention of the age- 
related rise in the serum levels of E,, which occurs in 
nulliparous women. An early first pregnancy could 
then reduce serum E, levels at an earlier age than a 
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late first pregnancy. This is consistent with the estab- 
lished finding that an early first pregnancy protects 
against breast cancer, whereas a late first pregnancy 
does not.’** 

A decrease in basal serum prolactin levels with in- 
creasing age has been reported in the female subject, 
but postmenopausal women were included, and the 
long-term effects of pregnancy were not taken into ac- 
count.'7 Yu etal." found no significant change in basal 
serum. prolactin levels with age in nulliparous women. 
Our results clearly indicate that there is an age-related 
decrease in both the basal levels of prolactin and the 
response of prolactin to perphenazine during the re- 
productive years. 

We have previously reported that a first pregnancy 
induces long-term reduction in the secretion of pro- 
lactin.* In this study the effects of pregnancy were 
excluded by using only nulliparous women. Thus 
both the aging process and previous pregnancy affect 
prolactin secretion. However, serum prolactin levels 
are higher in nulliparous women than in parous 
women,” * indicating that a pregnancy at an early age 
will lower serum prolactin levels at an earlier age and 
for a longer period than the aging process. 

There was again a divergence with regard to the 
androgens. There was no age-related change in serum 
levels of testosterone, whereas serum levels of both 
DHEA and DHEAS decreased. Serum DHEA and 
DHEAS levels decrease during pregnancy.” We have 
shown that the reduction in DHEA and DHEAS levels 
induced by a first pregnancy persists for several years.’ 
The effects of age and pregnancy are frequently con- 
current and difficult to separate. However, the effects 
of pregnancy were discounted in this study by using 
only nulliparous women. Our results clearly show that 
serum levels of DHEA and DHEAS change tn response 
to age, as well as to a first pregnancy. 

In summary, our studies indicate that increasing age 
during reproductive life in the woman is accompanied 
by a significant change in the hormonal environment 
that is independent of previous pregnancy. There is an 
increase in both basal serum FSH levels and the re- 
sponse of FSH to GnRH stimulation. In turn, this is 
associated with an increase in serum levels of E,, urinary 
levels of total E, and E, 17-glucosiduronate, and a de- 
crease in serum levels of E, sulfate. Other serum and 
urinary estrogen levels are unchanged. Basal and 
GnRH stimulated levels of LH are also unchanged. 
Serum levels of DHEAS and DHEA decrease markedly, 
but testosterone remains unchanged. Both basal and 
perphenazine-stimulated serum levels of prolactin are 
markedly reduced. These changes in the hormonal mi- 
lieu during the reproductive years have important im- 
plications about physiologic and pathologic conditions 
that are affected by reproductive hormones. 
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Evidence that estrogen may be a Key factor in 
hyperprolactinemic anovulation: A case report 


Hideki Sakamoto, M.D., Konbai Den, M.D., Yasumasa Kondo, M.D., Katsuo Tsubata, M.D., 


and Shigeo Takagi, M.D. 
Tokyo, Japan 


Although anovulation associated with hyperprolactinemia is not an uncommon cause of infertility, the 
precise mechanism of the pathogenic process that induces hyperactivity (hyoertrophy with hyperplasia) 
of pituitary lactotropes is unknown. We have recently experienced a case of anovulation and 
hyperprolactinemia in a woman with ergot alkaloid intolerance in whom ovulation was restored by 
tamoxifen citrate administration. Since tamoxifen citrate administration also suppressed prolactin levels, it 
was suggested that a low but sustained serum level of estradiol and consequently continuous estrogenic 
stimulation may be an important causative factor in the development of hyperprolactinemic anovulation. 


(Am J OBSTET GYNECOL 1987;157:318-9.) 


Key words: Estrogen, hyperprolactinemia, tamoxifen citrate 


We present here a case of hyperprolactinemia asso- 
ciated with infertility. Ovulation was restored in this 
patient with a regimen of tamoxifen citrate adminis- 
tration. 


Case report 


A 24-year-old nulligravid housewife was referred to 
our clinic on September 20, 1986, because of amen- 
orrhea of 2 months’ duration. She had a negative uri- 
nary human chorionic gonadotropin test and withdrew 
to progesterone challenge at another clinic. The serum 
luteinizing hormone, follicle-stimulating hormone, and 
estradiol levels were 26 mIU/ml, 8.5 mIU/ml, and 57.4 
pg/ml, respectively. There was a moderate rise of the 
serum prolactin level to 110 ng/ml (upper limit of pro- 
lactin in our clinic is 30 ng/ml) and normal thyroid- 
stimulating hormone levels of 1.3 uU/ml. 

A series of sellar x-ray studies was negative. A course 
of bromocriptine (5 mg/day) was initiated on Septem- 
ber 25 but was discontinued on that day because she 
developed marked nausea, vomiting, and epigastrial 
cramps after receiving 2.5 mg of the medication. At 
her second visit, an antiestrogen regimen with tamox- 
ifen citrate (20 mg/day) was started. 

On the thirteenth day of the regimen, the basal body 
temperature rose with increased cervical mucus pro- 
duction. Serum estradiol, progesterone, and prolactin 
levels were 440 pg/ml, 0.9 ng/ml, and 78.5 ng/ml, re- 
spectively, and the tamoxifen citrate regimen was 


From the Department of Obstetrics and Gynecology, Nihon University 
School of Medicine. 

Received for publication December 3, 1986; accepted December 31, 
1986. 

Reprint requests: Hideki Sakamoto, M.D., Department of Obstetrics 
and Gynecology, Nihon University School of Medicine, 30-1, Oya- 
guchi, Kamimachi, Itabashi, Tokyo, Japan 173. 


318 


RE Jo u cee Op auuu NNN 


p3 T 


MEDICATION epee en 


TMX 20mg/ day 


LH 2 mUa 
FSH 8.5 m U/é 
E: 57.4 g/m 
PRL HO aginĖ 
TSH 1.3 aUrg 
P 02 g/m 
Sella Xray neg 


440peine P 1.2ng/me 
P O.9ng/meé PRL 68.1 ng/ne 
PRL 78.5ng/rf 
CM (+) 





Fig. 1. Graph showing basal body temperature, menses, and 
effects of medication on hormone levels. 


stopped on the fourteenth day (Fig. 1). The basal body 
temperature remained high and progesterone and pro- 
lactin levels on October 29 were 1.2 and 68.1 ng/ml. 
Menstruation began on November 4. 


Comment 


In rats, it was reported that continuous exposure to 
estradiol causes decreased tyrosine hydroxylase activity 
in the hypothalamus and a fall in dopamine levels. 
These changes, however, appeared to be reversible, 
with the catecholamine production restored and pro- 
lactin levels normalized’ if estradiol was removed. The 
effect of tamoxifen citrate in the present study there- 
fore may well be due to the blockade of estradiol action 
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at the hypothalamic level and a recovery of dopami- 
nergic function, although a direct effect of tamoxifen 
citrate may have modified the secretory function of 
the lactotropes to decrease prolactin, which in turn 
reestablished normal pulsatile luteinizing hormone— 
releasing hormone secretion from the higher neuronal 
center.” . 

To our best knowledge, this is the first report of 
successful induction of ovulation in a hyperprolactin- 
emic women with the use of tamoxifen citrate alone. 
Recently one study appeared in which patients with 
pituitary microadenoma were successfully treated with 
bromocriptine and tamoxifen citrate but treatment was 
required for a period of several months.’ Since our 
patient had only 2 months of amenorrhea with mod- 
erately elevated prolactin levels and responded to ta- 
moxifen citrate alone, it was suggested that the early 
pathogenic process of the disease might at least be re- 
lated to chronic estradiol output from the ovaries. In 
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fact estradiol levels in the present case (57.4 pg/ml) are 
compatible with those in the midfoilicular phase and 
not considered “hypoestrogenic.” . 

A shorter tamoxifen citrate regimen may lessen sub- 
sequent low ovarian progesterone output (luteal defect) 
and improve its use in a clinical practice. 
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Modulating actions of estradiol on gonadotropin-releasing 
hormone—stimulated prolactin secretion in 


postmenopausal individuals 


Elisabeth Christiansen, M.D., Johannes D. Veldhuis, M.D., Alan D. Rogol, M.D., Ph.D., 


Paul Stumpf, M.D., and William S. Evans, M.D. 
Charlottesville, Virginia, and Neptune, New Jersey - 


The temporal aspects of estrogen treatment on serum prolactin concentrations basally and in response to 
a 10 yg intravenous injection of gonadotropin-releasing hormone were assessed in eight postmenopausal 
women. The response of prolactin to gonadotropin-releasing hormone stimulation was compared with that 
of follicle-stimulating hormone and luteinizing hormone obtained simultaneously. Basal serum prolactin 
increased significantly (p < 0.001) in response to estrogen treatment, and a positive correlation was 
found between the serum concentrations of estradiol and prolactin (r? = 0. 266; p = 0. 0011). 
Gonadotropin- releasing hormone induced a significant increase in serum prolactin concentrations, which 
was greater after 5 to 10 days of estrogen’ treatment compared with that in the estrogen- depleted state 

(p = 0. 031). No correlation was found between gonadotropin-releasing hormone-stimulated prolactin and 
luteinizing hormone or follicle-stimulating hormone release. These data demonstrate that estrogen 
treatment of previously hypoestrogenemic postmenopausal women potentiates gonadotropin-releasing 
hormone-stimulated prolactin release. Furthermore, our data suggest that the previously’ described 
paracrine interaction between the gonadotropens and lactotropes exerted by gonadottopin-releasing 
hormone does not appear to be mediated via increased gonadotropin release. (Am J OBSTET GYNECOL 


138; 157:320- 5 
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Several lines of evidence suggest a strong relationship 
between prolactin secretion and the ambient concen- 
tration of estrogen. During the menstrual cycle, pro- 
lactin concentrations supposedly enhance coincident 
with relatively high circulating estrogen levels, such as 
just before the preovulatory luteinizing -hormone 
(LH) surge' and in the middle of the luteal phase.? In 
men** and in postmenopausal women*” increased basal 
circulating prolactin concentrations have been mea- 
sured during estrogen treatment and appear to be dose 
related. Moreover, recent studies in postmenopausal 
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women and women with normal cycles’’® and in 
men‘ have defined enhanced prolactin secretion af- 
ter gonadotropin-releasing hormone (GnRH) stimula- 
tion. However, the relationship between estrogen and 
GnRH-stimulated prolactin secretion remains contro- 
versial. Indeed, estrogens have been suggested to 
decrease,” increase,’ or have no effect® on GnRH- 
stimulated prolactin secretion. Although the mecha- 
nism by which GnRH influences prolactin release is 
unknown, evidence has recently been presented to 
suggest a paracrine action of the gonadotropes on 
the lactotropes,'' perhaps with follicle- stimulated hor- 
mone (FSH)-—enriched gonadoimopes mediating this 
process. ’° 

We recently reported the effects of estradiol 178, 
administered to postmenopausal women via a Silas- 
tic intravaginal ring on both circulating sex steroid 
concentrations” and on the stimulation of LH by 
GnRH." We have now extended the study to (1) eval- 
uate the temporal aspects of estrogen treatment on 
basal and GnRH-stimulated prolactin secretion in 
previously hypoestrogenic postmenopausal individuals 
and (2) examine the relationship between GnRH- 
stimulated gonadotropin and prolactin release in hy- 
poestrogenic and estrogen-treated postmenopausal 
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Fig. 1. Temporal profiles of serum prolactin concentrations 
(ngiml; +SEM) in postmenopausal women sampled at 15- 
minute intervals for 4 hours before estrogen treatment and 
on days 1, 5, 10, and 30 after intravaginal placement of a 
Silastic ring that contained 400 mg pure estradiol 17B. The 
first 2 hours of blood sampling represents basal conditions 
(8:00 to 10:00). A 10 ug intravenous bolus injection of GnRH 
was administered at 10:00 on each study day. 


women. To this end, serial serum concentrations of 
prolactin and gonadotropins were determined basally 
and after a bolus injection of GnRH. Studies were per- 
formed before and at intervals (1, 5, 10, and 30 days) 
during the administration of estrogen. 


Material and methods 

Subjects. Eight healthy postmenopausal women aged 
55 to 63 years (median 58 years) participated in the 
study, which was an extension of previously published 
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Fig. 2. Mean serum concentrations of prolactin before 
(day 0) and on days 1, 5, 10, and 30 of estradiol administration 
via an intravaginal Silastic ring. The 2-hour mean serum pro- 
lactin concentrations (ng/ml) are depicted for baseline condi- 
tions (top panel) and after GnRH stimulation (bottom panel). 
Differing labels (a, 6, c) denote significant differences within 
each graph by analysis of variance (p < 0.05). 


work."* No subject had been treated with estrogen for 
at least 5 weeks before the study. Each subject had 
normal hepatic, renal, and hematologic function, nor- 
mal thyroid hormone levels, and gonadotropin con- 
centrations in the postmenopausal range. Written in- 
formed consent, approved by the Human Investigation 
Committee at the University of Virginia, was obtained 
before initiation of these studies. 

Methods. Subjects were admitted to the Clinical Re- 
search Center at the University of Virginia on five oc- 
casions. During each admission blood samples were 
withdrawn at 15-minute intervals for 4 hours from 
8:00 AM to 12:00 noon, through an indwelling heparin- 
lock cannula that was inserted 1 hour before initiation 
of blood sampling. An intravenous bolus injection of 
10 ug GnRH (Factrel) was given at 10:00. Studies were 
undertaken basally (before estrogen treatment) and on 
days 1, 5, 10, and 30 of estradiol 178 replacement de- 
livered via an intravaginal Silastic ring that contained 
400 mg of estradiol 178.'?" 

Assays. All blood samples were assayed for prolactin 
in duplicate by radioimmunoassay as previously de- 
scribed.” Intraassay and interassay coefficients of vari- 
ation were 8.3% and 8.9% at 6.6 ng/ml and 8.4% and 
14.5% at 76.1 ng/ml. LH and FSH concentrations in 
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SERUM ESTRADIOL (PG/ML) 


Fig. 3. Mean baseline serum prolactin was significantly and 
positively correlated (r° = 0.266; p = 0.0011) with the cir- 
culating level of estradiol obtained in postmenopausal women 
before and during estradiol replacement. 


the blood samples have previously been reported.’* Se- 
rum estradiol was measured by specific radioimmu- 
noassay as described.’ 

Data analysis. The effects of estrogen on prolactin 
concentrations in different sessions (days 0, 1, 5, 10, 
and 30) were assessed by analysis of variance with Dun- 
can’s multiple range test. Comparison of prolactin se- 
cretion basally and in response to GnRH stimulation 
was made by paired Student’s ¢ test. Correlations be- 
tween serum estradiol and mean prolactin concentra- 
tions basally and in response to GnRH were sought by 
linear regression. Linear regression was also used to 
test for significant correlations between (1) mean in- 
crements in serum prolactin and the corresponding 
FSH, LH, and FSH/LH levels on each of the study 
days and (2) percent of maximal prolactin increments 
and percent of maximal FSH, LH, and FSH/LH in- 
crements. 


Results 


Serum estradiol. Before placement of the vaginal 
ring that contained estradiol, the mean serum estradiol 
concentration was 14.1 + 3.5 pg/ml + SEM. After the 
first 24 hours of estrogen treatment, this value in- 
creased significantly (p < 0.0001) to a maximum of 
340 + 44.2. Serum estradiol levels decreased gradually 
during the rest of the treatment period with concen- 
trations of 253 + 29.2 (day 5), 213 + 26.2 (day 10), 
and 158 + 24.5 (day 30), all of which were significantly 
elevated compared with levels before treatment (p = 
0.0001). 

Basal and GnRH-stimulated prolactin release and 
effect of estradiol. Fig. 1 shows the temporal profiles 
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Fig. 4. Mean serum prolactin concentrations (ng/ml) in the 
estrogen-depleted state (day 0) and on days 1, 5, 10, and 30 
of estrogen replacement in postmenopausal women. Blood 
samples were drawn every 15 minutes for 4 hours on each 
occasion. The first 2 hours represent basal conditions (line 
bars), and the last 2 hours represent after-intravenous admin- 
istration of 10 wg of GnRH (fence bars). 


of mean serum prolactin levels derived from eight post- 
menopausal women who had blood samples taken at 
15-minute intervals for 4 hours (beginning at 8:00) be- 
fore estrogen treatment (day 0) and on days 1, 5, 10, 
and 30 of estradiol administration. A GnRH bolus in- 
jection was given at 10:00 on each study day as indi- 
cated. 

Mean basal serum prolactin levels were obtained for 
the 2-hour intervals preceding administration of GnRH 
(8:00 to 10:00) for each of the five study sessions. As 
shown in the top panel of Fig. 2, basal serum prolactin 
concentrations increased significantly within 24 hours 
of estrogen treatment (p = 0.005). Although there was 
a trend toward an enhanced prolactin concentration on 
day 5, there were no significant differences between 
days 1, 5, and 10. By day 30 of estrogen treatment, the 
mean basal serum prolactin concentration was between 
the levels seen basally and on day 1. The circulating 
estradiol concentration was significantly and positively 
correlated (r? = 0.266; p = 0.0011) with mean basal 
serum prolactin levels during the entire time course 
(Fig. 3). | 

Mean levels of serum prolactin obtained after the 
GnRH bolus injection (10:15 to 12:00) on each of the 
5 days of the study are shown in the bottom panel of 
Fig. 2. Compared with levels obtained before treatment 
with estrogen, mean serum GnRH- stimulated prolactin 
levels increased significantly (p = 0. 027) after 24 hours 
of estrogen treatment, and this increase was followed 
by an additional increase by day 5 (p = 0.026). There 
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Table I. Mean increments above basal in prolactin, FSH, LH, and FSH/LH levels after GnRH stimulation 


Estrogen treatment 


Prolactin LH FSH 
(days) (ngimi) (miU/ml) (mIU/ml) 


FSH/LH 
0 4.6 + 1.7? 41.3 + 6.3 23.6 + 4.07 0.54 + 0.03? 
j 10.7 + 2,2 33.2 + 6.5 17.4 + 2.9? 0.54 + 0.04" 
5 19.3 + 5.4° 37.8 + 5,3* 20.6 + 2.53 0.56 + 0.04? 
10 17.1 + 4.2° 42.0 + 4.07 20.6 + 2.5? 0.48 + 0.03% 
30 8.4 + 2,77 21.6 + 4.6? 14.8 + 2.5? 0.74 + 0.05> 


All values are mean + SEM. Differing superscripts (a,b) denote significant differences (p < 0.05) within columns by analysis 


of variance. 


was no difference between GnRH-stimulated prolactin 
levels on days 5 and 10 or on days | and 10. By day 
30 of estrogen treatment, the prolactin response to 
GnRH was similar to that obtained before administra- 
tion of estrogen and that on day 1. A significant positive 
correlation was found between the ambient levels of 
serum estradiol and mean serum prolactin concentra- 
tions after GnRH stimulation (r? = 0.181; p = 0.0078; 
data not shown). 

Comparison of basal and GnRH-stimulated prolac- 
tin, LH, and FSH release. Administration of GnRH 
induced a significant increase in mean serum prolactin 
concentrations on all study days (Fig. 4). However, the 
mean prolactin increments above basal were signifi- 
cantly higher (p = 0.031) on days 5 and 10 of estro- 
gen treatment compared with those obtained in the 
estrogen-depleted state (Table I). Also shown in Ta- 
ble I are mean increments above basal in FSH, LH, and 
FSH/LH levels after administration of GnRH during 
each of the five study sessions. There was no significant 
difference in mean increments of FSH and LH among 
study days, but the FSH/LH level was higher on day 
30 of estrogen treatment than on any other study day. 
To compare the prolactin and gonadotropin release 
after administration of GnRH, linear regression anal- 
ysis was done between mean prolactin increments and 
the corresponding mean FSH, LH, and FSH/LH in- 
crements on individual study days. No significant cor- 
relations were obtained in either the estrogen-depleted 
state or during estrogen treatment. Likewise, we were 
unable to document any correlations between maximal 
percent of increments in serum prolactin concentra- 
tions and the corresponding FSH, LH, and FSH/LH 
levels (data not shown). 


Comment 


The present study confirms previous observations in 
postmenopausal women that administration of estro- 
gen is associated with an increase in basal serum pro- 
lactin concentrations® ’ and that GnRH stimulation 
can effect an increase in circulating prolactin in the 
estrogen-deprived woman.” ° In addition, we present 
evidence that administration of estrogen to postmeno- 


pausal women potentiates the prolactin response to 
GnRH stimulation without resulting in a parallel in- 
crease in gonadotropin release. 

After reaching maximal concentrations within 24 
hours after placement of the vaginal ring, serum es- 
tradiol levels decreased by day 5 of treatment, and 
throughout the rest of the treatment period they re- 
mained in the range typically observed during the late 
follicular phase of the menstrual cycle.’* ° The rise in 
circulating prolactin was prompt, increasing twofold 
after 24 hours of treatment and reaching a peak by 
day 5. Although we found a highly significant positive 
correlation between circulating concentrations of es- 
tradiol and prolactin, there appeared to be a time lag 
in the peak concentrations of the two hormones. Our 
results provide a detailed time course, which is in gen- 
eral agreement with the data obtained by Yen et al. in 
four hypogonadal women, and showed an almost four- 
fold increase in serum prolactin levels after 2 weeks 
of orally administered ethinyl estradiol (1yg/kg/day). 
Moreover, our results on day 10 of estradiol adminis- 
tration are consistent with those of Joseph et al.,” who 
recently described a threefold increment in circulating 
prolactin levels after 10 days of intramuscular admin- 
istration of estradiol benzoate (0.625 mg/day) in 10 
postmenopausal women. 

GnRH clearly stimulated prolactin secretion in the 
estrogen-depleted state. During estrogen treatment an 
enhanced prolactin response to GnRH was observed, 
which suggests that estrogen potentiates the prolactin- 
stimulating effect of GnRH. When Yen etal.* compared 
the effect of a GnRH agonist on circulating prolactin 
levels in hypogonadal women and in women at random 
stages of the menstrual cycle, no difference in the mag- 
nitude of prolactin response to the agonist was found 
between the two groups. In a later study Zhang and 
Yen?’ demonstrated that whereas a GnRH agonist elic- 
ited a significant increase in serum prolactin con- 
centrations in postmenopausal women, no prolactin- 
stimulating effect of the agonist was found in normal 
young men. More recently, Mais and Yen” described a 
significant prolactin increment after administration of 
GnRH (10 ug intravenously) in a group of hypergo- 
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nadotropic hypogonadal women. In contrast, two of 
seven women in the early follicular phase of the men- 
strual cycle had a small response, even though the cir- 
culating estradiol levels were similar in the two groups. 
Accordingly, it is possible that the differences in pro- 
lactin responsiveness to the administration of GnRH 
may be attributed to intrinsic modulating factors such 
as endogenous GnRH secretion or the prevailing levels 
of sex steroid hormones.” We found not only that ad- 
ministration of estrogen potentiates the prolactin re- 
sponse to GnRH stimulation but also that there is a 
significant positive correlation between the serum es- 
tradiol concentration and GnRH-stimulated prolactin 
release. A likely role for sex steroids as modulators of 
the prolactin response to GnRH is also supported by 
the findings of Barbarino et al., who administered es- 
trogen intramuscularly over a 9-day period to castrated 
and noncastrated men and measured the prolactin re- 
ponse to GnRH stimulation before and on the last day 
of treatment. No change in prolactin concentrations 
was noted in the absence of estrogen, whereas estrogen 
treatment induced a significant increase in the serum 
prolactin concentration, which was greater in the cas- 
trated than in the noncastrated men. 

Although the mechanisms subserving the estrogen- 
associated elevation in circulating levels of prolactin 
remain ill-defined, they may involve a direct effect on 
prolactin synthesis’ and/or lactotrope hyperplasia. 
Similarly, the process through which GnRH stimulates 
prolactin release is subject to conjecture. It has been 
suggested that GnRH may affect prolactin release 
through a central catecholaminergic mechanism” or via 
direct stimulation of pituitary lactotropes. However, 
one of the more intriguing mechanisms proposed ts 
that of a paracrine interaction between the gonado- 
tropes and the lactotropes." In vitro studies have dem- 
onstrated that gonadotropes secrete a substance or sub- 
stances with prolactin-releasing activity, the nature of 
which has yet to be determined.’ A role for LH 
a-subunit as a possible mediator in GnRH induction of 
lactotropes has been suggested by Begeot et al.” How- 
ever, more recent studies by Mais and Yen" have fo- 
cused on a population of FSH-enriched gonadotropes 
as putative generators of a paracrine action on lacto- 
tropes. They found a significant positive correlation 
between maximal percent of prolactin increments after 
administration of GnRH (10 pg intravenously) and the 
ratio of FSH to LH maximal percent of increments in 
six hypergonadotropic hypogonadal women. Our re- 
sults are at variance with this observation in that we 
were unable to demonstrate any correlation between 
prolactin and FSH to LH ratio with respect to mean 
increments or maximal percent of increments after a 
similar GnRH bolus injection in eight hypoestro- 
genic and estrogen-treated postmenopausal women 
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studied serially after estradiol replacement. In addition, 
we found no correlation between GnRH-stimulated 
mean prolactin increments and mean increments in 
FSH or LH, which suggests that neither FSH nor LH 
release per se mediates the effect on GnRH on lacto- 
tropes. Our findings are supported by in vitro culture 
studies by Denef,"’ in which FSH and LH did not di- 
rectly influence prolactin release. 
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Increased thromboxane biosynthesis in normal pregnancy 


is mainly derived from platelets 


D. J. Fitzgerald, M.B., G. Mayo, R.N., F. Catella, M.D., S. S. Entman, M.D., and 


G. A. FitzGerald, M.D. 
Nashville, Tennessee 


Thromboxane biosynthesis was determined in normal pregnant subjects by measurement of its major 
urinary and plasma metabolites, 2,3-dinor-thromboxane B, and 11-dehydro-thromboxane B,. Urinary 
2,3-dinor-thromboxane B, increased early in pregnancy (731 + 124 pg/mg creatinine) compared with 
nonpregnancy (<350 pg/mg creatinine; p < 0.001) and the postpartum period (155 + 42 pg/mg 
creatinine, p = 0.015) and remained elevated throughout gestation. Similarly, plasma and urinary 
}1-dehydro-thromboxane B, were increased in pregnancy. To determine the cellular origin of the increase 
in thromboxane biosynthesis in pregnancy, platelet cyclooxygenase was selectively inhibited with aspirin in 
a dose of 120 mg orally followed by 20 mg twice daily for 7 days {n = 4). Selectivity was confirmed by 
measurement of urinary 2,3-dinor-6-keto-prostaglandin F,,, an index of prostacyclin biosynthesis. 
Coincident with a 97% inhibition of serum thromboxane B,, urinary 2,3-dinor-thromboxane B, was almost 
completely inhibited and paralleled the recovery of platelet cyclooxygenase after withdrawal of aspirin. This 
study demonstrates that thromboxane biosynthesis is increased in pregnancy. The increase is mainly 
platelet derived and is consistent with increased platelet activation throughout pregnancy. (AM J OBSTET 


GYNECOL 1987;157:325-30.) 
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Platelet activation is enhanced in normal pregnancy 
as part of a generalized coagulopathy resulting in an 
increased risk of thrombosis.’ What mediates the in- 
crease in platelet activity in pregnancy is unknown. For- 
mation of thromboxane Ag, the major cyclooxygenase 
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product of arachidonic acid in platelets and a potent 
platelet aggregant,’ is reported to be increased in preg- 
nancy.” * A possible source of increased thromboxane 
formation in pregnancy is the placenta, which has been 
shown to generate thromboxane in vitro.” However, 
estimates of thromboxane formation in pregnancy have 
been based on measurement of plasma immunoreactive 
thromboxane B,, the hydrolysis product of thrombox- 
ane A». This approach is highly subject to both sampling 
and analytical artifact. If thromboxane biosynthesis is 
indeed increased during pregnancy, an alternative 
source might be the platelet, the predominant origin 
of thromboxane A, generation in nonpregnant indi- 
viduals.” We have previously demonstrated increased 
thromboxane formation in a number of conditions as- 
sociated with platelet activation, including severe ath- 
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erosclerosis and unstable angina.’ Platelet activation is 
also frequently associated with an increase in the for- 
mation of prostacyclin,® ° the major cyclooxygenase 
products of arachidonic acid in endothelium and a po- 
tent inhibitor of platelet aggregation.’® This increase in 
prostacyclin formation may represent a local compen- 
satory mechanism by vascular endothelium to platelet 
activation. We have previously reported an increase in 
prostacyclin formation in normal pregnancy." Al- 
though prostacyclin can be generated by the placenta,’ 
the source of the increment in prostacyclin biosynthesis 
during pregnancy is uncertain. It is possible that it rep- 
resents a vascular response to platelet activation. 

In the present study we prospectively determined 
thromboxane A, biosynthesis in normal pregnancy 
by measurement of its major urinary enzymatic me- 
tabolites, 2,3-dinor-thromboxane B. and 11-dehydro- 
thromboxane Ba‘ and by measurement of its most 
abundant plasma metabolite, 11-dehydro-thrombox- 
ane B,. Measurement of these metabolites avoids the 
problems of invasive sampling.® ' Furthermore, the 
physicochemical methods that we used are highly sen- 
sitive and specific and avoid the analytic errors inherent 
in assays based on immunologic measurements.° To ad- 
dress the cellular origin of thromboxane biosynthesis 
during pregnancy we used selective inhibition of plate- 
let cyclooxygenase. 


Methods 


The study group consisted of pregnant subjects at- 
tending the obstetrics clinic at Vanderbilt University 
prior to 20 weeks’ gestation. All subjects gave informed 
written consent and the study was approved by the 
Committee for the Protection of Human Subjects at 
Vanderbilt University. All subjects were healthy at the 
time of admission into the study. Patients with a pre- 
vious history of diabetes or renal disease were excluded. 
All subjects were asked to refrain from taking any med- 
ications during the study, in particular, aspirin or 


other nonsteroidal anti-inflammatory drugs. Patients — 


attended the clinic at 2- to 4-week intervals. At each 
visit urine was analyzed for protein (Dipstick) and blood 
pressure was recorded in the sitting position using a 
standard mercury sphygmomanometer, with phase V 
of the Korotkoff sounds being recorded as the diastolic 
end point. Patients were excluded if they developed 
hypertension, diabetes, or intrauterine growth retar- 
dation. Collections of 24-hour urine samples were 
made at <20 weeks, at 20 to 28 weeks, at 28 weeks to 
term, and after 6 weeks post partum for determination 
of the urinary thromboxane metabolite 2,3-dinor- 
thromboxane B,. Samples from the last trimester and 
the postpartum period were also analyzed for urinary 
11-dehydro-thromboxane B,. In a.subset of patients 
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blood was withdrawn in the third trimester with an 
18-gauge needle in a syringe containing heparin, 100 
units/ml, for determination of plasma 11-dehydro- 
thromboxane B, the most abundant metabolite of 
thromboxane B, in plasma. 

To determine the major source of thromboxane A, 
biosynthesis in pregnancy, aspirin was administered 
orally in a loading dose of 120 mg followed by 20 mg 
twice daily for 7 days at 32 to 36 weeks’ gestation 
in four normotensive pregnant women. Excretion 
of 2,3-dinor-thromboxane B, and 2,3-dinor-6-keto- 
prostaglandin F,, was determined in 24-hour urine 
samples before and during drug administration and 
during the 7-day period after withdrawal of aspirin. 
Similarly, serum thromboxane B, was determined in 
peripheral venous samples before and during aspirin 
administration and after drug withdrawal. 

Biochemical analysis. Urine was analyzed for 
2,3-dinor-thromboxane B, ‘and 2,3-dinor-6-keto- 
prostaglandin F,, by combined gas chromatography- 
negative ion chemical ionization—mass spectrometry 
with their tetradeuterated isotopes used as inter- 
nal standards. For determination of 2,3-dinor-6-keto- 
prostaglandin F,,, 5 ng of tetradeuterated standard was 
added to a 5 mi aliquot of urine and the sample was 
stored at — 20° C until it was analyzed. After extraction 
and back extraction under alkaline and acidic condi- 
tions, the sample was derivatized as the methoxime, 
pentafluorobenzy] ester. After further purification on 
silica gel thin-layer chromatography platelets (What- 
man Chemical Separation Inc., Clifton, New Jersey) 
derivatization was completed by formation of the tri- 
methylsilyl ether derivative. Quantitation was accom- 
plished by stable isotope dilution with a Hewlett Pack- 
ard 5980 instrument operated in the negative ion 
mode, monitoring m/z 586 for endogenous 2,3- 
dinor-6-keto-prostaglandin F,, and m/z 590 for the 
deuterium-labeled internal standard. For determina- 
tion of 2,3-dinor-thromboxane B,, 7.25 ng of internal 
standard was added to a 5 ml aliquot of urine and the 
sample was derivatized as the methoxime derivative. 
After extraction by bonded-phase phenyl boronic acid 
column and further purification by C-18 Sep-Pak 
(Waters Associates, Milford, Massachusetts) and thin- 
layer chromatography the sample was derivatized as 
the methoxime, pentafluorobenzy] ester. Derivatization 
was completed after further thin-layer chromatogra- 
phy by formation of the trimethysilyl ether. Analysis 
was by gas chromatography—negative ion chemical 
ionization—mass spectrometry with the use of a cap- 
illary column interfaced with a Nermag R10-10C 
and monitoring m/z 586.5 for endogenous 2,3-dinor- 
thromboxane B, and m/z 590.5 for the tetradeuterated 
internal standard. Repeat measurements of 2,3-dinor- 
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Fig. 1. Urinary excretion of 2,3-dinor-thromboxane Be (TxB,) 
in pregnant subjects (n = 18) throughout gestation compared 
with nonpregnant subjects (p < 0.001). The hatched line rep- 
resents the upper limit of normal (95% upper confidence limit) 
in normal nonpregnant women. 


thromboxane B, in 24-hour urine samples collected 
over five successive days in four pregnant subjects 
showed good day-to-day reproducibility with a coeffi- 
cient of variation of 23% + 9%. 

Plasma was analyzed for 11-dehydro-thromboxane 
B, according to methods similar to those used for de- 
termining urinary metabolites.” Briefly, 5 ng of deu- 
terated internal standard was added to 10 ml of plasma. 
After acidification, the sample: was extracted by C-18 
Sep-Pak, eluted with ethyl acetate and further purified 
by thin-layer chromatography. The sample was deriy- 
atized as the pentafluoroberizyl ester and after a further 
thin-layer ‘chromatography step derivatization was 
completed by trimethylsilylation. Quantitation was as 
for 2,3-dinor-thromboxane B, monitoring m/z 511 for 
endogenous 1 1-dehydro-thromboxane B, and m/z 515 
for the tetradeuterated internal standard. 

Serum thromboxane B, was determined by a modi- 
fication of the method of Fitzpatrick et al." after in- 
cubation of 3 ml of whole blood i in a glass test tube at 
37° C for 45 minutes. 

Statistical analysis. All data are anes as the 
mean + SEM. The data were analyzed by Kruskal- 
Wallis analysis of variance and subsequent comparison 
between groups was performed by the Wilcoxon rank- 
sum test for paired and unpaired:data as appropriate. 
These are nonparametric tests that avoid assumptions 
as to the distribution of the data. 


Results 


Eighteen patients, seven black and 11 white, with a 
mean age of 22.3 + 1.0 years were prospectively stud- 
ied throughout gestation. Nine of our subjects were 
primigravid. All of our subjects remained normotensive 
and had normal deliveries with a mean birth weight of 
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Fig. 2. Comparison of urinary 2,3-dinor-thromboxane B, 
(Dinor TxB,) (n = 6; p = 0.015) and 1l- -dehydro-thrombox- 
ane B, (I1-Dehydro-TxB2) (n = 7; p = 0.029) i in the last trimes- 
ter and in the postpartum period. 


7.17 + 0.3 pounds. Urinary 2,3-dinor-thromboxane B, 
was increased at less than 20 weeks (731 + 124 pg/mg 
of creatinine) and remained elevated throughout preg- 
nancy (714 + 81 and 726 + 104 pg/mg of creatinine, 
respectively, at 20 to 28 weeks and 28 weeks to term) 
when compared with normal nonpregnant levels (<350 
pg/mg of creatinine; p < 0.001, Fig. 1) or with levels 
in the postpartum period (155 + 42 pg/mg of creati- 
nine; p = 0.015, Fig. 2). In addition to an increase in 
2,3-dinor-thromboxane B, urinary excretion of 11- 


-dehydro-thromboxane B, was increased in all but 


one pregnant subject studied in the third trimester 
(440 + 67 pg/mg creatinine) when compared with the 
lével found in urine collected at more than 6 weeks post 
partum (233 + 59 pg/mg of creatininé; p = 0.029, 
Fig. 2). Consistent with this observation, plasma ll- 
dehydro-thromboxane B, was increased in the third 
trimester when compared with levels found in non- 
pregnant normal subjects (3.2 + 0.76 versus Lo 
0.16 pg/ml; p = 0.016, Fig. 3). 

Administration of aspirin was associated with a 
marked reduction in serum thromboxane Ba, the peak 
effect occurring on. day 7 with a mean inhibition of 
97% from pretreatment levels (Fig. 4). Withdrawal of 
aspirin resulted in the gradual recovery of platelet cy- 
clooxygenase with a mean inhibition of only 13% of 
serum thromboxane B, by 7 days after withdrawal. 
Consistent with the platelet being the major source of 
thromboxane biosynthesis in vivo in these subjects, 
urinary 2,3-dinor-thromboxane B, followed a similar 
pattern, with a mean inhibition of 94% by day 7 of 
aspirin therapy and a gradual recovery after aspirin 
withdrawal (Fig. 4). Excretion of 2,3-dinor-6-keto- 
prostaglandin F; was increased (mean and range, 1564 
and 531 to 3505 pg/mg of creatinine) in all four subjects 
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Fig. 3. Comparison of plasma i ]-dehydro-thromboxane Be 
(11-Dehydro-TxB,) in pregnant (n = 4) and nonpregnant 
(n = 5; p = 0.016) subjects. 


when compared with nonpregnant levels (<220 pg/mg 
creatinine), as is seen in normal pregnancy. Adminis- 
tration of aspirin resulted in a mean inhibition of 
15% of urinary 2,3-dinor-6-keto-prostaglandin Fia by 
day 5 and a mean inhibition of 40% by day 7 of therapy. 
These changes did not, however, achieve statistical sig- 
nificance. . 


Comment 


These studies demonstrate an increase in urinary 
2,3-dinor-thromboxane B, in normal pregnant sub- 
jects that occurs early in and persists throughout ges- 
tation. Previous studies demonstrate that 2,3-dinor- 
thromboxane B, is a major urinary metabolite of 
thromboxane B,, the nonenzymatic hydrolysis product 
of thromboxane A.. Thus these findings suggest that 
thromboxane biosynthesis is increased in normal preg- 
nancy. To address the possibility that the increased ex- 
cretion of 2,3-dinor-thromboxane B, reflected prefer- 
ential metabolism of thromboxane B, to this metabolite 
in pregnancy and not an increase in thromboxane 
formation, we measured excretion of 11-dehydro- 
thromboxane B,, which represents a second major 
pathway of thromboxane B, enzymatic metabolism." 
Consistent with the urinary 2,3-dinor-thromboxane B, 
data, excretion of l 1-dehydro-thromboxane B, was in- 
creased in pregnant subjects compared with the levels 
found post partum. Another possible mechanism for 
the increase in urinary thromboxane metabolites is an 
increase in renal clearance during pregnancy. For this 
reason the data were corrected for urinary creatinine. 
In addition, plasma 11-dehydro-thromboxane B, was 
also increased in pregnancy, which demonstrates that 
the increase in urinary metabolites reflected increased 
formation and not simply an increase in their renal 
clearance. In any event, at steady state, urinary excre- 
tion of thromboxane B, metabolites will equal their gen- 
eration and will be independent of renal function. Thus 
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Fig. 4. Excretion of urinary 2,3-dinor-thromboxane B, 
(2,3-Dinor-TxB,), 2,3-dinor-prostaglandin F,, (2,3-Dinor-6-keto- 
PGF,,) and serum thromboxane B, (Serum TxB,) in normal 
pregnant subjects (n = 4} before, during, and after admin- 
istration of 120 mg of aspirin orally followed by 20 mg twice 
daily for 7 days. 


the increase in 2,3-dinor-thromboxane B. excretion in 
our subjects reflected an increase in thromboxane bio- 
synthesis in pregnancy and not an alteration in throm- 
boxane B, metabolism or renal function. 

In nonpregnant subjects, the major source of urinary 
2,3-dinor-thromboxane B, is platelet-derived throm- 
boxane.’ Thus selective inhibition of platelet cycloox- 
ygenase results in a marked reduction in urinary 2,3- 
dinor-thromboxane B, excretion.’ Similar studies sug- 
gest that 11-dehydro-thromboxane B, in urine is also 
mainly derived from platelet thromboxane (Catella F, 
FitzGerald GA, unpublished data). It has been sug- 
gested that the placenta forms thromboxane and that 
this may play a role in modulating umbilical blood flow.’ 
Thus the increase in thromboxane formation in preg- 


nancy may be partly derived from the placenta. To 


determine the predominant source of the increment in 
thromboxane formation in pregnancy we examined 
thromboxane metabolite excretion after administration 
of a low-dose aspirin regimen that would selectively 
inhibit platelet cyclooxygenase. Inhibition of platelet 
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cyclooxygenase was monitored by determination of se- 
rum thromboxane B,, a measure of the capacity of 
platelets to generate thromboxane A,. After 5 days of 
treatment, serum thromboxane B, was almost com- 
pletely inhibited. Coincident with the inhibition of 
platelet cyclooxygenase, there was a marked reduction 
in 2,3-dinor-thromboxane B, excretion. That this re- 
flected inhibition of platelet cyclooxygenase was sup- 
ported by two additional findings. First, excretion 
of 2,3-dinor-6-keto-prostaglandin F,,, the major uri- 
nary metabolite of prostacyclin,® was inhibited mini- 
mally and only transiently. Urinary 2,3-dinor-6-keto- 
prostaglandin F,, is increased in normal pregnancy, 
which reflects an increase in prostacyclin biosynthesis" 
and is an index of tissue cyclooxygenase activity. Thus 
this dose of aspirin appears to be relatively selective for 
platelet cyclooxygenase. Second, the recovery of 2,3- 
dinor-thromboxane B, excretion paralleled the recov- 
ery of platelet cyclooxygenase. Aspirin irreversibly in- 
hibits the cyclooxygenase enzyme so that recovery is 
dependent on the formation of new enzyme." Tissue 
cyclooxygenase recovers rapidly through formation of 
new protein. However, the anucleate platelet cannot 
generate new enzyme so that recovery of platelet cy- 
clooxygenase and therefore of serum thromboxane B, 
is dependent on the generation of new platelets. Since 
platelets have a half-life of about 5 days, serum throm- 
boxane B, increases gradually after aspirin withdrawal, 
returning to normal at about 10 days.” Thus the de- 
layed recovery of urinary 2,3-dinor-thromboxane B, 
after aspirin withdrawal in our subjects is consistent 
with the platelet being the major source of the increase 
in thromboxane biosynthesis in pregnancy. 

We have demonstrated previously that thromboxane 
biosynthesis is increased in conditions associated with 
platelet activation.’ Although some studies have sug- 
gested that platelet function is normal in uncomplicated 
pregnancy," others have reported changes consistent 
with in vivo platelet activauon.' Thus circulating plate- 
let aggregates are increased’? and plasma levels of the 
platelet granule constituent 6-thromboglobulin are el- 
evated.”* In addition, recovery of platelet cyclooxygen- 
ase activity after a single dose of aspirin is slightly 
accelerated”’ and platelet volume is increased,” both of 
which are consistent with increased platelet turnover. 
Studies of ex vivo platelet function in pregnancy dem- 
onstrate hypoaggregability suggesting that platelets 
have been partially activated in vivo.' Thus the increase 
in thromboxane biosynthesis in pregnancy probably re- 
fiects increased platelet activation. As in other condi- 
tions in which there is platelet activation,’ prostacyclin 
formation is increased in pregnancy. However, it is un- 
likely that this is due mainly to platelet activation since 
the increase in prostacyclin formation far exceeds the 
increase in thromboxane. Certainly, thromboxane- 
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dependent platelet activation is unlikely to represent a 
major stimulus as prostacyclin biosynthesis is unaltered 
by selective inhibition of platelet cyclooxygenase by low- 
dose aspirin. ee: 

Previous studies have reported thromboxane for- 
mation to be increased, unchanged; or decreased in 
pregnancy.** The difference between studies may in 
part reflect the analytic approaches that were used. A 
major difference between this and previous studies is 
that thromboxane biosynthesis was determined non- 
invasively with the use of methods that avoid sampling 
and analytic errors. In many studies thromboxane fot- 
mation is determined by measurement of thromboxane 
B; in plasma.** However, the capacity of platelets to 
generate thromboxane exceeds by orders of magnitude 
the amount present in plasma. Therefore even minor 
degrees of platelet activation during sampling will in- 
duce formation of thromboxane .A, and its nonenzy- 
matic hydrolysis to thromboxane B,. This will result in 
artifactually high levels of thromboxane B, which will 
obscure smaller physiologic changes.’ Measurement of 
plasma and urinary enzymatic metabolites minimizes 
this sampling artifact.* * A second major source of er- 
ror is the use of immunologic assays to medsure pros- 
tanoids in the low picogram per milliliter range in bi- 
ologic fluids. Cross-reactivity of the antibodies can give 
spurious results when one is attempting to measure 
minute concentrations in such systems, frequently over- 
estimating what is present and obscuring changes in 
the prostanoid of interest.® In this study, urinary and 
plasma thromboxane metabolites were determined by 
direct physicochemical methods that avoid these ana- 
lytic errors. 

The role of the increase in thromboxane biosynthesis 
in modulating platelet activity in pregnancy is un- 
known. However, accelerated platelet activation pre- 
cedes the development of pregnancy-induced hyper- 
tension.” In addition, Wallenburg et al.” and Beaufils 
et al. have demonstrated that chronic inhibition of 
thromboxane formation with aspirin prevents the de- 
velopment of the disease and limits its sequelae. To- 
gether, these findings suggest a pathophysiologic role 
for thromboxane and platelet activation in the devel- 
opment of pregnancy-induced hypertension. In addi- 
tion we have previously demonstrated that prostacyclin 
biosynthesis fails to increase normally in pregnant sub- 
jects who subsequently develop pregnancy-induced hy- 
pertension."’ Thus the normal increase in prostacyclin 
formation that occurs in pregnancy may play a role in 
limiting platelet activation. It may be important if as- 
pirin is to be of value in the prevention of pregnancy- 
induced hypertension to use a dose that inhibits platelet 
thromboxane formation but preserves the ability to 
generate prostacyclin. Although the dose of aspirin 
used by Wallenburg et al.** (60 mg) should be relatively 
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platelet selective, the effectiveness of this dose in in- 
hibiting thromboxane formation and preserving pros- 
tacyclin biosynthesis was not assessed. Our studies sug- 
gest that an even smaller dose of aspirin will result in 
virtually complete inhibition of platelet cyclooxygenase 
while prostacyclin biosynthesis is maintained. 


In conchision, thromboxane biosynthesis is increased 


in pregnancy. The increase in thromboxane A, for- 
mation is mainly derived from- platèlets and is consistent 
with increased platelet activation throughout normal 


pregnancy. 


10. 
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Preeclampsia, delivery, and the hemostatic system 


Abdelaziz A. Saleh, M.D., Ph.D., Sidney F. Bottoms, M.D., Robert A. Welch, M.D., 
Abdelkarim M. Ali, M.D., Federico G. Mariona, M.D., and Eberhard F. Mammen, M.D. 


Detroit, Michigan 


To determine the effects of preeclampsia and delivery, the hemostatic system was evaluated before and 
24 to 48 hours after delivery in 59 nulliparous patients without clinical signs of disseminated intravascular 
coagulation. Fifteen patients with mild preeclampsia and 18 with severe preeclampsia were compared with 
26 pregnant control patients. Preeclampsia was associated with high fibronectin (p < 0.001}, low 
antithrombin tl {p < 0.001), and low a,-antiplasmin {p < 0.005), suggesting endothelial injury, clotting, and 
fibrinolysis, respectively. After delivery, fibronectin decreased only in preeclamptic patients (p < 0.005); 
a,-antiplasmin increased in all groups (p < 0.001). Endothelial injury in preeclampsia appeared to resolve 
soon after delivery, which could contribute to the rapid clinical improvement noted in the early puerperium. 


(Am J Osstet GynecoL 1987;157:331-6.) 


Key words: Preeclampsia, delivery, hemostatic system, fibronectin, antithrombin, antiplasmin 


Recent advances in coagulation research have facil- 
itated a better general understanding of the hemostatic 
system. The use of new techniques in the study of pre- 
eclampsia is of particular interest, since the cause of 
the occasionally associated disseminated intravascular 
coagulation (DIC) is unclear. However, pregnancy 
and delivery normally alter hemostasis, potentially con- 
founding studies of preeclampsia. 

There have been some studies with new markers for 
endothelial injury, clotting, and fibrinolysis to charac- 
terize hemostasis in pregnancy and/or preeclampsia. 
Fibronectin, a suggested marker for endothelial dam- 
age, is reported to be increased in preeclampsia.’ Anti- 
thrombin III appears to be reduced in preeclampsia, 
which suggests enhanced clotting.” * a,-Antiplasmin de- 
termined by immunoassay is reported to be similar in 
normal pregnancy and preeclampsia, which suggests 
no increase in fibrinolysis.’ 

However, many questions regarding these new assays 
and hemostasis in pregnancy and/or preeclampsia re- 
main unanswered. It is unclear from previous studies 
whether fibrin monomer, a marker for clotting, is un- 
changed or increased.” Assays of a,-antiplasmin activ- 
ity, more representative of biologic function than im- 
munoassays, have not been used in pregnancy or pre- 
eclampsia. Likewise, D-dimer, which indicates the lysis 
of fibrin clots, has not been reported. With the excep- 
tion of antithrombin III, modern coagulation technol- 
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ogy has not been applied to determine the effect of 
delivery on hemostasis in normal pregnancy. Although 
delivery appears to be therapeutic for DIC associated 
with preeclampsia, none of the newer markers has been 
used to better understand this beneficial effect. At- 
tempts to grasp the overall picture of hemostasis in 
pregnancy and preeclampsia are further hampered by 
the lack of studies that comprehensively evaluate the 
elements of hemostasis, such as platelets, endothelial 
injury, clotting, and fibrinolysis. Studies with new mark- 
ers have rarely provided older assays, such as platelet 
count, fibrinogen, and fibrin(ogen) split products, to 
facilitate integration of new information into previously 
established models. 

The purpose of this study is to apply recent advances 
in coagulation technology to comprehensively evaluate 
the effects of preeclampsia and delivery on hemostasis, 
while providing older assays for comparison. 


Patients and methods 


A total of 59 nulliparous patients, 33 with preeclamp- . 
sia and 26 control patients of comparable gestational 
age were studied. Patients were chosen to exclude those 
with chronic hypertension, renal disease, abruptio pla- 
centae, chorioamnionitis, diabetes mellitus, multiple 
gestation, and other major medical and/or obstetric 
risks, except preeclampsia and preterm labor. The 
study was limited to patients without clinical signs of 
DIC; all cases with a bleeding diathesis, a platelet count 
<100,000/mm’%, a fibrinogen <100 mg/dl, an abnor- 
mally prolonged prothrombin time, or an abnormally 
prolonged partial thromboplastin time were excluded. 
During recruitment, investigators were contacted only 


when patients agreed to participate; the number who“ ~- . 

7 . ý E z g EAT a ` 
refused is not available. All patients indicated informed. 3 - . ~ 
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Table I. Methods used for coagulation assays 
Reference 


Assay Method No. 


Platelet count and volume Automated platelet analyzer* 8 
Fibronectin Nephelometry,f Boehringer Mannheim (Houston, Tex.) 9 
biochemica kits 
Fibrinogen Turbidimetry,} Pacific Hemostasis Laboratories (Ventura, Calif.) kits 8 
Antithrombin III Chromogenic substrate (Kabi §-2238)} ` 8 
Fibrin monomer Protamine sulfate, Dade Data Fi kits 8 
a,-Anuplasmin | Chromogenic substrate (Kabi S-2251)t 8 
Fibrin(ogen) split products Latex agglutination, Dade Data Fi kits 8 
b-Dimer Latex agglutination, American Diagnostics (Greenwich, Conn.) kits 10 
*Baker Series 810. 
tMultistat III centrifugal analyzer. 
Table IIA. Clinical characteristics reported as mean (SD) of patients in labor 
Preeclampsia. None N = 20 Mild N = 11 Severe N = 13 
Maternal age (yr) 22 20 (3) 20 (5) 
Systolic blood pressure (mm Hg) 118 152 (20) 171 (13) 
Diastolic blood pressure (mm Hg) 73 100 (9) 110 (6) 
Proteinuria* 0 0.8 (0.6) l.l (1.4) 
Gestational age (wk) 39 39 (2) 38 (2) 
Birth weight (gm) 3100 3120 (620) 3000 (510) 
*Semiquantitative dipstick recorded as 0 to 4+. 
Table IIB. Clinical characteristics reported as mean (SD) of patients not in labor 
Preeclampsia Mild N= 4 Seuere N= 5 
Maternal age (yr) 22 (2) 25 (6) 21 (5) 
Systolic blood pressure (mm Hg) 108 (8) 155 (13) 178 (21) 
Diastolic blood pressure (mm Hg) 63 (3) 100 (8) 109  {10) 
Proteinuria” 0 (0) i (0.8) 22 U3) 
Gestational age (wk) 38 (3) 39 (1) 34 (5) 
Birth weight (gm) 2670 (690) 2820 (350) 1830 (970) 


*Semiquantitative dipstick recorded as 0 to 4+. 


consent on a form approved by the Human and Animal 
Investigation Committee of Wayne State University. 
Study and control patients were predominantly black 
and were indigent. Of the 59 gravidas, 15 had mild 
preeclampsia, 18 had severe preeclampsia, 44 were in 
labor, and 15 were not in labor. The criteria used to 
diagnose preeclampsia were those adopted by The 
American College of Obstetricians and Gynecologists.’ 

With a syringe that had a 21-gauge or larger butterfly 
needle, blood was obtained by venipuncture before de- 
livery and 24 to 48 hours after delivery and was trans- 
ferred into blood collection tubes (Becton Dickinson 
Vacutainer Systems, Rutherford, New Jersey). The first 
3 ml of blood were placed in an ethylenediaminetetra- 
acetic acid (EDTA) tube and used to measure platelet 
count and mean platelet volume. The next 9 ml of 
blood were drawn into a second syringe and transferred 
in equal volumes into a tube containing 0.5 ml of 3.2% 


sodium citrate and a second tube containing EDTA and 
aprotinin. Fibronectin was assayed in plasma from the 
second tube; all other assays were done on citrated 
plasma. Both tubes were centrifuged at 3000 x g 
for 30 minutes. Plasma was stored in small aliquots at 
~ 70° C for future analysis. The methods used for co- 
agulation assays are outlined in Table I, and have been 
described in detail in previous publications.®”® Protein- 
uria was determined qualitatively (0 to 4+) with 
dipsticks. 

Multivariate analysis of the covariance was used to 
evaluate the effects of preeclampsia, delivery, and their 
interaction on the various laboratory parameters of he- 
mostasis. as well as the possibility of confounding fac- 
tors related to labor or gestational age. Patients not in 
labor were believed to represent a different group from 
those in labor and were analyzed accordingly. Gesta- 
tional age was analyzed as a covariate. Race and socio- 
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Table III. Parameters of hemostasis* for patients in labor reported as mean (SD) 


Preeclampsia 
None (N = 20) Mild (N = 11) Severe (N = 13) 
Oor d oa J zk | a | B | a 
Platelet count 220 (52) 233 (48) 248 (112) 238 (76) 250 (12) 227 (79) 
Platelet volume 8.5 (LD 8.6 (0.8) 8.9 (2.1) 8.7 (2.0) 8.6 (0.8) 8.1 (0.8) 
Fibronectin 251 (109) 261 (76) 359 (140) 282 (65) 399 (139) 279 (47) 
Fibrinogen 549 (121) 604 (127) 602 (137) 566 (148) 642 (145) 630 (165) 
Antithrombin III 97 (10) 99 (12) 94 (13) 96 (11) 94 (l1) 89 (12) 
Fibrin monomer 80 (41) 65 (49) 100 (0.0) 73 (47) 83 (37) 60 (50) 
a,-Antiplasmin 89 (16) 105 (19) 82 (12) 94 (19) 80 (17) 102 (17) 
Fibrin(ogen) split products 28 (3I) 59 (90) 71 (76) 35 (38) 91 (100) 36 (48) 
D-Dimer 0 (0) 10 (45) 55 (25) 27 (47) 38 (65) 46 (77) 


B = Before delivery; A = after delivery. 


*Units are as follows: platelet count, thousands per cubic millimeter; platelet volume, cubic microns; fibronectin and fibrin(ogen) 
split products; antithrombin JH and a,-antiplasmin, percent of normal; fibrin monomer and D-dimer, percent of patients with 
detectable levels. 


Table IV. Parameters of hemostasis for patients not in labor reported as mean (SD) 
Preeclampsia 


None (N = 6) Mild (N = 4) Severe (N = 5) 


Platelet count 215 (36) 229 (42) 204 (53) 219 (38) 163 (69) 133 (66) 
Platelet volume 8.3 (0.5) 81 (1.1) 92 (1.0) 9.0 (1.0) 94 (0.7) 9.1 (1.0) 
Fibronectin 254 (54) 294 (47) 443 (87) 274 (51) 527 (104) 316 (83) 
Fibrinogen 617 (160) 672 (163) 603 (100) 638 (243) 524 (240) 613 (191) 
Antithrombin III 100 (10) 100 (13) 79 (13) 87 (10) 79 (5) 76 (4) 
Fibrin monomer 67 (52) 100 (0) 100 (© 50 (58) 100 (0) 60 (55) 
«,-Antiplasmin . 97° (7) 07 (YD 71 (8) I0 (14) 84 (12) 95 (12) 
Fibrin(ogen) split products 88 (94) 80 (55) 75 (40) 40 (30) 73 (44) 184 (112) 
p-Dimer 0 (0) 33 (52) 25 (50) 25 (50) 40 (55) 80 (84) 


See Table III for explanations. 


Table V. Multivariate analysis of covariance of changes in hemostasis associated with preeclampsia, 
delivery, and their interaction (Le., effects of delivery specific for preeclampsia) 


Overall p < 0.601 p< 0.001 p < 0.05 
Platelet count NS NS NS 
Platelet volume NS {p < 0.05) NS 
Fibronectin p < 0.001 p < 0.001 p < 0.005 
Fibrinogen NS NS NS 
Antithrombin II] | p < 0.001 NS (p < 0.05) 
Fibrin moncmer NS ` (p = 0.05) NS 
a,-Antiplasmin p < 0.005 p < 0.001 NS 
Fibrin(ogen) split products NS NS NS 
D-Dimer NS NS NS 


NS = Not significant. 


economic status were not considered as confounding the overall pattern of all nine parameters of hemostasis 
variables. The incidence of preeclampsia varies with were considered significant for p < 0.05. In view of the 
these factors; controlling for them could result in un- multiple comparisons made in this study, effects on 
derestimating the effect of preeclampsia. Equal weight individual coagulation tests were considered significant 
was given to each cell in the analysis to avoid biases in for p < 0.01, and comparisons between individual cells 


detecting effects related only to sample size. Effects on were not made. 
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Fig. 1. A model for the effects of pregnancy-induced hypertension (preeclampsia) on the hemostatic 
system. Note the central role of endothelial injury. LMW peptides refers to low molecular weight 


fibrinolytic peptides; FM refers to fibrin monomer. 


Results 


The clinical characteristics described in Tables IIA 
and JIB are stratified according to the severity of pre- 
eclampsia and the presence of labor at the time of initial 
coagulation tests. The clinical changes associated with 
preeclampsia (hypertension, proteinuria, earlier ges- 
tational age, and lower birth weight) appeared to be 
more pronounced among patients recruited for the 
study before the onset of labor. Consequently, results 
stratified for preeclampsia and delivery (before or af- 


ter) are reported separately for patients in labor (Ta- - 


ble III) and those not in labor (Table IV). 

Statistical analysis of the changes in hemostasis as- 
sociated with preeclampsia, delivery, and their inter- 
action is presented in Table V; potential confounding 
factors will be considered later. The interaction terms 
in this analysis can be interpreted as a measure of how 


the effect of delivery varies according to the presence 
and severity of preeclampsia. The overall terms can be 
interpreted as testing whether preeclampsia, delivery, 
or their interaction has a global effect on hemostasis, 
as represented by all of the laboratory parameters. Be- 
cause all three overall terms were significant, the effects 
of preeclampsia, delivery, and their interaction on in- 
dividual laboratory tests are considered in detail. 
Preeclampsia was associated with an increase in 
fibronectin and decreases in antithrombin III and 
a,-antiplasmin. Delivery was associated with a decrease 
in fibronectin and an increase in o,-antiplasmin. Trends 
for mean platelet volume and fibrin monomer to de- 
crease after delivery did not attain statistical signifi- 
cance. Decreases in fibronectin after delivery varied 
significantly according to the presence and severity of 
preeclampsia. Little change was noted in the normal 
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group, but progressively larger decreases were noted 
with mild and severe preeclampsia. 

In addition to the summary presented in Table V, 
statistical evaluation included analysis for confounding 
variables related to gestational age and recruitment be- 
fore labor. The parameters of hemostasis were not sig- 
nificantly correlated with gestational age in the 28- to 
43-week range of this study (p >-0.05 for each. param- 
eter). Patients not in labor had similar overall coagu- 
lation profiles but had lower antithrombin III (p < 
0.01), a change limited to preeclamptic patients. No 
significant interaction of recruitment before labor with 
preeclampsia or delivery was apparent for either over- 
all coagulation profilés or individual parameters of 
hemostasis. 


Comment 


Taken as a whole these findings suggest that vascular 
endothelial injury plays a central role in the hemostatic 
changes associated with preeclampsia. When compar- 
irig markers of endothelial injury, clotting, and fibri- 
nolysis, fibronectin exhibited the most pronounced 
changes with preeclampsia. The clinical effect of deliv- 
ery specific for preeclampsia (i.e., resolution) was as- 
sociated more closely with fibronectin than the other 
parameters of hemostasis. It has been reported" that 
pregnancy is normally associated with increases in clot- 
ting and fibrinolytic activity and that in preeclampsia 
there appears to be an exaggeration of this pattern. We 
are unaware of any previous study that has applied 
recent advances in coagulation researcli to compare the 
roles of endothelial injury, clotting, arid fibrinolysis in 
preeclampsia. We are also unaware of previous re- 
search with these techniques to systematically evaluate 
the usual effects of delivery or the specific effects of 
delivery for preeclampsia. - 

When interpreting these results, it is important to 
remember that blood levels reflect production, metab- 
olism, and/or excretion. Although levels of the new 
markers are believed to be representative of their roles 
in hemostasis, other sources of variation could be in- 
volved. Fibronectin is produced in the liver and the 
vascular endothelium. Hepatic impairment or renal ex- 
cretion could contribute to decreased levels of anti- 
thrombin III. Little is known about the metabolism 
and/or excretion of a,-antiplasmin. Additional caution 
is warranted because of variability in the accuracy of 
the assays. Proteinuria, fibrin monomer, fibrin(ogen) 
split products, and p-dimer were qualitative or semi- 
quantitative and much less accurate than fibronec- 
tin, fibrinogen, antithrombin III, and a,-antiplasmin. 
Their qualitative or semiquantitative nature may also 
have reduced the efficiency of statistical analysis. 

Nonetheless, the findings of this study integrate 
nicely into previously developed concepts of hemostasis 
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(Fig: 1). Preeclampsia is accompanied by endothelial 
injury, clotting, and fibrinolysis, elements present in 
DIC. Vascular endothelial injury in preeclampsia could 
be caused by vasospasm or immune complexes. En- 
dothelial damage may cause decreased prostacyclin 
production and activation of both clotting and fibri- 
nolysis, resulting in the generation of thrombin and 
plasmin, respectively. Thrombin consumes antithrom- 
bin I and causes intravascular fibrin depositions. Plas- 
min consumes @,-antiplasmin and converts fibrin and 
fibrinogen into fibrin(ogen) split products. Platelet 
activation leads to release of thromboxane A. and 
serotonin, which, along with low molecular. weight fi- 
brinolytic peptides, may induce further vasospasm 
and/or endothelial injury.'’* Elevated fibronectin may 
antagonize clotting by enhancing fibrinolysis, aiding in 
endothelial repair and solubilizing the fibrin monomer, 
thereby preventing the formation of a fibrin net- 
work." Fibronectin also acts as an opsonini, allowing 
phagocytosis of formed blocd clots by macrophages 
from microcirculation.’ In the absence of clinical signs 
of DIC, increased fibronectin, accompanied by in- 
creased production of platelets and fibrinogen, appears 
to be adequate to compensate for increased consump- 
tion by clotting. 

_ In summary, it appears that vascular endothelial in- 
jury plays a central role in the hemostatic changes as- 
sociated with preeclampsia. This concept is further sup- 
ported by the observation that it seemed to resolve 24 
to 48 hours after delivery. This coincides with the rapid 
clinical improvement noted in the early puerperium 
and could contribute to recovery. 
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Elevated maternal serum a-fetoprotein levels and 
oligohydramnios: Poor prognosis for pregnancy outcome 


Susanna N. Dyer, M.S.N., Barbara K. Burton, M.D., and Lewis H. Nelson, M.D. 


Winston-Salem, North Carolina 


The outcome of 21 pregnancies with elevated matérnal serum a-fetoprotein levels associated with 
oligohydramnios was studied. Seven of the 21 pregnancies ended in spontaneous abortion or intrauterine 
fetal death before week 24 of pregnancy. Five patients experienced premature labor between 24 and 26 
weeks of gestation; each fetus was either stillborn or died in the immediate neonatal period. Four patients 
were delivered of infants after 32 weeks of gestation; each infant was either stillborn or died in the 
immediate neonatal period. Four patients electively had their pregnancies terminated. One patient was 
delivered at term of a healthy, growth retarded male infant who on follow-up at age 17 months was 
developmentally normal. Only three cases were associated with a fetal defect. Patients should be 
counseled that, even in the absence of a demonstrable cause for diminished amniotic fluid on 
ultrasonography, raised maternal serum a-fetoprotein levels coupled with oligohydramnios seem to carry a 


poor prognosis. (AM J OssTeT GYNECOL 1987;157:336-9.) 


Key words: Maternal serum a-fetoprotein, oligohydramnios 


The association between raised concentrations of ma- 
ternal serum a-fetoprotein and open fetal neural tube 
defects has been well documented.'* Because more 
than 90% of all affected infants are born to women 
with no previous family history of a neural tube defect, 
the majority can be detected prenatally only by a testing 
program available to all pregnant women. An increas- 
ing number of women are being offered maternal se- 
rum a-fetoprotein screening as facilities capable of 
performing the test become widespread. It is now 
becoming apparent that elevated maternal serum 
a-fetoprotein levels even in the absence of a neural 
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tube defect may indicate that a pregnancy is at high 
risk, and otherwise unexplained maternal serum 
a-fetoprotein elevations have been associated with 


an increased risk of spontaneous abortion and still- 


birth,'* low birthweight,* * and other congenital anom- 
alies.’ 

Previous reports have linked elevated maternal se- 
rum «-fetoprotein levels to second-trimester oligohy- 
dramnios. We describe a series of 21 patients found 
through diagnostic testing to have oligohydramnios; 
the tests were done after elevated maternal serum 
a-fetoprotein levels were discovered. Pregnancy out- 
comes for each case are discussed. 


Methods 


All patients studied were participants in the Screen- 
ing Program for Neural Tube Defects administered by 
the Department of Pediatrics at the Bowman Gray 
School of Medicine, Winston-Salem, North Carolina. 
Initial maternal serum a-fetoprotein screening was 
generally performed at a gestational age of 16 to 18 
weeks. Levels of #2.5 times the median were con- 
sidered elevated, and further evaluation was rec- 
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Table I. Summary of patients with elevated maternal serum a-fetoprotein and oligohydramnios 





l 3.3/3.8 EPT 
2 8.5/10.0 IUGR IUFD at 20 wk 
3 3.0/4.0 IUFD at 20 wk 
4 7.0/5.5 Fetal contractures Spontaneous abortion 
at20 wk. 
5 2.8 IUFD at 24 wk 
6 9.4/12.0 Encephalocele Stillborn at 32 wk 
7 5.2/4.3 Premature delivery at 
24 wk, died 
8 5.0/4.5 Spontaneous abortion 
l at 20 wk 
9 5.1/4.5 EPT 
10 2.9/2.7 IUFD at 19 wk 
1] 3:8/2.8 IUGR Spontaneous abortion 
at 23 Wk 
12 3.9/3.0 Kidney, bladder not Premature delivery at 
visualized 32 wk, died 
13 4.2/2.8 IUGR, encephalocele Delivery at 40 wk, 
died 
14 2.5/3.8 Premature delivery at 
25 wk, died 
15 2.8/2.6 FHR decelerations Premature delivery at 
l 37 wk, IUGR 
16 2.6/2.4 EPT 
17 4.0/5.3 Premature delivery at 
24 wk, died 
18 2.5/2.0 Premature delivery at 
26 wk, died 
19 3.6/5.1 Enlarged kidney and EPT 
bladder ` 
20 3.9 Spontaneous abortion 
at 22 wk 
21 3.6 Premature delivery at 


32 wk, died 


Additional ultrasound 
MSAFP MOM* findings , Pregnancy outcome _ Autopsy results 


Normal 

Multiple placental 

_ infarcts 
Amnionitis 

Multiple contractures 


Normal 
Not performed 


Normal 
Not performed 
Normal 
Normal! 


Normal 


Not performed 


Encephalocele 
Not performed 
Not performed 


Normal 
Not performed 


Not performed 
Posterior urethral 


valves, hydro- 
nephrosis 


Not performed 


Not performed 


Encephalocele, 
polydactyly, 
ambiguous geni- 
talia on clinical 
examination 


No defects on clin- 
ical examination 


Potter’s syndrome 
on clinical exam- 
ination 

Class A diabetes 


No defects on clin- 
_ical examination 
Doing well at age 
17 mo 


No defects on clin- 
ical examination 

No defects on clin- 
ical exariination 

Potter facies 


No defects on clin- 
ical examination 

Multiple con- 
tractures 


MSAFP MOM = Maternal serum a-fetoprotein multiples of the median; EPT = elective pregnancy termination; IUGR = 
intrauterine growth retardation; IUFD = intrauterine fetal death; FHR = fetal heart rate. 


*If patient had two samples assayed, both values are given. 


ommended. Patients with an initial maternal serum 
a-fetoprotein elevation usually had a second sample 
quantitated at least 1 week later. After two consecutive 
elevations, women became candidates for ultrasound 
examitiation and possibly amniocentesis. Before these 
procedures, each patient received genetic counseling. 
Pregnancy outcome data were collected from delivery 
records or physician’s offices on each patient who was 
considered a candidate for further testing., From 
June 1, 1978 to December 31, 1985, 34,932 patients 
participated in the screening program. Of these, 
794 (2.3%) patients had elevated maternal serum 
a-fetoprotein levels on two separate occasions. As part 
of the screening protocol, each patient was recom- 
mended for consultative ultrasound to rule out a neural 


tube defect or other fetal defect. Of these, 21 patients 
were found to have oligohydraimnios as defined by ab- 
sence of amniotic fluid pockets >1 cm in depth. Ultra- 
sound findings, pregnancy outcome, and autopsy data 
were reviewed for each case. 


Results 

Twenty-one cases of elevated maternal serum 
a-fetoprotein levels associated with oligohydramnios 
were identified during diagnostic testirig after the dis- 
covery of elevated maternal serum a-fetoprotein levels. 
The findings are summarized in Table I. Of these, orily 
one resulted in the birth of a healthy, viable infant. 
Seven pregnancies ended in spontaneous abortion or 
intrauterine fetal demise before 24 weeks of gestation. 


338 Dyer, Burton, and Nelson 


Five pregnancies ended in premature labor and deliv- 
ery between 24 to 26 weeks of gestation; each fetus was 
either stillborn or died in the immediate neonatal pe- 
riod. Four patients were delivered after 32 weeks of 
gestation; each infant was either stillborn or died in the 
immediate neonatal period. Four patients electively 
had their pregnancies terminated on the basis of coun- 
seling regarding the prognostic significance of oli- 
gohydramnios coupled with raised maternal serum 
a-fetoprotein levels. Autopsy results were available for 
12 of the 21 patients, of which only three revealed fetal 
defects, including two cases of encephalocele and one 
case of urinary tract anomaly. Renal agenesis was sus- 
pected in another case; however, autopsy was not per- 
formed. An additional two fetuses had multiple joint 
contractures, presumably caused by intrauterine com- 
pression. | 

Case number 15 represents the only pregnancy in 
the series that resulted in the birth of a viable infant. 
Emergency cesarean section was performed at 37 weeks 
of gestation for acute preeclampsia and fetal heart rate 
decelerations. A 2000 gram male infant was delivered 
with a 1-minute Apgar score of 6 and a 5-minute Apgar 
score of 9. Hospitalization was complicated only by an 
elevated bilirubin level that spontaneously resolved. 
Aside frorn intrauterine growth retardation, no other 


anomalies were noted on physical: examination. The. 


infant was discharged after 10 days. On follow-up at 
age 17 months; he weighed:23 pounds (tenth percen- 
tile) and was developmentally normal. 

Amniotic fluid levels of a- fetoprotein were available 
in four cases. Cases 1 and 15 -had amniotic fluid 
a-fetoprotein levels below the mean, case 17 was slightly 
above the mean but within 2 SD, and case 2 was >5 SD 
above:the mean. Karyotyping dernonstrated a normal 
chromosome complement on all four samples of am- 
niotic fluid. 


Comment 


Elevated levels of aema serum a-fetoprotein have 
been associated with open fetal neural tube defects and 
other congenital anomalies, sporitaneous abortion, fetal 
death, stillbirth, and low birth weight. Therefore, even 
in the absence of a neural tube defect, raised concen- 
trations of maternal serum aà- fetoprotein may serve as 
a predictor of a high- -risk pregnancy. 

Four previous reports have described a ee of 18 
cases of second-trimester oligohydramnios associated 
with elevated maternal serum a-fetoprotein levels. Bal- 
four and Laurence? reported two infants who had renal 
agenesis, which was detected on postmortem exami- 
nation. Both infants were delivered.at 34 weeks of ges- 
tation and died in the immediate neonatal period. Seller 
and Child? described four cases, one of which resulted 
in the birth of an infarit who was described as alive and 
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progressing. Two patients chose to have their. preg- 
nancies terminated. No fetal defects were present in 
either fetus except for compression deformitiés ob- 
served i one. One patient prematurely was delivered 
of a male infant at 29 weeks of gestation with joint 
contractures, who died in the immediate neonatal:pe- 
riod. Autopsy was not performed. Stirrat et al.'° iden- 
tified six cases, five of which ended in intrauterine or 
neonatal death. Of these, two were associated with ex- 
trauterine pregnancy, one with chronic leakage of am- 
niotic fluid, and one with possible renal agenesis. One 
patient was delivered of a normal female infant at term. 
Koontz et al.'! reported six additional cases, four of 
which were associated with urinary tract abnormalities. 
Five patients elected to have-their pregnancies termi- 
nated; the sixth experiénced intrauterine fetal death. 

The present series brings to a total of 39 the reported 
cases of oligohydramnios associated with elevated ma- 
ternal serum a- -fetoprotein levels. Of these, four cases 
of renal agenesis have been identified, three cases of 
urinary tract obstruction, two cases of extrauterine 
pregnancy, and one case of chronic leakage of amniotic 
fluid. For these cases the cause of oligohydramnios is 
clear. For the remaining 29 cases (74%) the cause is 
unknown. Twenty-five of the 39 pregnancies (64%) 
ended in spontaneous abortion, intrauterine fetal 
death, stillbirth, or neonatal death. Eleven patients 
(28%) chose to terminate their pregnancies. Only three 
pregnancies (8%) have been associated with the birth 
of a viable infant. 

It appears that in some cases ETE E T in it- 
self is sufficient to explain elevated maternal serum 
a-fetoprotein levels. However, the relationship be- 
tween oligohydramnids and elevated maternal serum 
a-fetoprotein levels is unclear. The mechanism by 
which open neural tube defects and other congenital 
anomalies elevate maternal serum a-fetoprotein levels 


has been reviewed by Brock” and appears to be linked 


to elevated levels of amniotic fluid a-fetoprotein. In- 
creased amniotic fluid a- -fetoprotein may occur when 
any open lesion such as a neural tube defect, ventral 
wall defect, or sacrococcygeal teratoma allows increased 
diffusion of «-fetoprotein from. the fetal cerebrospinal 
fluid or serum. Another known cause of elevated ma- 
ternal sérum a-fetoprotein levels, congenital nephrosis 


of the Finnish type, produces fetal proteinuria, with 


subséquent increased amniotic fluid a-fetoprotein. Fi- 
nally, elevated amniotic fluid a-fetoprotein may be pro- 
duced by alteréd amniotic fluid protein turnover from 
decreased fetal swallowing, as in duodenal or esopha- 
geal obstruction. 

In contrast, it does not appear that elevated maternal 
serum a-fetoprotein levels found in pregnancies af- 
fected with oligohydramnios can be linked to elevated 
amniotic fluid «-fetoprotein, since in three of the four 
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cases in our series in which amniotic fluid a-fetoprotein 
was measured, this level was normal. Because it ap- 
pears that urination is the principle route by which 
a-fetoprotein normally reaches amniotic fluid, one 
might expect urinary tract anomalies to result in low 
levels of amniotic fluid «-fetoprotein. Therefore, for 
the eight reported cases of urinary tract anomalies, el- 
evated maternal serum a-fetoprotein levels may appear 
to be paradoxical. Amniotic fluid measurements were 
not available for any of these cases. Koontz et al." spec- 
ulated that elevated fetal serum a-fetoprotein levels 
may result from the inability of the fetus to excrete 
a-fetoprotein when urinary tract anomalies are pres- 
ent. Consequently, elevated levels of maternal serum 
a-fetoprotein may result from the greatly increased 
fetal-maternal concentration gradient across the pla- 
cental membrane. For the other cases of oligohydram- 
nios, adverse events might occur early in pregnancy, 
which simultaneously result in oligohydramnios and 
elevation of maternal serum a-fetoprotein levels, per- 


haps through some alteration of placental structure or ° 


function. Therefore, although no causal relationship 
may be present between oligohydramnios and elevated 
maternal serum a-fetoprotein levels, a common origin 
may exist for both. 

Patients should be counseled that elevated maternal 
serum a-fetoprotein levels coupled with oligohydram- 
nios appear to carry a poor prognosis for the preg- 
nancy. Even in the absence of a demonstrable fetal de- 
fect on ultrasonography, the likelihood of a normal 
outcome remains low. 


We gratefully acknowledge the support and efforts 
of the participating physicians in western North Car- 


a-Fetoprotein levels and oligohydramnios 339 


olina, without whom this project would not have been 
possible. 
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Mycotic aneurysms in pregnancy 


Guy M. Boike, M.D., Norman Gove, M.D., Mitcheil P. Dombrowski, M.D., 


Gunter Deppe, M.D., and Robert J. Sokol, M.D. 
Detroit, Michigan 


The presentation, management, and outcome of three cases of femoral artery mycotic aneurysm in 
pregnancy are described. All resulted from illicit intravenous drug use. While the literature dealing with 
drug abuse in pregnancy is large, this specific problem has received little attention. Comparison of these 
cases to a large reported series of nonpregnant patients with mycotic aneurysms from our institution 
demonstrates that pregnancy does not alter the natura! course of this condition. The presence of a mycotic 
aneurysm in pregnancy does, however, appear to lead to significant maternal and fetal morbidity. 
Guidelines for diagnosis and management are discussed. (Am J Osstet Gynecot 1987;157:340-1.) 


Key words: Pregnancy, aneurysms, intravenous drug abuse 


Arterial aneurysms are an infrequent complication 
of pregnancy. The term mycotic aneurysm was first 
coined by Osler in 1885 to describe aortic aneurysms 
resembling “fungal growths” in a man with endocar- 
ditis. The potentially catastrophic consequences of an- 
eurysmal rupture and the accompanying infectious 
morbidity emphasize the need for early diagnosis and 
appropriate management. The purpose of this report 
is to communicate our experience with three intrave- 
nous drug abusers whose pregnancies were compli- 
cated by femoral artery mycotic aneurysms. 


Case reporis 


Case 1. A 33-year-old woman, gravida 2, para 1, 
abortions 0, was admitted at 20 weeks’ gestation for 
bleeding from an injection site in the groin. A pulsatile 
right groin mass with a bruit was present and an ar- 
teriogram demonstrated a 2 cm aneurysm of the deep 
femoral artery. Ligation of the superficial, common, 
and deep femoral artery was performed. Cultures from 
the aneurysm grew nafcillin-resistant Staphylococcus au- 


reus and Klebsiella pneumoniae. Estimated operative | 


blood loss was 700 ml and a transfusion of 2 units of 
blood was required. At 25 weeks’ gestation, ischemic 
changes and purulent drainage from the wound ne- 
cessitated a right above-the-knee amputation. The pa- 
tient remained hospitalized without further complica- 
tions. At term, an elective induction of labor resulted 
in the vaginal delivery of a healthy, appropriate 
for gestational age infant. After an uncomplicated 
postpartum course, both mother and infant were 
discharged. 
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Case 2. A 34-year-old woman, gravida 6, para 3, 
abortions 2, was admitted at 34 weeks’ gestation with a 
draining right groin abscess and a swollen, painful left 
thigh. A pulsatile left groin mass with a bruit was pres- 
ent and an arteriogram confirmed a 4 cm left femoral 
aneurysm. The draining right groin abscess grew 
nafcillin-resistant $. aureus. Shortly after admission, the 
patient experienced spontaneous rupture of the mem- 
branes accompanied by labor and was delivered vagi- 
nally of a preterm, small for gestational age infant that 
experienced mild respiratory distress. After delivery 
the patient underwent ligation of the left common and 
superficial femoral arteries without complication. The 
patient remained hospitalized for 25 days and was 
maintained on intravenous vancomycin while the 
wound healed. 

Case 3. A 34-year-old woman, gravida 3, para 2, was 
admitted at 33 weeks’ gestation with a swollen, painful 
left thigh. The patient stated that a pulsatile left groin 
mass had been present for 1 year. An arteriogram re- 
vealed a 9.5 cm left femoral aneurysm. In an effort to 
avoid operation during pregnancy and because of the 
relative proximity to term, the patient was managed 
conservatively while awaiting fetal maturity. At term, 
an elective cesarean delivery was performed because of 
a breech-vertex twin presentation and to avoid the risk 
of aneurysmal rupture during labor. The patient was 
delivered of otherwise healthy discordant twins (twin 
A, appropriate for gestational age; twin B, small for 
gestational age). After delivery the patient did well but 
refused ligation of the aneurysm and signed out against 
medical advice on the fifth postoperative day. 


Comment 


Care of the pregnant patient who engages in intra- 
venous drug abuse is complicated by many obstetric 
and medical problems. All of our patients received no 
prenatal care, had uncertain gestational dates, and ex- 
perienced complications from intravenous drug abuse. 
Previous reports of mycotic aneurysms in pregnancy 
are limited, possibly reflecting underreporting. Dir- 
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ghani and Ansari’ reported a case of a ruptured right 
external iliac artery aneurysm secondary to drug abuse 
in a pregnant patient. This led to an intrauterine fetal 
death and significant maternal morbidity. 

A series of 50 nonpregnant patients with mycotic 
aneurysms has been reported from our institution.* Lo- 
cal pain, swelling, bleeding, and symptoms of vascular 
insufficiency were the most common presenting com- 
plaints. A pulsatile, indurated mass with an associated 
bruit was present in nearly all cases, with the femoral 
artery being the most frequently involved site. Ap- 
proximately 80% of the patients were adequately 
treated with simple ligation and excision, but the re- 
maining 20% required bypass or amputation. Resistant 
S. aureus was isolated from more than three quarters 
of the cases. 

A thorough history and physical examination are 
necessary in patients who abuse drugs intravenously, 
with special attention given to complaints referred to 
injection sites and extremities. Careful palpation for 
fluctuance or pulsations and auscultation for bruits is 
essential for the diagnosis of an underlying abscess or 
aneurysm. Arteriograms should be liberally used for 
confirmation. Operation for this condition during 
pregnancy presents potential fetal risks including an- 
esthetic complications, hypotension from supine posi- 
tioning, and decreased placental perfusion from op- 
erative blood loss. The delay in surgical treatment may 
result in aneurysmal rupture with maternal hypoten- 
sion, decreased placental perfusion, and possibly fetal 
death.’ The effect of second-stage valsalva maneuvers 
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may increase the risk of aneurysmal rupture, although 
there is little evidence to confirm this. At all gestational 
ages, the risk of operation to the undelivered fetus must 
be weighed against delaying definitive treatment. 

It is difficult to formulate a management scheme on 
the basis of this limited experience; however, the fol- 
lowing guidelines would appear appropriate: (1) Leak- 
ing or expanding aneurysms require immediate op- 
eration irrespective of gestational age. If viable, the 
fetus should be monitored during operation and the 
attending obstetrician prepared to perform a cesarean 


' delivery for fetal indications. (2) Aneurysms diagnosed 


during the first and second trimesters should be sur- 
gically treated. (3) Near term, attempts at conservative 
management awaiting fetal maturity should be consid- 
ered, with delivery prior to operation. (4) Careful at- 
tention to bacterial isolates and resistance patterns is 
necessary to optimize antibiotic therapy. With early di- 
agnosis and intensive surgical-obstetric management, 
the excessive morbidity of this condition in pregnancy 
may be minimized. 


We wish to acknowledge the expert technical assis- 
tance of Suellen J. Pence. 
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A screening test (GBS-Test) for urogenital carriage of 


group B streptococci 


Karen Christensen, M.D., Ph.D., and Poul Christensen, M.D., Ph.D. 


Lund, Sweden 


A commercial kit for the detection of group B streptococci (GBS-Test) is described. The test is based on 
orange pigment production after 2 days’ incubation at 37° C. It showed a 100% specificity and a sensitivity 
superior to that of a conventional selective broth method. (Am J OspsTeT GYNECOL 1987;157:341-2.) 
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Recently, a successful prevention program for the 
majority of early-onset group B streptococcal infections 
was described, based on screening during pregnancy.’ 


The present paper describes a new commercial kit 
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Table I. Comparison of a conventional selective method and the GBS-Test for detection of group B 


streptococci in the urethra, cervix, and rectum 







No. of specimens 






containing 
Sue of group B No. of tests positive 
collection of streptococci per for group B 
specimen No. collected streptococci 
Urethra 58/200 53 
Cervix 53/200 46 
Rectum 29/100 25 
All specimens 140/500 124 


(GBS-Test*) which is suitable for the detection of 
group B streptococci during pregnancy. 

The test consists of a tube containing 1.5 ml of broth. 
Each specimen to be investigated for group B strep- 
tococci was obtained with a cotton-tipped swab, which 
was then whisked out in the broth. The tube was capped 
and incubated for 2 days at 37° C. On days 1 and 2, 
tubes were inspected for orange pigmentation, indi- 
cating the presence of group B streptococci. 

With this technique, 500 urogenital specimens were 
evaluated, 200 from the urethra, 200 from the cervix, 
and 100 from the rectum. All specimens were trans- 
ported in Stuart medium within 24 hours of collec- 
tion. Each specimen was whisked out in | ml of Todd- 
Hewitt broth at a temperature of 4° to 8° C. Two sterile 
cotton swabs were then dipped simultaneously in the 
broth; one of them was used for selective broth medium 
isolation of group B streptococci, and the other was 
used for detection of these bacteria with the GBS-Test. 

When a GBS-Test was positive but no B-hemolytic 
streptococci had been detected on the blood agar plate, 
new attempts were made to isolate the bacteria from 
the Todd-Hewitt broth, by use of the selective method. 
The results of the “second look” were not included in 
the data given for the selective method (Table I). 

The sensitivity of the conventional method was 91% 
for the urethra, 87% for the cervix, and 86% for 
the rectum (Table I). The respective figures for the 


*Patent pending. 


Conventional selective method 








GBS-Test 


No. of tests positive Sensitivity (%) 







Sensitivity 


9] 57 58 98 100 
87 48 49 9] 92 
86 21 25 72 86 
89 126 132 90 94 


GBS-Test were 100%, 92%, and 86% after 2 days of 
incubation. No false positive results were recorded with 
the GBS-Test (specificity = 100%). 

All of 14 group B streptococcal strains isolated from 
cerebrospinal fluid or blood of newborn infants gave 
positive results with the GBS-Test, 13 after 24 hours’ 
incubation and the fourteenth strain after 42 hours’ 
incubation. 

The data thus demonstrated that the GBS-Test was 
at least as reliable as a conventional selective method 
used for detection of group B streptococci at bacteri- 
ologic laboratories. : 

Although it does not appear to be quicker than 
conventional methods, the test permits diagnosis of 
group B streptococci at the doctor’s office. The simple 
handling and easy reading of the test and a cost be- 
low 6 dollars for two tubes (that is, one screening oc- 
casion) has radically changed the cost-benefit ratio in 
favor of routine screening for group B streptococci 
during pregnancy. When this test is combined with pro- 
phylactic antibiotics in selected patients at risk,’ we now 
have access to an instrument that can prevent a sub- 
stantial part of early-onset group B streptococcal in- 
fections in newborn infants. 
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Fetal growth retardation as a complication of pregnancy in 


patients with neurofibromatosis 


Isaac Blickstein, M.D., and Moshe Lancet, M.D. 
Rehovoi, Israet 


Neurofibromatosis adversely affects reproductive performance. Fetal growth retardation as a complication 
of pregnancy in patients with neurofibromatosis had not been widely documented. The present cases 
suggest that pregnant patients with heurofibromatosis may have an increased risk for growth-retarded 


babies. (AM J OastzT GYNECOL 1987;157:343.) 


Key words: Neurofibromatosis, pregnancy complications, fetal growth retardation 


Von Recklinghausen’s neurofibromatosis is associ- 
ated with many pregnancy complications. The preg- 
nant state may, in turn, aggravate the disease to the 
point of life-threatening situations. Belton et al.' re- 
ported what they assumed to be the first case of intra- 
uterine growth retardation in association with neuro- 
hbromatosis in pregnancy. The present cases document 
five additional growth-retarded babies born to two pa- 
tients with neurofibromatosis. 

Case reports 

Case 1. S. A., a 30-year-old gravida 2, para 1, was 
admitted at 38 weeks’ gestation in active labor. Mild 
neurohbromatosis was diagnosed at her previous de- 
livery i in 1984 by the attending obstetrician. Both preg- 
nancies were achieved after ovulation induction with 
clomiphene, human menopausal gonadotropin and hu- 
man chorionic gonadotropin, and bromocriptine. They 
were unremarkable with respect to weight gain, he- 
moglobin levels, and blood pressure. The first baby was 
growth retarded (2400 gm at 39 weeks’ gestation) and 
had inherited his mother’s disease. The second one was 
born at 38 weeks’ gestation and was severely growth 
retarded (1820 gm). The placentas were with no stig- 
mata of neurofibromatosis, relatively small, with areas 
of infarction, 

Case 2. I. R., a 23-year-old gravida 3, para 9, was 
admitted at 35 weeks’ gestation. She had mild neuro- 
fibromatosis since childhood. She previously had a 1500 
gm growth-retarded baby at 35 weeks and a second one 
at 39 weeks weighing 2250 gm. 

Her three pregnancies were unremarkable with re- 
spect to the aforementioned factors. The third preg- 
nancy ended by a cesarean section because of preterm 
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rupture óf the membranes and fetal distress. A 1850 gm 
growth-retarded baby was born. The placenta was rel- 
atively small but otherwise normal. The two.older chil- 
dren do not have signs of neurofibromatosis, nor have 
any such signs been found in the newborn infant. 


Comment 


Possible explanations for intrauterine growth retar- 
dation -associated with neurofibromatosis include: (Í) 
Vascular changes characteristic of neurofibromatosis 
may lead to insufficient blood supply to the gravid 
uterus, (2) a rapidly growing neurofibromatic pelvic 
tumor imay displace the uterus and compress the major 
blood vessels, and (3) nontoxemic hypertension is 
thought to be an invariable feature of pregnant patients 
with neurofibromatosis. 

Belton et al.' reported a case of fetal growth retar- 
dation and oligohydramnios in association with neu- 
rofibromatosis. What they claimed as the first reported 
case had been criticized as coincidental.” Our cases sug- 
gest that fetal growth might be impaired by the disease 
process of neurohibromatosis. Since we could not single 
out other causes for intrauterine growth retardation in 
our patients, neurofibromatosis and its adverse effects 
on the uteroplacental unit seem to be most likely. 

Neurofibromatosis affects many organs and systems, 
and thus a multifactorial etiology for intrauterine 
growth retardation seems probable. Further observa- 
tions may disclose the actual magnitude of this com- 
plication in the relatively infrequent combination of 
pregnancy and neéurofibromatosis. 
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y-Glutamy] transferase and mean cell volume reveal maternal 
alcohol abuse and fetal alcohol effects 


Olavi Ylikorkala, M.D., Ph.D., Ulf-Hakan Stenman, M.D., Ph.D., and 


Erja. Halmesmäki, M.D. 
Helsinki, Finland 


Serial measurements of y-glutamy! transferase and mean cell volume were done in 85 pregnant alcohol 
abusers (320 samples). These included 26 moderate drinkers, 30 heavy drinkers, and 29 alccholic women.. 
Studies of 28 pregnant women who denied the usé of alcohol (138 samples) showed that prégnancy itself 
had no effect on y-glutamyl transferase and méan cell volumé. However, y-glutamyi transferase was 
increased in 14.9%, 31.7% and 59:1% of the samples collected from moderate drinkers, heavy drinkers, 
and alcoholic women, respectively, and likewise mean cell volume was elevated in 10.8%, 17.2%, and 
40.2%, respectively. Either -y-glutarriyl transferase òr mean cell volume was high or both were high in 
27.1% of the moderate drinkers, in 38.3% of the heavy drinkers, and in 76.3% of the alcoholic women. 
Fetal alcohol effects developed in 42 cases. Increased -y-giutdmyl transferase predicted fetal aicohol 
effects in 61.5%, with a relative risk of 2.51. Elevated mean cell volume predicted feta! alcohol effects in 
40.9%, with a relative risk of 2.40. These results suggest that the assay of y-glutamy! transferase and 
mean cell volume can be valuable in monitoring pregnant women with recognized or suspected alcohol 


abuse. (Am J OssTet GYNECOL 1987;157:344-8.) 


Key words: Alcohol abuse in pregnancy, fetal alcohol effects, y-glutamyl transferase, mean 


cell volume 


The measurements of serum y-glutamyl transferase 
activity and mean cell volume are the best established 
tests for the detection of alcohol abuse in women who 
are not pregnant.'* Excessive alcohol consumed during 
pregnancy is one of the most common teratogens 
known today.” * This may be one reason pregnant 
women often are most reluctant to admit their actual 
alcohol consumption. 

Objective biochemical tests are therefore needed to 
reveal alcohol use during pregnancy. Because preg- 
nancy may affect the responses of these markers to 
alcohol intake, data on y-glutamyl transferase and 


mean cell volume in women who use alcohol but are ` 


not pregnant'* cannot be interpolated to pregnant sub- 
jects. Therefore we assessed the value of, y-glutamyl 
transferase and mean cell volume in the detection of 
alcohol abuse and fetal alcohol effects during preg- 
nancy. 
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Niaterial aia methods 


From April 1983, staff members of antenatal clinics 
in Helsinki and its suburbs were trained to recognize 
alcohol abuse (history of previous use, social reports, 
previous treatments, drunkenness at follow-up). To the 
end of 1985, 85 patients with recognized alcohol prob- 
lems had been identified. They were admitted to a spe- 
cial outpatient university clinic for pregnant problem 
drinkers. The patients were interviewed about their 
alcohol use at registration and were counseled to re- 
frain from alcohol use or, if that was imposssible, to 
limit its use as much as possible. The patients were 
scheduled to visit the department at 2- to 4-week in- 
tervals, when a detailed history on alcohol use since the 
preceding visit was taken and further counseling and 
support were given. The patients were advised to use 
iron supplements, but no folic acid supplementation 
was used. 

Of 85 patients, 29 women has consumed two to 20 
“drinks” daily during early pregnancy. They were re- 
garded as alcoholic because their history of alcohol 
abuse was long (up to 20 years) and they had several 
alcohol-related social problems. Thirty women who had 
one to 10 “drinks” daily were classified as heavy drink- 
ers bécause, although they drank heavily, they lacked 
other features typical for alcoholism. Twenty-six 
women consumed alcohol periodically (mostly during 
weekends), up to 10 “drinks” daily, and they were clas- 
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Table I. Clinical characteristics of the study populations (mean + SD) 


Moderate drinkers Heavy drinkers l Alcoholic women Control women 


No. of women 26 30 29 28 
No. of GGT assays 107 120 93 135 
No. of MCV assays 102 122 97 138 
Age (yr) 27.0 + 7.8 28.1 + 6.0 29.2 + 4.3 27.3 4 5.1 
Smoking 21 (82%) 25 (82%) 21 (71%) 6 (21%) 
Infants with fetal alcohci effects J 13 28 — 
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GGT = y-Glutamyl transferase; MCV = mean cell volume. 


Table II. Sensitivities, predictive values, and relative risks of increased y-glutamy! transferase and mean 
cell volume in revealing alcohol abuse during pregnancy 


y-Glutamyl] transferase . 
Sensitivity (%) 14.9 S177 59.1* 34.1* 
Predictive value (%) 69.5 84.4 88.7 93.4 
Relative risk 1.67 2.16 3.87 1.5) 
Mean cell volume 
Sensitivity (%) 10.8 17.27 40.2* 22.17 
Predictive value (%) 64.7 77.8 84.8 91.0 
Relative risk 1.59 1.79 2.83 1.4] 


*Comparison between y-glutamy! transferase and mean cell volume: p < 0.01. 
+Comparison between y-glutamyl transferase and mean cell volume: p < 0.001. 


sified as moderate drinkers (Table I). Sixty-six patients 
(78%) also smoked. Otherwise the women were appar- 
ently healthy and had no evidence of liver disease. Fifty- 
five patients (65%) reported that they had reduced their 
alcohol consumption since their registration (Halmes- 
mäki E, unpublished data). 

Infants born to these 85 women were thoroughly 
studied at ages 5 days (n = 85), 4 months (n = 72), 
6 months (n = 72), and 12 months (n = 47) by pedia- 
tricians. The diagnosis of fetal alcohol effects required 
one of the following criteria: growth retardation (less 
than the tenth normal percentile); distinctive facial 
characteristics (low nasal bridge, short nose, short pal- 
pebral fissures, indistinct philtrum, thin upper lip); 
neurological aberrations; and developmental delay. 
Twenty-two such infants were born. In addition, 20 
infants fulfilled three of the criteria (growth retarda- 
tion, distinctive facial features, neurological aberra- 
tions), and they were regarded as suffering from a 
complete “fetal alcohol syndrome.” * Thus alcohol- 
induced fetal damage was observed in 42 of 85 in- 
fants (49%). 

Twenty-eight healthy women who denied the use of 
alcohol had follow-up throughout pregnancy as a con- 
trol group (Table I). They all were advised to use iron 
supplementation starting at 12 to 16 weeks of preg- 
nancy, but no folic acid was prescribed. Six of them 
(21%) smoked. The pregnancies were uneventful, and 
the infants were healthy. 


Venous blood samples collected at each visit from the 
patients (on average 3.7 samples per patient) and con- 
trols (on average 4.8 samples per control) were assayed 
for y-glutamyl transferase with a Hitachi 705 E analyzer 
(Hitachi, Tokyo, Japan) (based on Scandinavian rec- 
ommendation’). The mean cell volume was determined 
with a Coulter S7 cell counter (Coulter Electronics, 
Hialeah, Florida). 
~ Individual values of y-glutamyl transferase and mean 
cell volume on any occasion were considered separately 
in different drinking groups. The relationship between 
degree of alcohol abuse and occurrence of fetal alcohol 
effects was interpreted as follows: true positive (TP) 
(marker high, abuse positive, fetal alcohol effects pos- 
itive), false positive (FP) (marker high, abuse negative, 
fetal alcohol effects negative), true negative (TN) 
(marker normal, abuse negative, fetal alcohol effects 
negative), and false negative (FN) (marker normal, 
abuse positive, fetal alcoho] effects positive). Sensi- 
tivity of the indices was TP/(TP + FN), specificity 
TNACTN + FP), predictive value TP/(TP + FP), and 
relative risk factor, the ratio of TP/(TP + FP) to 
FN/(FN + TN). The significances of the differences 
were tested by binomial ¢ test. 


Results 

The y-glutamyl! transferase (range 3 to 65 U/L) and 
mean cell volume (range 85 to 98 fl) in the control 
women did not change with advancing gestation. 
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Table III. Efficacy of combined use of y-glutamyl transferase and mean cell volume to reveal alcohol 
abuse during pregnancy 


=: 


Increased Y- glutamyl transferase, normal mean cell volume 
Normal y-glutamy! transferase, increased mean cell volume 
Increased y-glutamy! transferase and/or mean cell volume 


Fig. 1. Individual y-glutamy] transferase activities (units per Iter) in pregnant female alcohol abusers. 
The shaded area represents the mean + 2 SD in 28 abstinent healthy pregnant women who had 
follow-up throughout pregnancy. Alcoholic women (@); heavy drinkers (Å); moderate drinkers (0). 
Note the logarithmic scale for y-glutamyl transferase. ©; &, and C indicate values in women who 
gave birth to infants with alcohol effects. 
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Fig. 2. Individual mean cell volumes (femtoliters) i in pregnart women with alcohol abuse. See legend 
to Fig. 1 for symbols. 
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Table IV. Sensitivity, specificity, predictive 
value, and relative risk of increased y-glutamyl 
transferase and mean cell volume in 
predicting fetal alcohol effect 


y-Glutamyl | Mean cell 
transferase volume Significance 


Sensitivity (%) 61.5 40.9 p <0.001 
Specificity (%) 78.5 87.9 p < 0.01 
Predictive value (%) 59.3 65.3 . NS 


Relative risk 2,5] 2.40 NS 


NS = Not significant. 


Therefore the mean + 2 SD was taken as the upper 
reference limit. These were 24.5 U/L for y-glutamy] 
transferase and 96.6 fl for mean cell volume (Figs. | 
and 2). A total of 94.8% of the y-ghutamyl transferase 
values (128 of 135) and 95.6% of the mean cell volume 
values (132 of 138) in the control women were within 
the reference range. 

Maternal alcohol abuse directly correlated with in- 
creased y-glutamyl transferase and mean cell volume 
values (Figs. 1 and 2). Both markers revealed mater- 
nal alcohol abuse in relation to its severity, but the 
y-glutamyl transferase was more sensitive (Table II). 
Increases in y-glutamy! transferase and mean cell vol- 
ume did not always coincide, and therefore the com- 
bined use of the markers resulted in the greatest effi- 
cacy in revealing alcohol abuse (Table IID). 

The rate of increased y-glutamyl transferase and 
mean cell volume values decreased from 28 weeks of 
gestation onward (Fig. 3). A high y-glutamyl transfer- 
ase or large mean cell volume predicted the develop- 
ment of fetal alcohol effects (Figs. 1 and 2, Table IV). 
+-Glutamy] transferase was more sensitive but less spe- 
cific than mean cell volume, whereas predictive values 
and relative risks were fairly similar (Table III). 


Comment 


Approximately 40% of pregnant alcoholic women 
but only one of 600 to 700 unselected parturients give 
birth to infants with complete fetal alcohol syndrome; 
milder forms of fetal alcohol effects are at least twice 
as common." An excessive amount of alcohol is the most 
common known teratogen today. The only way to pre- 
vent fetal alcohol effects is to identify problem drinkers 
before pregnancy or as soon as possible during preg- 
nancy, when the fetus may not yet be damaged, and 
to counsel these women to refrain from alcohol 
use. 

We assessed the usefulness of y-glutamyl] transferase 
and mean cell volume in revealing alcohol abuse in 
pregnant women who were known to have alcohol 
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Fig. 3. The rate of high y-glutamyl transferase (GGT) and 
mean cell volume (MCV) in pregnant alcoholics (®) and in 
women with heavy (4) or moderate (0) alcohol use in relation 
to gestational age. 


problems and who could have follow-up throughout 
pregnancy. Forty-two of the women (49%) had drunk 
so much before entering our project or drank so heavily 
after registration that their fetuses were damaged. 
From such cases we could also evaluate the efficacy of 
y-glutamyl transferase and mean cell volume tests in 
predicting fetal alcohol effects. 

Long-term excessive consumption of alcohol leads to 
increased serum y-glutamyl transferase, either by direct 
damage to the liver cell or by the induction of micro- 
somal enzymes in the absence of overt damage; it leads 
to increased mean cell volume by the direct action of 
ethanol on the developing erythroblasts.’° In contrast 
to identification of blood ethanol level, these changes — 
can remain detectable for weeks. Alcohol abuse often 
remains unrecognized during pregnancy because 
women drinkers seem to be able to refrain from drink- 
ing for a couple of days before follow-up visits at their 
prenatal centers. This was also seen in the present 
study, since only 7% of the blood samples contained 
detectable levels of ethanol (Halmesmäki E, unpub- 
lished data). 

The y-glutamy! transferase level is high in two thirds 
of pregnant alcoholic women and one third of pregnant 
heavy drinkers. This fits well with the data on non- 
pregnant alcoholic women of whom 50% to 80% have 
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increased y-glutamyl transferase levels.**° One study 
group has assessed the value of y-glutamyl transferase 
as a screening method for alcohol consumption during 
the first trimester of pregnancy.” In this study 13% of 
669 women had consumed more than 30 gm of ethanol 
per day, and two produced infants with fetal alcohol 
effects.'° Only 25% of these women had an increased 
y-glutamyl transferase value." It is likely that the av- 
erage alcohol consumption of our patients was higher 
than that in the previous study, since much higher 
rates of fetal alcohol effects and increased serum levels 
of y-glutamyl transferase were found in our study. 

The mean cell volume test is a less sensitive marker 
than ‘y-glutamyl transferase for detection of alcohol 
abuse during pregnancy, as it also is in nonpregnant 
subjects.” °° This difference is at least partly explained 
by the long life span of erythrocytes. Alcohol-induced 
biochemical change that causes macrocytosis is fully re- 
flected in the mean cell volume value only after 120 
days. For this reason mean cell volume may reflect bet- 
ter the long-term alcohol effects, whereas y-glutamy! 
transferase responds more rapidly. An increased mean 
cell volume also was found more often with advancing 
gestation (Fig. 3). This may suggest that in pregnancies 
complicated with alcohol abuse, the sensitivity of eryth- 
roblasts to ethanol increases. Folic acid deficiency 
and/or smoking may be factors in this regard because 
they both may lead to increased mean cell volume. 

No prenatal diagnostic methods exist for fetal alcohol 
effects. An elevated y-glutamyl transferase level pre- 
dicts fetal alcohol effects relatively well, whereas the 
sensitivity of mean cell volume is low but the specificity 
high. In predicting fetal alcohol effects the sensitivity 
and specificity of these rather simple laboratory meth- 
ods compare favorably with those of low levels of 
a-fetoprotein and B,-glycoprotein in: maternal serum." 
Although prenatal measurement of y-glutamyl trans- 
ferase and mean cell volume can be used to evaluate 
the risk of fetal alcohol effects, we do not yet have any 
effective preventive treatments for subjects who cannot 
stop drinking. 

The responses of ‘y-glutamyl transferase and mean 
cell volume to alcohol were not uniform, and mean cell 
volume was increased in 6.7% to 17.2% of the samples 


with normal y-glutamyl transferase levels. A combined. 


use of y-glutamyl transferase and mean cell volume 
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thus revealed the maternal alcohol abuse better than 
did either test alone. Furthermore, although the ma- 
jority of patients (65%) reported a reduced alcohol use 
during follow-up visits (Halmesmäki E, unpublished 
data), y-glutamyl transferase values remained high to 
32 weeks of pregnancy, and high mean cell volume 
values became more frequent. This may imply that con- 
trary to their own reports, the patients failed to reduce 
their alcohol use (and/or smoking) until the last 6 to 8 
weeks of pregnancy. y-Glutamyl transferase and mean 
cell volume measurements may therefore be used as 
objective indices of the efficacy of alcohol counseling 
in pregnant problem drinkers. 

In conclusion, increased ‘y-glutamyl transferase 
and/or mean cell volume reveal maternal alcohol abuse 
during pregnancy so reliably that these markers should 
be determined routinely, at least in women with rec- 
ognized or suspected alcohol problems. 
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Progesterone synthesis by human amnion, chorion, and 


decidua at term 


B. F. Mitchell, M.D., J. R. G. Challis, Ph.D., D.Sc., and L. Lukash, B.Sc. 


London, Ontario, Canada. 


We investigated the ability of human fetal membranes to produce progesterone from a variety of 
substrates. Chorion is more active than decidua, and amnion produces little progesterone. Cholesterol! or 
low-density lipoprotein cholesterol was not used as a substrate. Chorion used pregnenolone, pregnenolone 
sulfate, and 20a-dihydroprogesterone for progesterone synthesis. Decidua also used these three 
substrates but produced significantly less progesterone than chorion. Amnion used 

only 20a-dihydroprogesterone as a substrate. Exogenous human chorionic gonadotropin or 
gonadotropin-releasing hormone or its analogues did not influence progesterone production by any of 
the tissues. There were several significant changes in substrate usage for progesterone synthesis by the 
tissues around the time of the onset of labor. Tissue concentrations of progesterone are approximately 

4 ng/mg protein, and it appears that local production rates could completely account for this. These data 
are compatible with the hypothesis that local regulatory mechanisms may determine progesterone 
concentrations in fetal membrane tissues and that important changes may occur around the time of the 


onset of parturition. (AM J OBSTET GYNECOL 1987;157:349-53.) 
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Several studies in recent years have demonstrated the 
ability of human fetal membranes to synthesize and 
metabolize progesterone.’ We have hypothesized that 
local paracrine events may regulate tissue progesterone 
concentrations within the fetal membranes, and these 
in turn may modify myometrial contractility. Investi- 
gations in our laboratory have shown that pregneno- 
lone can be used as a substrate for progesterone syn- 
thesis and that chorion is the most active tissue in this 
regard.’” We also demonstrated that other steroid hor- 
mones can modify this reaction." * The studies pre- 
sented here extend our observations into progesterone 
synthesis by human amnion, chorion, and decidua. 

It is well established that human chorionic gonado- 
tropin (hCG) stimulates progesterone production in lu- 
teal cells. Recent studies®” have demonstrated an effect 
of gonadotropin-releasing hormones (GnRH) on pla- 
cental progesterone production. Thus we have per- 
formed studies to investigate the potential regulation 
of pregnenolone conversion to progesterone by hCG 
and GnRH or its analogues. 
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Pregnenolone may be derived from two potential 
sources. It is well established that many tissues that 
secrete steroids use cholesterol associated with low- 
density lipoprotein as a source of substrate. Alterna- 
tively, pregnenolone may be produced from the hy- 
drolysis of the high concentrations of pregnenolone 
sulfate, which are present in late human pregnancy." 
In placental tissue progesterone also may be synthe- 
sized by conversion of one of its own metabolites, 
20a-dihydroprogesterone.’? We have investigated the 
ability of human fetal membrane tissues to use these 
various substrates for synthesis of progesterone. 

If we are to hypothesize that local progesterone pro- 
duction within the fetal membranes may be an impor- 
tant regulator of local tissue progesterone concentra- 
tions, we must gain information concerning the amount 
of progesterone necessary to suffice local requirements. 
Thus we have measured endogenous progesterone 
concentrations within the amnion, chorion, and de- 
cidua at term. 


Material and methods 


Fetal membrane tissues were obtained immediately 
after delivery from women with uncomplicated preg- 
nancies who gave birth at 38 to 42 weeks of gestation. 
Delivery occurred either after spontaneous onset of 
labor and vaginal delivery or by elective repeat cesarean 
section before the onset of labor. No oxytocics, nar- 
cotics, anesthetic agents, or antibiotics were used before 
delivery. Continuous epidural analgesia was provided 
for cesarean sections and most vaginal deliveries. 


Q2AQ 
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Table I. Effect of hCG and GnRH on 
progesterone synthesis from pregnenolone by 


dispersed cells 
Chorion Decidua 
(n = 8) (n = 4) 


313 + 7.0 53 
24.6 +5.) 4.2 


Substrate 


Control 

Pregnenolone (1 pg) 
Pregnenolone + hCG (10 IU) 
Pregnenolone + GnRH (10 ng) 


Values are mean + SEM (nanograms bf progesterone pro- 
duced per 10° cells per 4-hour incubaticn period). 


The tissues were rinsed immedicztely in cold saline 
solution. The amnion was bluntly dissected from the 
choriodecidua and the decidua gently separated from 
the chorion. The tissues were either (1) minced and 
dispersed with 0.05% collagenase, as described previ- 
ously,' or (2) cut into explants and incubated in minimal 
essential medium.” In both systems. two to four repli- 
cates were performed for each incubation. The dis- 
persed cell incubations were conducted for 4 hours in 
room air at 37° C on a metabolic shaker. Each tube 
contained 75,000 to 200,000 cells (excluding red blood 
cells), and results were expressed as the amount of pro- 
gesterone produced per 10° cells/4 hours. Cells were 
counted with a hemocytometer, and viability was as- 
sessed by trypan blue exclusion, which was always 
>90%. The tissue explants were incubated for 4 or 24 
hours in 95% oxygen and 5% carben dioxide at 37° C. 
Results were expressed as progesterone produced per 


milligram of tissue protein per 4 o> 24 hours. Protein 


was estimated with the method of Lowry et al.’° 

To measure endogenous progesterone concentra- 
tions, tissue samples were obtained from sites near 
(within 2 cm) the edge of the placertal disc, at the edge 
of the membranes most distant from the placenta, or 
an area midway between these two. The tissues were 
homogenized with a Brinkmann Palytron (Brinkmann 
Instruments, Inc., Westbury, New York). The crude 
homogenates were extracted twice with 5 volumes of 
diethyl ether. Extraction recovery was calculated with 
parallel tubes with the addition of radiolabelled pro- 
gesterone. Extraction efficiency was >90%. The ether 
was evaporated and endogenous progesterone mea- 
sured by radioimmunoassay. 

All steroids were obtained trom Steraloids Inc., 
Wilton, New Hampshire. The pregnenolone and 
20a-dihydroprogesterone were recrystallized before 
use. The pregnenolone sulfate was extracted with 
ether before use to remove any spontaneously hydro- 
lyzed product. The low-density lipoprotein choles- 
terol was prepared from human blasma by ultracen- 
trifugation and was generously supplied by Dr. Mur- 
ray Huff of the Department of Internal Medicine, 
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Table II. Use of pregnenolone and cholesterol 
for progesterone synthesis by tissue explants 
(N = 6 patients) 


Substrate Decidua 
Control 31.5 + 4.8 Lio + 3.2 
Pregnenolone (1 pg) 1057 + 213 673 + 150 
Cholesterol ( ug) 30.7 + 5.9 21.9 + 5.4 
Low-density lipoprotein 27.6 + 6.9 18.6 + 4.7 

cholesterol (5 wg) 
Low-density lipoprotein 36.6 + 7.0 20.5 + 3.8 


cholesterol (50 ug) 


Values are mean + SEM (nanograms of progesterone pro- 
duced per milligram of tissue protein per 24-hour incubation 
period). 


University Hospital, London, Ontario, Canada. The 
GnRH and analogues were the generous gifts of Drs. 
E. R. Plunkett, Kalyan Sundaram and C. W. Bardin of 
the Population Council, New York, New York. The 
analogues tested included [(imBzl)-D-His°,Pro*-NEt]- 
GnRH; [D-Trp*,Pro’-NEt]-GnRH; [D-Ser-TBU)*- 
NEt]-GnRH; [D-Trp*]-GnRH; [AcD-Pro',pFD-Phe’, 
D-Trp* °]-GnRH; [4CH,-D-Phe®,Pro®-NEt]-GnRH; 
[4NO,-D-Phe®,Pro®-Net]-GnRH, as well as native 
GnRH. The hCG was obtained commercially (A.P.L., 
Ayerst, Montreal, Quebec, Canada). Radiolabelled pro- 
gesterone was obtained from New England nu er 
(North Billerica, Massachusetts). 

The radioimmunoassay for progesterone has been 
validated previously for this system.” Assay blanks 
were subtracted where appropriate to correct for 
cross-reactivity of the substrates. Two to four replicates 
were performed for each incubation, and a single ali- 
quot of each was assayed. Separate incubations were 
used to estimate recovery, and all data were corrected 
for recovery. Statistical comparisons were performed 
with a one-way analysis of variance. 


Results 


Dispersed cells from the chorion or decidua secreted 
progesterone, and this was increased markedly by the 
addition of pregnenolone to the incubations (Table I). 
As shown previously,’ chorion was significantly more 
active in this regard than decidua. Amnion (data not 
shown) was almost devoid of such activity. The addition 
of hCG or GnRH had no significant effect on the pro- 
gesterone production. In further experiments (data not 
shown), we determined that GnRH and seven ana- 
logues (see Material and methods) in concentrations of 
10, 10°, and 10° pg/ml had no effect on the conversion 
of pregnenolone to progesterone. In 24-hour incuba- 
tions of tissue explants of chorion and decidua, the 
basal secretion of progesterone again was greatly in- 
creased by the addition of pregnenolone (Table II). 
However, we were unable to detect any use of choles- 
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Table III. Use of pregnenolone, pregnenolone sulfate, and 20a-dihydro-progesterone for progesterone 
synthesis by tissue Pe pant D = 10 patients in each group) 


Pregnenolone Pregnenolone sulfate 20a-dihydro-progesterone 
Control (d ug) “(1 ug) (1 pg) 





Amnion 
Spontaneous labor 1.7 + 0.2 1.4 + 0.3 0.7 + 0.1 13.6: £+-1.9* 
Cesarean section L707 1.0 + 0.2 0.9 + 0.2 20.7 + 2.4* 
Total group 1.7 + 0.4 1.2 + 0.2 0.8 + 0.1 17.0216 
Chorion 
Spontaneous labor 7.8 + 2.2 98.3 + 15.8 46.0 + 6.9 3L9 5:1] 
Cesarean section 7.4 +22 96.4 + 10.8 43.2 + 6.0 46.2 + 8.7 
Total group T615 97.4 + 9.6 44.7 + 4.6 394 2 51 
Decidua 
Spontaneous labor 2.0 + 0.5 li2 + 24* 6.0 + 0.9% 44 + 0.6 
Cesarean section 2.1- £03 26.8 + 6.3* 3r- 2.5" 5.5 + 0.8 
Total group 21203 18.6 + 3.4 9.4 + 1.4 5.0 + 0.5 


Values are mean + SEM (nanograms of progesterone produced per milligram of tissue protein per 4-hour incubation period). 


*Significant (p < 0.05) difference between spontaneous labor and cesarean section groups by analysis of variance. 


Table IV. Endogenous tissue concentrations of progesterone in human fetal membranes 


(N = 24 pave) 


Amnion Chorion j Decidua 


Full thickness 


Spontaneous labor 3i +03 59 + 1.0 46 + 06 42 + 0.2 
Cesarean section 2.8 + 0.5 46+ 04 44+ 0.7 43+ 0.3 
Total group 3.0 + 0.3 5.3 + 0.6 45+ 0.4 4.3 + 0.2 


Values are mean + SEM (nanograms of progesterone per milligram of tissue protein). 


terol or low-density lipoprotein cholesterol for proges- 
terone synthesis by either tissue. In these experiments 
we did not detect a difference in basal progesterone 
secretion or conversion of pregnenolone to progester- 
one between the tissues obtained from the patients who 
had spontaneous onset of labor compared with those 
from patients delivered by elective cesarean section be- 
fore labor. | 

Use of other steroids for progesterone synthesis is 
shown in Table II. Tissue explants of amnion show 
very little basal secretion of progesterone in 24-hour 
incubations and demonstrate no ability to use preg- 
nenolone or pregnenolone sulfate as a substrate. How- 
ever, 20a-dihydroprogesterone i is readily converted to 
progesterone, and tissues obtained from women who 
have a cesarean section before labor perform this ac- 
tivity better than those obtained from patients after 
spontaneous onset of labor and vaginal delivery. 

Chorion explants used pregnenolone, its sulfate, and 
20a-dihydroprogesterone for progesterone synthesis. 
The increased ability of tissues from cesarean section 
to use 20a- -dihydroprogesterone approached statistical 
significance (p = 6,08). Decidua also was able to con- 
vert all three substrates to progesterone but to a much 
lesser extent than chorion. However, when provided 
with pregnenolone or its sulfate as substrate, the de- 
cidual explants obtained before labor secreted more 


progesterone than those obtained after spontaneous 
labor and vaginal delivery. 

The data of Table III clearly established the relative : 
ability of the three tissues to secrete progesterone. Cho- 
rion is greater than decidua, which is greater than am- 
nion, except in the presence of 20a-dihydroprogester- 
one when amnion secretes more progesterone than de- 
cidua. 

The endogenous tissue concentrations of progester- 
one are approximately 4 ng/mg of tissue protein (Ta- 
ble IV). In the 10 patients in either subgroup or in the 
total group, the concentration af progesterone was not 
different between chorion and decidua, but both were 
greater than amnion (p < 0.05). There was no signif- 
icant change in tissue concentrations of progesterone 
with increasing distance from the placenta (Table V). 


Comment 


We have demonstrated that all three igen of human 
fetal membranes have the ability to secrete progester- 
one. Chorion is the most active layer in this regard but 
appears to show no significant change associated with 
the timing of the onset of labor. Decidua, though less 
active than chorion, does show a significant decline in 
the ability to produce progesterone associated with the 
onset of labor, The increased ability of decidua to use 
pregnenolone for progesterong pr oduction was not 
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Table V. Endogenous tissue concentrations of 
progesterone in full-thickness pieces of human 
fetal membranes in relation to distance from 

the placenta (N = 


19 patients) 





Tissue progesterone| Concentration found 
concentration | near the placental 










(nglmg ae edge (J) 
Near placental edge “44204 — 
Middle 3.7 + 0.4 88.1 + 7.1 
Distant from placenta 4.2 + 0.5 101.6 + 15.6 





Values are mean + SEM. 


noted in the early experiments but only became ap- 
parent when larger patient groups were studied. Am- 
nion tissue apparently possesses very little ability to 
produce progesterone except when provided with 
20a-dihydroprogesterone as substrate. In this instance, 
there again appears to be a significant decline in pro- 
gesterone secretion associated with the onset of labor. 

_The present experiments suggest that neither cho- 
lesterol nor low-density lipoprotein cholesterol are sig- 
nificant substrates for progesterone production by hu- 
man fetal membranes. Even if longer incubations or 
long-term monolayer cultures of isolated cells were 
able to demonstrate low-density lipoprotein cholesterol 
usage, it would be unlikely to be of major physiologic 
importance in view of the apparent ability of the tissues 
to: readily use other substrates that are available in 
abundant supply. Although chorion production of pro- 
gesterone was greater with pregnenolone, in view of 
the much greater concentrations of pregnenolone sul- 
fate available in late pregnancy, it may be that the sul- 
furylated form of the substrate is the most important 
physiologic: progesterone precursor. Other studies in 
our laboratory!" have demonstrated that the fetal mem- 
branes contain an active sulfohydrolase enzyme that 
possesses a lower Michaelis constant for pregnenolone 
sulfate than for either estrone sulfate or dehydroepi- 
androsterone sulfate. Currently it is unclear whether 
all sulfurylated steroids share the same sulfohydrolase 
enzyme or whether there are separate substrate-specific 
enzyme subtypes. The regulation of sulfohydrolase ac- 
tivity for pregnenolone sulfate may be an important 
determinant of ultimate progesterone secretion by 
these tissues. 

Our present experiments were unable to detect any 
effect of hCG or GnRH on progesterone secretion. In 
this respect, the chorion trophoblast appears to behave 
in a different fashion than placental trophoblast, where 
progesterone production is influenced by GnRH.*’ 
There remains some confusion as to whether proges- 
terone secretion is increased® or decreased’ by exoge- 
nous GnRH in cultures of placental trophoblast. 

We have noted? previously that androgens may in- 
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hibit the conversion of pregnenolone to progesterone. 
Estrone and estradiol also appear to have an inhibi- 
tory effect on progesterone production in dispersed 
cells,’ but this was not observed with the tissue explant 
system.” It has been demonstrated that 5a-reduced 
metabolites such as 5a-dihydrotestosterone and 5a- 
pregnanediol, when coincubated with pregnenolone, 
lead to an increase in progesterone secretion. This ob- 
servation with 5a-dihydrotestosterone suggests that 
the effect is caused by inhibition of the 5a-reduction 
metabolic pathway rather than an oxidation of the 
5a-reduced metabolite back to progesterone. The po- 
tential importance of 20a-dihydroprogesterone as a 
precursor to progesterone is of interest. It has been 
demonstrated isotopically that this is caused by a con- 
version of the reduced metabolite back to progesterone 
rather than an inhibition of further metabolism of en- 
dogenously produced progesterone.” It has become 
apparent that the enzyme 20a-hydroxysteroid dehy- 
drogenase, which catalyzes this interconversion, is the 
same active site on the same molecule as the enzyme 
17-hydroxysteroid dehydrogenase that catalyzes the in- 
terconversion of estrone and estradiol."* ™ Thus the 
enzyme that inactivates progesterone by reduction at 
the 20 position is the same enzyme that increases the 
biologic activity of estrone by converting it to estradiol. 
A change in the velocity of this enzyme may have a 
significant effect on the biologic estrogen-progesterone 
activity within local tissues. Ongoing experiments 
in our laboratory involve the investigation of the 
kinetics of the 17,20-hydroxysteroid dehydrogenase 
enzyme. 

When comparing the ability of the fetal membrane 
tissues to produce progesterone with the endogenous 
progesterone concentrations, it appears quite feasible 
that the local tissues are capable of synthesizing com- 
plete local requirements. The lack of demonstration of 
a gradient of progesterone with increasing distance 
from the placental edge suggests that simple diffusion 
of progesterone from the placenta does not account for 
local tissue concentrations. These findings are com- 
patible with our hypothesis that regulation of local pro- 
gesterone production’ may be the principle regulator 
of local’ progesterone tissue concentrations. 

Although we were unable to demonstrate a change 
in tissue progesterone concentrations associated with 
the timing of the onset of labor, this does not pre- 
clude a significant change in progesterone concentra- 
tions at some important intracellular sites. Several lines 
of evidence indicate that progesterone may influence 
prostaglandin generation, and this in turn may de- 
termine myometrial contractility.’ Thus it is possible 
that the provision of substrate and the activity of en- 
zymes, particularly steroid sulfohydrolase and 17,20- 
hydroxysteroid dehydrogenase may regulate local tis- 
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sue progesterone concentrations, which in turn may 
influence the timing of the onset of parturition. 
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Antepartum predictors of fetal distress in postterm pregnancy 


Clifford J. Bochner, M.D., Arnold L. Medearis, M.D., Jane Davis, M.D., 
Gary K. Oakes, M.D., Calvin J. Hobel, M.D., and Maclyn E. Wade, M.D. 


Los Angeles, California 


The purpose of this study was to determine the efficacy of combining nonstress testing with ultrasound 
assessment of amniotic fluid volume for the antenatal evaluation of the postterm fetus. Postterm patients 
(884) were managed with amniotic fluid assessments and nonstress tests {including evaluation for variable 
and late decelerations) twice a week. There were no perinatal deaths or major neonatal morbidity. 
However, the antenatal testing sensitivity, specificity, negative, or positive predictive values were not 
improved by combining the two tests. Individually, amniotic fluid assessrnent was just as accurate a 
predictor of fetal well-being and was a significantly more sensitive test than the nonstress test. In addition, 
antenatal predictors of fetal distress and intrapartum signs of fetal distress were almost exclusively those 
reflective of umbilical cord compromise. These findings stress the importance of antenatal screening for 
signs of umbilical cord compromise as an early indication of potential fetal compromise. Although the 
results also suggest that amniotic fluid assessment is superior to the nonstress test, they do not 
conclusively support the use of amniotic fluid assessment as the sole parameter for postterm antenatal 


surveillance. (AM J OBsTET GYNECOL 1987;157:353-8.) 
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Antepartum fetal surveillance is used in postterm 
pregnancies in an attempt to avoid unnecessary inter- 
vention and to predict fetal compromise before per- 
manent damage occurs.’* Nonstress testing (NST) and 
contraction stress testing (CST) were designed to detect 
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Table I. Study population delivery and perinatal outcome separated according to the final antepartum 


testing results 











Outcome 

Total patients 715 

C/S for fetal distress 6 0.8 
C/S for other indications 14] 19.7 
1 min Apgar score <7 31 4.3 
5 min Apgar score <7 6 0.8 
Early labor heavy meconium 49 6.9 
Birth weight <10th percentile 44 6.2 
Major perinatal morbidity 0 0.0 
Mortality . 0 0.0 


AF = Amniotic fluid; C/S = culture and sensitivity; NS = 
*N onreactive and/or decelerations. 


Reactive NST and — 
normal AF 


Abnormal NST* 









and/or 
decreased AF Total population 
s 
169 884 

0.0001 27 16.0 33 3.7 
NS 27 16.0 168 19.1 
NS 16 9.5 47 53 
NS 2 1.2 8 0.9 
NS 18 10.7 67 7.6 
NS 9 5.3 53 6.0 
0 0.0 0 0.0 

0 0.0 0 0.0 


not significant. 


tSeizures, sévere meconium aspiration, apnea, prolonged hospital stay. 


antepartum signs suggestive of uteroplacental insuffi- 
ciency, including the absence of fetal heart rate (FHR) 
reactivity and/or the presence of late decelerations." > 
However, the use of these tests in postterm pregnancies 
has been criticized because of their documented high 
percentage of false positive results and instances of 
falsely reassuring results.” ° 

In. recent years clinical studies have noted that there 
are additional antepartum signs suggestive of fetal com- 
promise in postterm pregnancies, including variable 
decelerations on FHR tracings and decreased amniotic 
fluid on ultrasound examination.” °“? These findings 
have been associated with a significantly increased in- 
cidence of poor perinatal outcome even when the tra- 
ditional FHR signs of uteroplacental insufficiency were 
not present. 

The purposes of this study were (1) to determine 
whether the combined use of NST and ultrasound am- 
niotic fluid assessment improves the accuracy of póst- 
term antepartum testing and (2) to dévelop insight into 
the importance of postterm assessment of antepartum 


parameters reflective of umbilical cord compromise rel-` 


ative to parameters reflective of aieropiacc atl in- 
inay 


Material and methods 


The study population consisted of 884 uncompli- 
cated cases of postterm patients referred to the Cedars- 
Sinai Medical Center’s antepartum testing unit between 
January 1, 1983 and May 1, 1986. Patients were re- 
ferred from its clinics, private practices, and an affili- 
ated health maintenance organization. These patients 
had all reached 41 to 42 completed weeks of gestation. 
Gestational age was determined by using combinations 
of early dating criteria, including an accurate last men- 


strual period, first trimester uterine examination, tim- 
ing of initial auscultated fetal heart tones, and first- or 
second-trimester ultrasound examination. To be in- 
cluded in the study patients had to be delivered within 
4 days of antepartum testing, be beyond 42 completed 
weeks of gestation at delivery, and had to have received 
a trial of labor. ' 

Antenatal evaluation. A standard fetal monitor 
equipped with an ultrasound transducer and external 
tokodynamometer was used to record uterine contrac- 
tions, FHR, and fetal movements. Amniotic fluid vol- 
ume was evaluated with an ADR linear-array real-time 
ultrasound scanner (Model 4000, Advanced Technol- 
ogy Limited, Seattle, Washington) by placing a trans- 
ducer perpendicular to the uterine wall and measuring 
the largest vertical pocket of amniotic fluid. 

NST interpretations were classified by the criteria of 
Keegan and Paul.” The CSTs were performed and clas- 
sified according to. the standard protocol and criteria 
of Freeman et al.' The FHR strips were also reviewed 
for bradycardias (decrease of 40 bpm or rate <90 bpm 
for longer than | minute") and significant variable de- 
celerations (decrease of at least 15 bpm from baseline 
for longer than 15 seconds, excluding those after an 
acceleration"). The amniotic fluid volume was consid- 
ered adequate if at least one pocket measured 3-cm 
vertically and was considered decreased if the largest 
yertical pocket was <3 cm. 

At this time there is no consensus regarding the ul- 
trasound definition of decreased amniotic fluid. Pre- 
vious studies’? have shown an increased incidence of 
fetal distress related to vertical pockets <1 cmt or 
2 cm.” Therefore, as a conservative measure, a 3 cm 
vertical pocket was chosen to minimize false negative 
results. 
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Table II. Comparison of NST versus amniotic fluid assessment, accurate for determining intrapartum 
fetal distress 








Test | Test reults | 


Nonstress test* (includ- tog 
ing decelerations) — 140 119 

p Value 

Amniotic fluid 809 — 798 
assessment* — 75 53 


*p Value <0.0001. 


} Outcome | 






Predictive value 


Negative 
% 






Positive 


% 


Specificity 


63.6 86.8 98.4 18.9 
1 

NS <0.01 NS —- 
l1 66.7 94.7 98.6 28.9 
22 


Table ITI. Predictive values of amniotic fluid assessment in conjunction with NST results 







Amniotic fluid 





NST results 





Reactive 


— 99 
Nonreactive 39 — 
— 22 
Reactive variables 32 — 
— 16 
Nonreactive variables 15 — 

— 8 
Late decelerations 8 = 
ENS 
tp < 0.05 
tp < 0.001 
§NS 
lp < 0.05 
fp < 0.01 


The twice-weekly antepartum testing protocol in- 
cluded amniotic fluid assessment, NSTs, and, when 
necessary, CSTs. The NSTs were performed for up to 
40 minutes, with abdominal stimulation if the test was 
not reactive after 20 minutes, followed by amniotic fluid 
assessment. A nonreactive NST was repeated 2 hours 
later if the amniotic fluid was determined to be ade- 
quate and the cervix was unfavorable for induction. A 
CST was done if the NST was again nonreactive. If the 
CST was negative, patients were retested in 3 to 4 days. 
Abnormal testing that led to labor induction included 
(1) decreased amniotic fluid, (2) bradycardias or re- 
petitive variable or late decelerations during the NST 
or CST, (3) a nonreactive NST in a patient subsequently 
noted to have an inducible cervix. Patients with normal 
testing were seen twice a week until they went into labor 
or labor was induced at the discretion of their personal 
physician. 

All patients were managed with continuous electronic 
FHR monitoring throughout labor. Fetal distress in la- 
bor was defined clinically as either (1) repetitive late 





Outcome Predictive values 





Positive 


(%) 


709 6 (0.8) 99.2 20.7 
23 6 (20.7)$ 
38 1 (2.5) 94.7§ 99.78 
17 5 (22.7) 
30 2 (6.3)+ 93.8] 37.58 
10 6 (37.5) 
13 2 (13.3)t 86.79 62.58 
3 5 (62.5)t 
8 0 100 NA 


As compared with the incidence of fetal distress in patients with a reactive NST and adequate amniotic fluid. 


As compared with the predictive values of amniotic fluid in conjunction with a reactive NST. 


decelerations, (2) repetitive moderate to severe variable 
decelerations with either a pH of <7.20 or decreased 
variability, or (3) prolonged bradycardia. Monitor trac- 
ings were classified in accordance with definitions de- 
scribed by Freeman and Garite."* 

Data analysis. The sensitivity, specificity, negative, 
and positive predictive values for fetal distress were cal- 
culated for the NST and amniotic fluid volume assess- 
ment, individually and combined. Statistical analyses 
were done with y’, Fisher’s exact test, or McNemar’s 
test, as appropriate. A p value <0.05 was considered 
Statistically significant. 


Results 


The intrapartum and neonatal outcomes for the 
study population are presented in Table I. The last 
NST and amniotic fluid assessment were normal in 715 
(80.9%) patients and abnormal in 169 (19.1%). Of the 
169 patients with abnormal testing results, 29 had de- 
creased amniotic fluid, 39 had nonreactive NSTs, 32 
had variable decelerations, eight had late decelerations, 
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Table IV. Predictive values of NST parameters in conjunction with amniotic fluid results 


PST 
Amniotic 
fiuid NR Var Decel Normal 
Normal 715 — 709 
— 39 — 38 
— — 47 43 
Decreased 29 — — 23 
—_— 22 — 17 
— — 24 13 


Outcome | 


Predictive values 


F -— distress Positive (%) 


Negative 
N (%) N Var Decel 
2.6 8.5 


6 99.2 
1 n 
4 8.57 
6 20.74 79.3 22.7% 45.8§ 
5 22. If 
1] 45.84 





R = Reactive; NR = nonreactive; Var Decel = variable decelerations. 


*NS 
tp < 0.05 
tp < 0.001 


As compared with the incidence of fetal distress in patients with a reactive NST and adequate amniotic fluid. 


$p < 0.01, As compared with the predictive values of the NST result in conjunction with normal amniotic fluid. 


Table V. Comparison of the sensitivities of 
combinations of antepartum testing 
parameters to detect patients with fetal distress 





Patients with 
fetal distress 







Total 33 100.0 
Any abnormal testing parameters 27 82.0 
Decreased AF, variable decel- 26 78.8* 
erations 
Decreased AF, NR NST 23 69.7* 
Decreased AF 22 66.7*§ 
Abnormal NST (NR, decel- 21 63.67 
erations) 
Variables 15 45.54 
NR NST 13 39.4t 
AF = Amniotic fluid; NR = nonreactive. 
*NS 
As compared with the sensitivity with all 
LP ae abnormal test parameters. i 
tp < 0.001 
§NS Compared with decreased AF and vari- 
lp < 0.01 able decelerations. 


and 61 had combinations of more than one abnormal 
parameter. There were no perinatal deaths or major 
neonatal morbidity, including seizures, severe meco- 
nium aspiration, or apnea. However, the group with 
abnormal final antepartum testing results did have a 
significantly higher incidence of cesarean section for 
fetal distress as compared with the group with normal 
testing (p < 0.001). Of the 33 patients who had cesar- 
ean sections for fetal distress, 32 had either moderate- 
to-severe variables or prolonged bradycardias, and one 
had combined repetitive variable and late decelerations. 
The NST (including evaluation for decelerations) is 
compared with amniotic fluid assessment in Table II. 
For both tests there was a highly significant difference 


in the incidence of fetal distress when the last test was 
abnormal as compared with normal (p < 0.01). Both 
tests had extremely accurate negative predictive values 
(>98%) and poor positive predictive values (<30%). 
Although amniotic fluid assessment had a significantly 
greater sensitivity than the NST (p < 0.01), the speci- 
ficities and negative predictive values were not signif- 
icantly different between the tests. It was not appro- 
priate to statistically compare the positive predictive 
values because patients were not randomized to alter- 
nate management schemes. 

The predictive values of amniotic fluid assessment in 
conjunction with a reactive or abnormal NST and the 
NST in conjunction with adequate or decreased am- 
niotic fluid are shown in Tables IH and IV. 

The negative predictive value of a reactive NST com- 
bined with adequate amniotic fluid was not significantly 
greater than that of either test alone (Tables II to IV). 
The positive predictive values of decreased amniotic 
fluid, a nonreactive NST, variable decelerations, and 
late decelerations were 20.7%, 2.5%, 6.3%, and 0%, 
respectively, when each of the other parameters were 
normal (Table IV). 

When amniotic fluid was adequate, its negative pre- 
dictive value was not significantly different whether the 
NST was reactive or nonreactive (Table IV). However, 
its negative predictive value was significantly less when 
the NST contained variable decelerations. When am- 
niotic fluid was decreased, its positive predictive value 
was not significantly different, whether the NST was 
reactive, nonreactive, or contained decelerations (Ta- 
ble IV). The negative predictive value of a reactive NST 
was significantly less when amniotic fluid was de- 
creased, whereas the positive predictive value of an 
abnormal NST was significantly less when amniotic 
fluid was adequate (Table IV). 

The testing sensitivities of the abnormal antepartum 
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testing parameters are listed in Table V. The abnormal 
NST parameters combined with decreased amniotic 
fluid helped to detect 27 (82%) of the patients with 
eventual fetal distress. This was a significantly greater 
percentage than was identifed by the NST alone 
(p < 0.01) but was not a significantly greater percent- 
age than was identified by amniotic fluid assessment 
alone. The combination of decreased amniotic fluid 
and/or variable decelerations helped to detect 26 of 
these 27 patients. 


Comment 


The overall incidence of fetal distress and neonatal 
morbidity in this study was minimal, even though there 
was a significantly increased incidence of fetal distress 
in the abnormal testing group. This suggests that in- 
tervention in the abnormal testing group was under- 
taken before significant fetal compromise. Although it 
is tempting to credit antepartum testing for these ex- 
cellent results, the low incidence of perinatal compro- 
mise may instead be the result of the fact that this was 
a closely followed population, in which patients consid- 
ered to be at high risk were delivered before 42 com- 
pleted weeks of gestation. 

However, the study does stress the importance of 
postterm antenatal screening for signs of umbilical cord 
compromise as an early indicator of potential fetal com- 
promise, relative to signs of uteroplacental insuffi- 
ciency. This is demonstrated by the fact that of all the 
patients with eventual intrapartum fetal distress who 
were correctly identified by antenatal testing, decreased 
amniotic fluid and/or variable decelerations detected 
all but one (Table V). In addition, decreased amniotic 
fluid and variable decelerations were associated with a 
significantly increased incidence of fetal distress, even 
when the NST was reactive (Table III). Conversely, 
nonreactive NSTs or late decelerations were the only 
abnormal parameters in just 28% of the abnormal tests, 
and they were not associated with an increased inci- 
dence of fetal distress as long as amniotic fuid was 
adequate. 

The intrapartum FHR tracing signs of fetal distress 
were reflective of these findings. Of the 33 cesarean 
sections for fetal distress, 97% were done because of 
either prolonged bradycardias or moderate to severe 
variable decelerations. These findings further support 
and extend to the antepartum period the findings of 
Leveno et al.,"* associating the pathophysiology of post- 
term fetal distress almost exclusively with signs reflec- 
tive of umbilical cord compression. As discussed by 
Leveno et al., this does not exclude uteroplacental 
insufficiency as the primary cause of postterm fetal 
compromise. It may be that antepartum signs of um- 
bilical cord compromise are just an earlier reflection of 
uteroplacental insufficiency than the absence of FHR 
reactivity or the appearance of late decelerations. 
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This study also suggests that antepartum testing ac- 
curacy is not improved by combining the NST with 
amniotic fluid assessment. Although the NST and am- 
niotic fluid assessment were each highly accurate pre- 
dictors of fetal well-being, their accuracy was not im- 
proved when the tests were combined (Tables II 
and III). In addition, neither adequate amniotic fluid 
nor a reactive NST provided adequate assurance of 
fetal well-being to avoid pregnancy intervention when 
the other test was abnormal. The only exception was 
that adequate amniotic fluid, in the presence of a non- 
reactive NST without variables, was as reassuring of 
fetal well-being as when the NST was reactive. Indi- 
vidually and combined, these tests were poor predictors 
of intrapartum fetal distress. However, the low inci- 
dence of fetal distress in this population makes it ex- 
tremely difficult to design a test with a high positive 
predictive value without having a detrimental effect on 
the testing specificity and negative predictive values. 
Lastly, the sensitivity of the combined tests was not sta- 
tistically improved over the use of amniotic fluid as- 
sessment alone. 

Because morbidity was minimal and the results did 
not show any statistical improvement to testing accuracy 
from combining the two tests, we considered whether 
one of these tests could be used alone as the sole means 
of postterm surveillance. Individually, amniotic fluid 
assessment was an extremely accurate predictor of fetal 
well-being (98.6%), and it was a significantly more sen- 
sitive test than the NST. These findings, as well as the 
excellent results obtained by Crawley et al.,* who used 
only amniotic fluid assessment, and the fact that am- 
niotic fluid assessment is a fast and inexpensive pro- 
cedure suggest that it is a superior test to the NST for 
postterm fetal surveillance. However, the results of this 
study do not conclusively support the use of amniotic 
fluid assessment alone for postterm fetal surveillance. 
We cannot discount that a prospective randomized 
study may show that amniotic fluid assessment com- 
bined with either an NST, or FHR screening for vari- 
able decelerations has a greater testing accuracy than 
amniotic fluid alone. Perhaps the results of this study 
and the one by Crawley et al.° will permit such a pro- 
spective study. 


REFERENCES 


I. Freeman RK, Garite T, Modaniou H, et al. Postdate preg- 
nancy: utilization of the contraction stress test for preg- 
nancy surveillance. AM J OBSTET GYNECOL 1981;140: 
128. 

2. Eden RD, Gergely RZ, Schifrin BS, et al. Comparison of 
antepartum testing for postdate pregnancy. AM J] OBSTET 
GYNECOL 1982;144:683. 

3. Rochard F, Schifrin BS, Sureau C. Non-stressed fetal 
heart monitoring in the antepartum period. AM J OBSTET 
GYNECOL 1976;126:699. 

4. Manning FA, Platt LD, Sipos L. Antepartum fetal evalu- 
ation: development of a biophysical profile. AM J OBSTET 
GYNECOL 1980;136:787. 


Ne Le a Sassen Sissies 
> 
- 


Bochner et al. 


5. Evertson LR, Gauthier RJ, Collea JV. Fetal demise follow- 
ing a negative contraction stress test. Obstet Gynecol 
1978;51:671. 

6. Miyazaki FS, Miyazaki BA: False reactive non-stress test 
in posterm pregnancy. AM J OBSTET GYNECOL 19815140: 
269. 

7. Phelan JP, Platt L, Yeh S, et al. Continuing role of the 
NST in the management of postdates pregnancy. Obstet 
Gynecol 1984;64:624. 

8. Crawley P, O’Herlihy C, Boylan P. The value of ultra- 
sound measurement of amniotic fluid volume in pro- 
longed pregnancy. Br J Obstet Gynaecol 1984;91:444. 

9. Keegan KA, Paul RH. Antepartum fetal heart rate testing: 
IV. The nonstress test as the primary approach. AM J 
OBSTET GYNECOL 1980;136:75. : 


August 1987 
Am J Obstet Gynecol 


10. Druzin ML, Gratacos J, Keegan KA, et al. Antepartum 
fetal heart rate testing: VH. The significance of fetal 
bradycardia. AM J OBSTET GYNECOL 1981;139:194. 

ll. Timor-Tritsch IE, Dierker LJ, Zador I, et al. Fetal move- 
ments associated with fetal heart rate accelerations and 
decelerations. AM J OBSTET GYNECOL 1978;131:276. 

12. Chamberlain PE, Manning FA, Morrison I, et al. Ultra- 
sound evaluation of amniotic fluid volume: the relation- 
ship of marginal and decreased amniotic fluid volumes to 
perinatal outcome. AM J OBSTET GYNECOL 1984; 150:250. 

13. Freeman RK, Garite TJ. Fetal heart rate monitoring. Bal- 
timore: Williams & Wilkins, 1981:63. 

14. Leveno KJ, Quirk JG, Cunningham FG, et al. Prolonged 
pregnancy: observations concerning the causes of fetal 
distress. AM J OBSTET GYNECOL 1984;150:465. 





Ultrasound diagnosis of abruptio placentae with 


fetomaternal hemorrhage 


Michael S. Cardwell, M.D. 
Rockford, Illinois 


Fetomaternal hemorrhage and abruptio placentae may occur concurrently. A prospective study was done 
to determine the incidence of fetomaternal hemorrhage in noncatastrophic cases of abruptio placentae 
consistent with sonographic findings. Significant fetomaternal hemorrhage was found in 75% of 
noncatastrophic cases. Implications of conservative management of abruptio placentae with fetomaternal 


hemorrhage are discussed. (AM J OBSTET GYNECOL 1987;157:358-9.) 


Key words: Abruptio placentae, fetomaternal hemorrhage 


Fetomaternal hemorrhage and abruptio placentae 
are two relatively common complications of pregnancy. 
Fetomaternal hemorrhage occurs in approximately 
50% of all pregnancies and abruptio placentae has an 
incidence of 1/120 deliveries.' Fetomaternal hemor- 
rhage can occur as a result of abruptio placentae as 
there is a breach in the integrity of the placental cir- 
culation. 

In some instances abruptio placentae may occur with- 
out significant clinical signs and may be managed con- 
servatively. These cases usually occur in early preg- 
nancy and the diagnosis is confirmed by ultrasound 
examinations. To determine the relationship between 
ultrasound findings of abruptio placentae and feto- 
maternal hemorrhage in noncatastrophic cases a pro- 
spective study was done. 
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Material and methods 
The study period was from July 1, 1985, through 


` June 30, 1986. All patients with ultrasound examina- 


tions performed in the Department of Maternal-Fetal 
Medicine in which marked sonographic appearance of 
abruptio placentae was present in association with clin- 
ical signs and symptoms were chosen for the study. 
During this period 1225 consecutive ultrasound ex- 
aminations with the use of a Toshiba SAL-50 real-time 
linear scanner with either a 4.0 or 5.0 MHz transducer 
were performed exclusively by M. S. C. for a variety of 
indications. 

The ultrasound diagnosis of abruptio placentae was 
made if a retroplacental lucency suggestive of pooled 
blood or clot was apparent or if separation of the 
chorion-amnion from the uterine wall was present. 
Fetomaternal hemorrhage was evaluated with the 
Kleihauer-Betke stain. The results of the stain were 
reported as a ratio of fetal cells to adult cells. The quan- 
tity of the fetomaternal hemorrhage was determined 
by the formula derived by Mollison’: 













Fetomaternal hemorrhage (ml fetal red blood cells) = 


x 
ZNO adult ceils 


Results 


Eight patients had both sonographic and clinical find- 
ings suggestive of abruptio placentae. The study group 
comprised these patients. Four patients presented with 
catastrophic indications for immediate delivery by ce- 
sarean section, for example, fetal distress, severe vag- 
inal bleeding, or severe pain. No Kleithauer-Betke stain- 
ing was performed in these patients because of the 
urgency for immediate delivery. The other four pa- 


tients presented with clinical and sonographic evidence 
__ of abruptio placentae but the condition was not life- 


© threatening to the mother or the fetus. Kleihauer-Betke 
stains were used to determine the presence of feto- 
maternal hemorrhage in the noncatastrophic group. 
The two groups differ in several aspects. The cata- 
strophic group had gestational ages ranging from 29 
to 34 weeks, with a mean of 31.8 weeks. The noncat- 
astrophic group's gestational age varied between 14 and 
31 weeks with a mean of 21.8 weeks. The percentage 
of placental surface estimated by the attending obste- 
trician to have been separated i in the catastrophic group 


E e varied from 20% to 50% of the total area. The mean 


Separation was 35%. Only one patient in the noncata- 
phic group had evidence of abruptio placentae at 
me of delivery. The mean gestational age at de- 
-livery was 37.5 weeks for the noncatastrophic group 
and 31.8 weeks for the catastrophic group. Neither 
group experienced a neonatal death. 

Three of four patients in the noncatastrophic group 
had evidence of fetomaternal hemorrhage. The trans- 
| placental hemorrhage ranged from no fetal blood cells 








fetal cells 


2. Mollison PL. Quantitation of transplacental hemor hage 








to 72 ml of fetal blood cells detected with a 
31.5 ml of fetal red blood cells. One patient 


6 ampules of RhoGam to protect her from R 
munization. : 


Comment a ae 
In this prospective study abruptio placen ey 
agnor in oe of 1225 ultrasound examinatio de 


















ae was s verified j in 175 5% a ie noncatastro 
cases and was demonstrated to be significant | 
average fetal red blood cell loss of 31.5 ml. Fetom: er- 
nal hemorrhage is known to occur in approximately 
50% of all pregnancies but in less than 1% of the i 
tients is the bleeding >5 ml. | 

The outcomes of the mothers and infants in this şe 
ries were generally good; however, serious comp 
tions can occur with fetomaternal hemorrhage: F 
maternal hemorrhage has been associated with ante- 
partum intrauterine fetal death, neonatal ane nia, 
anaphylatic shock of the mother, and sensitization o 
the Rh system and other blood groups. Hydrops. feta ‘ 
and intrauterine fetal atrial arauan has- 4 o bee 








If conservative management is ae in. patie nts: 
noncatastrophic abruptio placentae, documen 3} 
and quantification of fetomaternal hemorrhage ar are i 

perative. a 
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Acute atherosis in preeclampsia: Maternal determinants and 
fetal outcome in the presence of the lesion 


T. Y. Khong, M.B., M.Sc., J. M. Pearce, and W. B. Robertson, M.D. 


London, England 


“In 39 patients with preeclampsia a detailed analysis of some maternal factors, fetal outcome, and a 
histologic assessment of the presence or absence of acute atherosis in maternal intrauterine vessels has 
. been done. There was no statistically significant relation between acute atherosis and parity, degree of 

_ proteinuria, severity and duration of hypertension, or antihypertensive therapy. These findings do not 
support a purely hemodynamic pathogenesis for the vasculopathy. Fetal outcome was only marginally 
worse in the preeclamptic patients who developed acute atherosis. (Am J Oastet Gynecot 1987;157: 


360-3.) 


Key words: Acute atherosis, preeclampsia, maternal factors, fetal outcome 


A defective maternal vascular response to placen- 
tation has been demonstrated in pregnancies com- 
plicated by preeclampsia and by small for gesta- 
tional age infants.'* In addition, a vasculopathy called 
acute atherosis‘ is seen in intrauterine vessels in pre- 
eclampsia.’ The arteries undergo fibrinoid necrosis ac- 
companied by lipophage infiltration of the damaged 
vessel wall and a perivascular mononuclear cellular in- 
filtrate.” | 

The significance of this lesion has been highlighted 
by a recent study that showed a lower birth weight in 
pregnancies when acute atherosis is found in vessels in 
the placental bed. It also has been suggested“ that 
these lesions offer the best explanation for the decidual 
necrosis and subsequent abruptio placentae and ante- 
partum hemorrhage and for maternal vascular throm- 
bosis leading to placental infarction. 

The pathogenesis of acute atherosis is still unclear. 
Inappropriate immunologic fetal-maternal inte ractions 
have been postulated.’ *'>'3 Other studies have sug- 
gested that preeclampsia associated with acute atherosis 
is more severe than that without atherosis’ and that 
acute atherosis is seen with increasing frequency as the 
severity of the preeclampsia increases.’ To evaluate the 
role of hemodynamic factors in the pathogenesis of 
acute atherosis and the relation of the lesion to maternal 
and fetal factors, we undertook a retrospective study 
of the maternal and fetal parameters in preeclamptic 
pregnancies. 
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Fig. 1. Acute atherosis in a maternal vessel in the decidua 
parietalis showing fibrinoid necrosis, infiltration by lipo- 
phages, and a perivascular mononuclear cellular iifiltrate. 
(Hematoxylin and eosin stain, X 200.) 


Material and methods 
The case notes on 39 consecutive preeclamptic preg- 
nancies from which material had been submitted 
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Table I. Maternal factors and relation to acute atherosis in preeclampsia 






Without 
atherosis 


With acute 


atherosts 


(n = 18) (n = 21) Significance 
Gravidity 
ji 7 12 
2 6 6 
3 4 2 NS 
>4 l I 
Preexisting hypertension 3 20 NS 
Mean arterial pressure (mm Hg) (mean + | SD) 135.53 13.5 132.6 + 14.8 NS 
Maximum systolic pressure (mm Hg) 177.5 + 18.3 170.2 -+ 22.5 NS 
Maximum diastolic pressure (mm Hg) 115.3 + 12:8 113.8 + 11.9 NS 
Maximum rise in systolic blood pressure (mm Hg) 58.3 + 19.5 54.3 + 22.9 NS 
Maximum rise in diastolic blood pressure (mm Hg) 38.8 £ 12.6 41.7 + 13.1 NS 
Duration of rise in blood pressure (mm Hg) 
1-3 days 3” 6 
4-7 days 4 3 
8-14 days 3 2 NS 
>14 days 5 9 
Proteinuria 
Trace l l 
1+ 0 2 
2+ 3 2 
3+ 5 5 NS 
4+ 9 1] 
Therapy required 16 15 NS 
Gestation at delivery (wk) (mean + 1 SD) 30 + 2.6 33.6 + 4.0 p < 0.001 
NS = Not significant. 
*Three not known since not booked before admission. 
Table II. Fetal outcome and relation to acute atherosis in preeclampsia 
With acute Without 
Outcome atherosts atherosts Significance 
Mean birth weight percentile (range) 10.8 (2-49) 18.7 (1-53) NS 
Fetal distress ll 10 NS 
Intrauterine growth retardation ' 6 8 NS 
Small for gestational age 10 7 NS 
Stillborn 3 0 NS 
Neonatal death Q 4 NS 


NS = Not significant. 


for histologic assessment were studied. Preeclampsia 
was defined as proteinuric hypertension of >140/90 
mm Hg on two occasions at least 6 hours apart. Parity, 
gestational age at delivery, maximum blood pressure, 
degree of rise in blood pressure, degree of proteinuria, 
interval between the onset of proteinuric hypertension 
and delivery, and the use of antihypertensive therapy 
were studied. Gestational age was calculated in early 
pregnancy by ultrasound measurement of the bipari- 
etal diameter or by dates of the last menstrual period. 
Mean arterial pressure was calculated according to Page 
and Christianson.’* Proteinuria was detected by the use 
of a multireagent dipstick in all cases, and the maximal 
dipstick reading was used. In addition, the birth weight 
percentile, evidence of fetal distress on cardiotocog- 
raphy or fetal blood sampling, intrauterine growth re- 


tardation, and fetal death were recorded. The birth 
weight chart of Milner and Richards’ was used for 
births between 28 and 32 weeks of gestation and that 
of Altman and Coles’® for gestations after 33 weeks. 
Three twin pregnancies and three deliveries before 28 
weeks of gestation were not studied for the birth weight 
percentile. Intrauterine growth retardation was sepa- 
rated into true intrauterine growth retardation on the 
basis of sequential ultrasonographic studies and small 
for gestational age infants when the birth weight was 
below the tenth percentile, but sequential ultrasono- 
graphic studies were not available to confirm actual 
growth retardation. 

Because placental bed biopsies were not always avail- 
able,” it was decided that the delivered placentas were 
to be used as the study material. From each placenta 
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numerous blocks (nine to 12) of the basal plate and 
between two and four amniochorion rolls, prepared 
according to the method of Zeek and Assali,° were ex- 
amined histologically. From this assessment the preg- 
nancies were classified into those with and those without 
acute atherosis. 

The maternal data of the two groups were analyzed 
for differences. When appropriate, the differences be- 
tween mean values were compared with the two-tailed 
ł test for unpaired data, and differences between pro- 
portions were compared with the x’ test. Tests were 
considered significant at the 5% level. 


Results 


Acute atherosis (Fig. 1) was detected in maternal ves- 
sels in 18 of the 39 patients (46%). Except for gesta- 
tional age at delivery, when there was a Statistical dif- 
ference, analysis of the maternal parameters showed 
no significant differences between the two groups of 
patients (Table I). No statistical differences in the fetal 
outcome between the two groups could be demon- 
strated (Table II). There were three stillbirths in the 


acute atherotic group and four neonatal deaths in the 


nonacute atherotic group. 


Comment | 


Because acute atherosis is focal, it may be expected 
that false negative findings of absence of acute atherosis 
would be encountered because of selection factors and 
the unavailability of placental bed biopsies from all 
cases: However, we believe that the large number of 
blocks taken from each placenta was sufficient to enable 
the majority of acute atherotic lesions to be detected if 
they were present. Our incidence of acute atherosis in 
preeclampsia (46%) is in accordance with the findings 
of other workers who used placental and-placental bed 
material that ranged from 41.8% to 47.8%.* '? Maqueo 
et al.” found the incidence to be 22%, 42%, and 65% 
in mild and severe preeclampsia ane) in eclampsia, re- 
spectively. 

The mean gestational age at the time of delivery was 
almost 4 weeks earlier in the acute atherotic group; this 
may be a reflection of the somewhat poorer fetal out- 
come in this group. The incidence of fetal distress, small 
for gestational age infants, low birth weight percentiles, 
and stillbirth rate was highér in the acute atherotic 
group but that of intrauteririe growth retardation was 
lower; however, these differences did not attain statis- 
tical significance. This finding contrasts with a recent 
study” that shows a lower mean birth weight in pre- 
eclamptic pregnancies with acute atherosis, but those 
results may be due to the failure of the authors to 
examine the maternal vessels attached to the amnio- 
chorion. Maqueo et al.” found an increased incidence 
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of acute atherosis and a decreasing birth weight with 
severity of the disease, but the gestational ages in their 
cases decreased concomitantly. The stillbirth rates of 
their patients with mild and severe preeclampsia were 
not statistically different. 

Although the number of cases studied may be small, 
analysis of the maternal factors did not support the 
concept that hypertension in itself causes acute athero- 
sis or that the incidence of acute atherosis increased 
with the severity or duration of the condition.” It may 
be that an inappropriate immune reaction is the major 
determinant of acute atherosis,**'''* but proof for this 
proposal will require further detailed studies, including 
human leukocyte antigen typing of the mother, the 
father, and the fetus. 


We wish to thank Dr. J. M. Bland of the Department 
of Clinical Epidemiology for his advice on the statistics. 
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Increased fetoplacental active renin production in 


pregnancy-induced hypertension 


Harbinder S. Brar, M.D., Siri L. Kjos, M.D., William Dougherty, M.D., 
Yung-Shun Do, Ph.D., Helen B. Tam, and Willa A. Hsueh, M.D.* 


Los Angeles, California 


Since pregnancy-induced hypertension is associated with impaired uteroplacental blood flow, we studied 
fetoplacental and maternal renin production in controls and subjects with pregnancy-induced hypertension. 
We measured total, active, and inactive (pro-) renin in maternal serum, fetal arterial and venous blood, and 
chorion homogenate in eight normotensive term patients and 18 patients with pregnancy-induced 
hypertension. No differences in active or prorenin were found in maternal blood from normal women or 
patients with pregnancy-induced hypertension. In contrast, fetal artery and vein, as well as chorionic 
tissue, contained significantly higher active renin in pregnancy-induced hypertension compared with normal 
subjects. No difference in fetal or chorionic prorenin was seen in the two groups. Thus active to total renin 
ratio was higher in the fetus and chorion of subjects with pregnancy-induced hypertension, which suggests 
enhanced active renin production. These results suggest that pregnancy-induced hypertension is 
associated with increased activity of the renin-angiotensin system in the fetoplacental unit, which is not 
reflected in the maternal circulation. This may be an attempt by the fetus and chorionic membranes to 
maintain vascular homeostasis in the face of altered uteroplacental blood flow. (Am J OBSTET GYNECOL 


1987;157:363-7.) 


Key words: Renin, pregnancy-induced hypertension 


Decreased uteroplacental blood flow caused by vaso- 
spasm and vaso-occlusion may contribute to the patho- 
genesis of pregnancy-induced hypertension.' In gen- 
eral, this results in a growth-retarded fetus and smaller 
placenta in women with pregnancy-induced hyperten- 
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sion compared with normal pregnant women.’ The 
vasospasm may be produced by increased circulating 
levels of a vasoconstrictor substance, which has been 
detected in the plasma of patients with pregnancy- 
induced hypertension.® However, the nature of this 
substance is unknown. Plasma renin activity is similar 
to or slightly lower in patients with pregnancy-induced 
hypertension compared with normal pregnant women, 
whereas angiotensin II levels have been reported to be 
slightly higher in pregnancy-induced hypertension." * 
In pregnant women the chorionic membrane and 
uterus, as well as the fetus, can produce and secrete 
renin. Because of the impaired uteroplacental blood 
flow in pregnancy-induced hypertension, we sought to 
determine whether alterations in fetoplacental renin 
production occur in this disorder. 


Material and methods 

In eight normotensive and 18 term laboring patients 
with pregnancy-induced hypertension, we obtained 
maternal venous blood, fetal arterial and venous cord 
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Table I. Clinical parameters and renin levels 
-in control and pregnancy-induced 
hypertension subjects 






Pregnancy-induced 
hypertension 
(n = 18) 








Control 
(n = 8) 





Maternal age (yr) 25 +2 202 
MAP {mm Hg) 76 + 3 113 + 3 
Gestational age (wk) J9] 39 + | 
Length of labor (hr) ll +2 l6 +2 
Birth weight (gm) 3338 + 122 3186 + 160 
Maternal blood 
Active renin 54+ 1.5 6.6 + 1.2 
(ng Al/ml/hr) 
Prorenin 96 + 20 l44 + 23 
(ng Al/ml/hr) 
Active : total 0.06 + 0.01 0.05 + 0.01 


renin ratio 


MAP = Mean arterial pressure; AI = angiotensin I. 


blood, and chorion. Pregnancy-induced hypertension 
was defined as a hypertensive disorder of pregnancy 
occurring after 20 weeks of gestation with a blood pres- 
sure of 140/90 mm Hg or greater on two occasions 
6 hours apart or an increase of 30 mm Hg systolic or 
15 mm Hg diastolic over first-trimester blood pressure. 
The hypertension was associated with significant pro- 
teinuria (1+ or greater) and edema. Labor was induced 
in none of the normotensive and six of the hypertensive 
subjects. All of the hypertensive subjects received 
MgsSO,, a 4 gm loading dose followed by an infusion 
rate of 2 gm/hr. Three of the hypertensive subjects 
received either methyldopa (Aldomet) or hydralazine 
hydrochloride (Apresoline) during the third trimester. 
Two normal control subjects were delivered vaginally, 
while six required cesarean section. Twelve subjects 
with pregnancy-induced hypertension delivered vagi- 
nally, and six had cesarean section. Informed consent 
was signed by all patients before the study. The blood 
samples for renin measurements and other studies 
were chilled and centrifuged within 4 hours after col- 
lection, and the plasma was quickly frozen to prevent 
inadvertent activation of plasma renin.® They were 
stored at ~ 20° C in a nonfrost-free freezer. Clinical 
laboratory data included blood urea nitrogen, serum 
creatinine, sodium, potassium, and uric acid, which 
were determined by autoanalyzer. 

Active renin concentration was measured by radio- 
immunoassay of angiotensin I after incubation of sam- 
ples with sheep angiotensinogen at 37° C, pH 7.5, in 
the presence of angiotensinase inhibitors.’ Total renin 
was measured by acid treatment of plasma,’ which in- 
volved dialysis against pH 3.3, 0.05 mol/L glycine 
buffer at 4° C for 18 hours, and then dialysis against 
pH 7.5, 0.05 mol/L phosphate buffer under the same 
conditions. Inactive (pro-) renin concentration was cal- 
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Table II. Maternal electrolytes and 
renal function 


Control PIH 

(n = 8) (n = 18) p value 
Na (mEq/L) 138 + | 139 + 1 NS 
K (mEq/L) . 41+ 0.1 4.0 + 0.1 NS 
BUN (mg/dl) 76+18 1162 2.1 <0.05 
Creatinine 0.6 + 0.1 0.9 + 0.1 <0.05 

(mgd) 

Uric acid (mg/dl) 4.1 + 0.3 6.8 + 0.6 <0.05 


PIH = Pregnancy-induced hypertension; BUN = blood 
urea nitrogen. 


culated as the difference between total and active renin 
concentrations. The interassasy coefficients of variation 
of active and prorenin measurements are 6% and 15%, 
respectively. Measurements were compared in the two 
groups by means of ¢ test analysis, and significance was 
considered at the p < 0.05 level. 

Chorionic membrane was homogenized at 4° C in 
0.25 mol/L phosphate buffer (1:2, v/v), containing 10 
mmol/L ethylenediaminetetracetate, 2 mmol/L phen- 
ylmethylsulfonyl fluoride, 2 mmol/L 8-hydroxyquino- 
line, 2 mmol/L benzamidine, and 20,000 kallikrein in- 
hibitor units/L aprotinin.’ After centrifugation of the 
homogenate at 10,000 rpm for 30 minutes, the super- 
nate was removed and frozen at — 20° C until assay. 


Results 


Clinical parameters in both groups of patients are 
given in Table I. There were no differences in nor- 
motensive subjects and those with pregnancy-induced 
hypertension with regard to maternal age, gestational 
age, length of labor, or infant birth weight. The mean 
arterial pressure was significantly higher in subjects 
with pregnancy-induced hypertension compared with 
norma] pregnant women. Maternal electrolytes and re- 
nal function in both groups are shown in Table H. 
There were no significant differences between the 
mean sodium and potassium levels between the two 
groups, whereas subjects with pregnancy-induced hy- 
pertension had significantly higher blood urea nitro- 
gen, creatinine, and uric acid levels compared with con- 
trol subjects (p < 0.05; Table II). 

Maternal venous blood. There was no significant dif- 
ference between active renin, inactive renin, and ratio 
of active to total renin in subjects with pregnancy- 
induced hypertension compared with control subjects 
(Table I). 

Fetal arterial blood. Plasma active and inactive re- 
nin concentration in control subjects were 10.4 + 2.4 
and 65.7 + 9.5 ng angiotensin I/ml/hr, respectively, 
whereas these levels were 35.7 + 7.8 and 71.4 + 
14.0 ng angiotensin I/ml/hr, respectively, in patients 
with pregnancy-induced hypertension. Inactive renin 
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Fig. 1. Active renin and prorenin levels and active to total renin ratio in fetal arterial blood and 
chorion homogenate from control subjects and patients with pregnancy-induced hypertension. 
There were no differences between prorenin levels in fetal arterial blood (A) or chorion homogenate 
(B) of control subjects compared with subjects with pregnancy-induced hypertension whereas the 
active renin levels and the percentage of active renin were significantly higher in subjects with 


pregnancy-induced hypertension. 


levels were not statistically different in the two groups, 
but samples from subjects with pregnancy-induced 
hypertension had significantly higher (p < 0.025; 
Fig. 1, A) active and total renin than did control 
subjects. Active to total renin ratio in subjects with 
pregnancy-induced hypertension (0.30 + 0.07) was 
more than twice that seen in controls (0.15 + 0.05, 
p < 0.025). 

Fetal venous blood. Active and inactive renin con- 
centrations in control subjects were 10.2 + 3.3 and 
102.21 + 13.2 ng angiotensin I/ml/hr, respectively, 
whereas these levels were 44.9 + 11.1 and 87.6 + 
18.4 ng angiotensin I/ml/hr, respectively, in blood from 
subjects with pregnancy-induced hypertension. Similar 
to fetal arterial blood, inactive renin levels were no 
different in the fetal venous blood of the two groups, 
but subjects with pregnancy-induced hypertension had 
significantly (p < 0.025) higher active and total renin 
than did control subjects. Active to total renin ratio in 
subjects with pregnancy-induced hypertension (0.30 + 
0.06) was about twice that seen in control subjects 
(0.15 + 0.06, p < 0.025). The levels of active and in- 
active renin in cord arterial and venous blood were 
similar within the same patient. 

Chorion. Homogenate of the chorionic membrane 
obtained from subjects with pregnancy-induced hy- 


pertension contained significantly more active renin 
than that of normal control subjects (542 + 136 versus 
222.5 + 45.3 ng angiotensin I/ml/hr, respectively, p < 
0.05). The content of inactive renin, however, was not 
different between the two groups (1369 + 276 versus 
988 + 122 ng angiotensin I/ml/hr respectively, NS). 
Thus the active to total renin ratio was significantly 
higher in the chorionic membrane of subjects with 
pregnancy-induced hypertension compared with con- 
trol subjects (0.29 + 0.03 versus 0.19 + 0.03, p < 0.05, 
Fig. 1, B). 

Active renin levels in cord blood or chorionic ho- 


-mogenate did not correlate with maternal mean dia- 


stolic pressure, amount of proteinuria, serum creati- 
nine, blood urea nitrogen, uric acid, sodium, and po- 
tassium, or hematocrit. 


Comment 


The present study is consistent with previous reports 
that maternal active renin concentration is normal or 
only slightly elevated in pregnancy, whereas inactive 
renin is elevated two to five times the nonpregnant 
range. Similar levels of both active and inactive renin 
were seen in the blood of normal pregnant women, and 
several investigators have previously shown that plasma 
renin concentration and activity are either unchanged 
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or slightly decreased in subjects with pregnancy- 
induced hypertension compared with normal pregnant 
women.’ Whether these renin levels are inappro- 
priately high for the degree of hypertension in subjects 
with pregnancy-induced hypertension is still contro- 
versial. 

Recent studies have demonstrated that human in- 
active renin is prorenin, the biosynthetic precursor of 
active renin.” Late in pregnancy the uterine fetopla- 
cental unit contributes to the elevated prorenin levels 
in the maternal circulation." Chorionic membranes 
contain large quantities of inactive renin,'''? and hu- 
man chorionic cells in culture secrete prorenin in rel- 
atively larger quantities compared with active renin. 
Factors regulating chorionic cell renin production are 
unknown. In the fetus the juxtaglomerular apparatus 
is well developed by 3 months’ gestation. The fetal kid- 
ney is the major source of fetal renin, since cord blood 
levels of plasma renin activity are low in the anephric 
fetus.’ Since absolute quantities of prorenin are in- 
creased in cord blood, prorenin may be the major form 
of renin secreted by the fetal kidney. Alternatively, the 
metabolic clearance of prorenin may ‘be decreased in 
the fetus. 

Because of the large quantities of prorenin se- 
creted by the chorion and the fetal kidney, the find- 
ing of increased active renin in cord blood and cho- 
rion in pregnancy-induced hypertension was unex- 
pected. Since prorenin levels from these sources are 
not significantly different in normal pregnancy and 
pregnancy-induced hypertension, the increased active 
renin levels in pregnancy-induced hypertension result 
from enhanced production of fetal and chorionic active 
renin and hence total renin production rather than 
from inadvertent activation of prorenin in chorionic 
homogenate or cord blood. An increased potential for 
inadvertent activation of prorenin exists in pregnancy- 
induced hypertension because of the increased acti- 
vation of clotting factors in pregnancy-induced hyper- 
tension that are capable of activating renin. However, 
the lack of significant increases in active renin in the 
maternal circulation in pregnancy-induced hyperten- 
sion also argues against this possibility. 

Whether the rise in chorionic and cord blood active 
renin preceded or resulted from maternal hyperten- 
sion is an intriguing question. Fetal stress, such as hem- 
orrhage, increases plasma renin activity in lambs and 
ewes." In the rabbit, uteroplacental ischemia induces 
uterine renin release, which may contribute to the reg- 
ulation of maternal systemic blood pressure.’ Studies 
by Ferris and Weir" further indicate that one function 
of the uteroplacental renin angiotensin system is to 
maintain uteroplacental blood flow. Administration of 
converting enzyme inhibitor to pregnant rabbits acutely 
decreased uteroplacental blood flow and chronically re- 
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sulted in smaller fetuses and increased fetal deaths. 
Thus fetal stress and hypoxia caused by a decrease in 
uteroplacental perfusion, which is known to occur in 
pregnancy-induced hypertension, may activate the fetal 
and chorionic renin-angiotensin systems. These results 
are consistent with the previous data of Broughton 
et al.,'’ who found increased levels of angiotensin I in 
the cord blood of infants born to mothers with hyper- 
tension compared with normal mothers. However, a 
recent report by Symonds et al. showed no significant 
difference in plasma renin activity or active renin con- 
centration in the cord blood of infants from normo- 
tensive women compared with that of hypertensive 
women. The reason for the differences in results be- 
tween the two studies may be related to differences in 
the handling of patients. In the study of Symonds 
et al., labor was induced in seven of 10 hypertensive 
patients. Whether the patients received MgSO, or other 
treatment is not indicated. In our study of 18 subjects 
with pregnancy-induced hypertension, six had induc- 
tion of labor and all received MgSO,. Whether induc- 
tion of labor or MgSO, affects active renin production 
by the chorion or fetus remains to be determined. In- 
creases in serum magnesium concentration directly en- 
hance- renal production of renin. The significance of 
this effect on the fetal kidney seems unlikely in the 
present study, since maternal active renin levels were 
not elevated. However, renin levels in patients with 
pregnancy-induced hypertension may have been lower 
had they not received magnesium. Although both 
groups of patients received similar infusions of Ringer’s 
lactated solution, it is possible that the data might not 
reflect the condition before labor and some of the val- 
ues may have been affected by intravascular volume. 
In our pregnant women with pregnancy-induced hy- 
pertension, the impact of fetal stress could not be as- 
sessed directly, since fetal outcome and birth weight 
were not different from that of normal pregnancies. 
Serum creatinine and uric acid were significantly 
higher in pregnancy-induced hypertension compared 
with normal pregnancies, which was expected.” How- 
ever, active renin levels in cord blood or in chorion in 
pregnancy-induced hypertension did not correlate with 
maternal blood pressure, proteinuria, serum creati- 
nine, uric acid or electrolytes, gestational age, maternal 
age, or length of labor. Further studies in a larger pop- 
ulation of patients with pregnancy-induced hyperten- 
sion and in patients with evidence of intrauterine 
growth retardation may be necessary to determine 
more precisely the relationship between fetal stress and 
renin production. Nevertheless, this is the first study 
to demonstrate differences in placental and fetal 
renin systems compared with the maternal system in 
pregnancy-induced hypertension. The results suggest 
that perhaps imbalances in fetoplacental vasoconstric- 
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tor and vasodilator systems may be associated with hy- 
pertension resulting from pregnancy. 


10. 
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Digoxin-like immunoreactive substance in fetuses with and 


without cardiac pathology 


C. P. Weiner, M.D., S. Landas, M.D., and T. J. Persoon, M.S. 


Iowa City, Iowa 


The concentration of digoxin-like immunoreactive substance. was measiéd by i immunoassay in umbilical 
verious blood from six normal and 19 fetuses with a variety of cardiac and noncardiac disorders. Fetal 
blood was obtained either by percutaneous umbilical blood sampling (n = 13) or at delivery (n = 12). 
Three women received digoxin for fetal indications. Healthy control fetuses had significantly less 
digoxin-like immunoreactive substance measured (mean concentration below the limit of the assay 
sensitivity) than was found in ill fetuses whose mothers received digoxin (p < 0,005). However, the fetal 
concentrations of immunoreactive digoxin in fetuses with a cardiac abnormality were similar whether the 
mother had (0.93 + 0.4 ng/ml) or had not (1.27 + 0.4 ng/ml) received digoxin (p = 0.1452). Although 
there was a significant negative correlation between digoxin concentration and géstational age 

(R = —0.5079, p < 0.01), the youngest fetuses examined wete generally the sickest. The correlation with 
gestational age was not significant if the normal contro! fetuses were excluded. One fetus with a cardiac 
tachyarrythmia was examined during and after transplacental therapy. There was no change. it is possible 
that previously measured “digoxin” in “treated” fetuses represents digoxiri-like immunoreactive substance 
and that only small amounts of maternally administered digoxin actually reach the ill fetus. Our findings 
suggest that a randomized trial of maternal digitalization for the treatment of fetal supraventricular 
tachycardia is essential prior to its acceptance as effective therapy. (Am J OBsTET GYNECOL 1987;157: 368-71 ) 


Key words: Digoxin, digoxin-like immunoreactive substance, fetal arrythrnia 


Since the first successful case reported in 1980,! 
transplacental pharmacologic treatment of fetal supra- 
ventricular tachycardia has become firmly entrenched 
in the literature and reference textbooks despite the 
lack of controlled trials. Almost without exception, 
digoxin has been the drug of first choice. The reported 
interval from initiation of drug therapy to fetal re- 
sponse ranges from immediately to 35 days.’ This status 
as drug of choice is presumably based on multiple stud- 
ies demonstrating a near 1:] maternal-fetal distribu- 
tion of maternally administered digoxin.*’ In light of 
the rather recent discovery of a digoxin-like immu- 
noreactive substance in patients with a variety of dis- 
orders,*" the absence of data from non—digoxin- 
exposed control fetuses may be of significance. Frus- 
trated by repetitive failures with transplacental digoxin 
therapy, despite administering drug sufficient to pro- 
duce maternal toxicity, we initiated an investigation 
3 years ago of fetal digoxin-like immunoreactive sub- 
stance concentration in both normal and abnormal fe- 
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tuses whose mothers had and had not received exog- 
enous digoxin. The results demonstrate a need for a 
randomized trial of maternal digitalization prior to con- 
chiding it is effective, much less the first-line treatment 
for fetal supraventricular tachycardia. 


Subjects and methods 


Twenty-five fetuses were studied: six healthy fetuses 
of healthy. parturient women, four fetuses whose moth- 
ers had preeclampsia but who were otherwise healthy, 
four fetuses with either supraventricular tachycardia 
or cardiac failure due to structural abnormalities whose 
mothers received digoxin, and 11 fetuses (12 samples) 
with a variety of cardiac and noncardiac disorders 
whose mothers had not received digoxin. Fetal blood 
was obtained from the umbilical vein either at delivery 
(n = 13) or by percutaneous umbilical cord blood sam- 
pling (n = 12). Digoxin was measured by an immu- 
noassay (Digoxin I, Abbott TDX) used according to 
manifacturer’s instructions. The methodology re- 
mained unchanged during the study period. This assay, 
like other immunoassays, does not distinguish between 
digoxin-like immunoreactive substance and exoge- 
nously administered digoxin.” For our analyses we 
used subprograms from ABSTAT, release 4, and in- 
cluded analysis of variance, correlation coefficients, and 
¿ tests: 
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Table I. Digoxin levels in normal and abnormal fetuses with and without maternal digoxin therapy 











Abnormality 


Control 
l — 38 
2 — 37 
3 — 40 
4 — 39 
5 — 38 
6 — 39 
Preeclampsia 
7 — 36 
8 — 38 
9 — 37 
10 — 35 
Maternal digoxin 
therapy oe 
l1 SVT with atrial flutter; 37 
digoxin plus pro- 
pranolol 
12 SVT 32 
13 Nonimmune hydrops 34 
associated with 
Ebstein’s malfor- 
mation 
14 SVT 24 
No maternal 
digoxin , 
15 Nonimmune hydrops 35 


secondary to SVT 
ND = Not done; SVT = supraventricular tachycardia. 


Results 


Only one control fetus had a detectable concentration 
of digoxin-like immunoreactive substance is excess of 
the lower limit for the assay (0.2 ng/ml) (Table I). Each 
fetus whose mother received digoxin had measured 
concentrations significantly higher than those of the 
healthy control fetuses (p < 0.005). The maternal: fètal 
concentration ratios for the treated pairs were similar 
to those reported previously. However, the digoxin con- 
centrations in fetuses whose mothers received digoxin 
(Cases 11 to 14) did not differ from the digoxin-like 
immunoreactive substance measured in those fetuses 
with similar problems whose mothers had not received 
digoxin (Cases 15 to 18), 0.93 + 0.41 versus 1.27 + 0.3 
ng/ml, respectively (p = 0.1452). One fetus (Case 14) 
was sampled after the maternal digoxin level had 
ranged between 1.8 and 2.6 ng/ml for a 72-hour period. 
The digoxin level of this fetus was only 0.8 ng/ml. An 
additional fetal specimen obtained after maternal ther- 
apy had been discontinued was not significantly dif- 
ferent. Fetuses born to women with preeclampsia dein- 





Gestational 
age (wh) 













Maternal vein 
“digoxin” 
(ng/ml) 


Umbilical vein 
“digoxin” 


(ngiml) Perinatal outcome 


t 


<0.2 <0.2 Alive and well 
<0.2 <0.2 Alive and well 
<0.2 <0.2 Alive and well 
<0.2 <0.2 Alive and well 
<0.2 ND Alive and well 
0.4 ND Alive and well 
0.5 ND Alive and well 
0.5 ND Alive and well 
0.3 ND Alive and well 
0.7 ND Alive and well 
0.5 1.2 Responded to digoxin 
and cardioversion 
| after delivery 
1.0 1.7 Responded to digoxin 
and cardioversion 
after delivery 
1.4 1.9 Neonatal death 
0.8 l 1.8 to 2.6 Successful direct fetal 
therapy 
1.6 ND Tricuspid insuffi- 


clency——converted 
with transesopha- 
geal pacemaker 


continued 


onstrated intermediate concentrations of digoxin-like 
immunoreactive substance (mean = 0.5 + 0.2 ng/ml). 
The highest digoxin concentration was found in a fetus 
without antenatal exposure to exogenous digoxin. The 
mean digoxin-like immunoreactive substance level of 
the group comprising all ill fetuses not exposed to ex- 
ozenous digoxin was 0.86 + 0.4 ng/ml. There was a 
significant negative correlation (R = —0.5079, p< 
0.01) between gestational age and digoxin concentra- 
tion. However, the youngest fetuses were usually the 
sickest. If one excludes the healthy control fetuses from 
the correlation analysis, the relationship between ges- 
tational age and digoxin-like immunoreactive substance 
is no longer significant. 


Comment 

Endogenous digoxin-like immunoreactive substance 
has been reported in patients with clinical disorders 
associated with volume expansion such as renal failure, 
congestive heart failure, and normal pregnancy.” The 
substance is for all practical purposes biologically indis- 
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Table I—Cont’d 












' Abnormality 


16 Nonimmune hydrops 29 
secondary to SVT 


17 Nohimmune hydrops; 31 
hypoplastic left 
_ heart; in utero 
Closure of ductus 
arteriosus 
18 Nonimmune hydrops 24 
associated with hy- 
poplastic transverse 
aorta l ; 
19 Twin-to-twin transfu- 21 
sion; specimen from 
recipient, hemato- 


crit = 48% 

20 Twin gestation with 26 
amorphic acardiac H 
monster and viable 
infant 

21 Complete heart block 35 


associated with con- 
genital lupus erythe- 
matosus. ' 
22 Complete heart block 38 
_ associated with con- 
` genital lupus erythe- 
matosus . 
23 Obstructive hydro- 32 
cephalus , 
24 Unilateral multicystic, 29 
dysplastic kidney 
25 Hydrocephalus; fetal 34 
anemia of unknown 
cause 


i 


tinguishable from exogenous digoxin! and its mea- 
surement highly dependent on the assay technique. 
Concentrations of digoxin measured by i immunoassay 
in fetuses with cardiac abnormality whose mothers were 
réceiving digoxin were similar to concentrations in fe- 
tuses with similar abnormality but who were not ex- 
posed antenatally.to exogenous digoxin. The digoxin 
level of the one fetus whose maternal level was >2 
ng/ml was lower than that of the control group of ill 
fetuses and did not change’after maternal therapy was 
discontinued. The cardiac and noncardiac disorders 
(and the resulting alterations in physiologic character- 
istics) of these fetuses were similar to those in adults with 
illnesses associated with increased digoxin-like immu- 
noreactive substance. Further, we confirm a previous 
report that in fetuses of women with preeclampsia there 
is a mild increase in digoxin-like immunoreactive sub- 





Gestational 
age (wk) 
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Maternal vein 
“digoxin” 
{ ng/ml) 


Umbilical vein 
“digoxin” 
(nglml} 













Perinatal outcome 


Converted after deliv- 
ery with digoxin; 
subsequent neona- 
tal death; multiple 
endocardial rhab- 
_domyomas 

Neonatal death 


ral ND 


1.0 ND 


In utero death 


0.8 ND Delivered at 36 wk 
after selective feti- 


cide of cotwin 


ND Alive but still in hos- 
ND pital; congestive 
heart failure; mas- 
sive biventricular 
hypertrophy; hep- 
atosplenomegaly; 
polycythemia 
Alive and well 


ao 
m JT 


0.6 ND 


0.6. ND Spontaneous vaginal 
delivery; perma- 
nent pacemaker 
required 

Aqueductal stenosis; 
status post shunt 


Undelivered 


0.5 ND 
0.4. ND 


0.9 ND Neonatal death 


stance." Other “stresses” both in utero and after pre- 
mature delivery lead to an increase in digoxin-like im- 
munoreactive substance." © Previous conclusions that 
these elevations were a reflection of gestational age may 
be equally explainable on the basis of neonatal illnesses 
that accompany extremes of prematurity. 
Investigations of trarisplacental passage of digoxin 
may be divided into two groups on the basis of 
methodology of assay—-immunoassay and radiolabeled 
drug. Chan et al. measured umbilical vein digoxin con- 
centration by radioimmune assay in 11 healthy fetuses 
whose mothers were receiving digoxin for a maternal 
illness. Their finding of a high correlation between fetal 
and maternal plastha concentrations of digoxin, cou- 
pled with our inability to dernonstrate digoxin-like 
immunoreactive substance in most healthy fetuses, 
strongly supports the premise of transplacental passage 
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of digoxin under those circumstances. Chan et al. also 
noted high placental binding of digoxin. Saarikowski’ 
administered tritium-labeled digoxin to seven women 


about to undergo an elective pregnancy termination. 


He too observed the rapid transfer of digoxin and the 
high placental binding but also noted low cardiac re- 
ceptor affinity for digoxin at this stage in gestation. No 
digoxin transport studies have been performed in a 
pregnancy involving an ill fetus. 

Our studies indicate that the concentration of 
digoxin-like immunoreactive substance in the serum of 
fetuses with supraventricular tachycardia or hydrops 
secondary to a cardiac lesion is high enough to account 
for all the “digoxin” measured by immunoassay in sim- 
ilar fetuses whose mothers have received digoxin. We 
note that the initial reports of transplacental digitali- 
zation were unsuccessful.'* ‘These observations cou- 
pled with the wide variability in time between digoxin 
administration and fetal response’ have led us to con- 
clude that little of the maternally administered digoxin 
actually crosses the placenta under the pathologic cir- 
cumstances studied in this investigation. The reason is 
unknown. We speculate that enhanced digoxin binding 
by the placenta may occur in these abnormal pregnan- 
cies, perhaps secondary to hyperplacentosis, which of- 
ten coexists. It is also possible that the ill fetus has 
already achieved maximal stimulation of the. digoxin 
receptors or, as noted in the abortuses, has a relatively 
low affinity for digoxin. However, two of the fetuses 
with supraventricular tachycardia who failed to re- 
spond to transplacental digoxin in utero did respond 
at least partially when treated after birth. A third fetus 
yvesponded to direct fetal digitalization but not trans- 
placental therapy. In either event, our findings suggest 
that further study on the movement of digoxin across 
the placenta of an ill fetus is necessary and that a pro- 
spective, randomized trial of maternal digoxin therapy 
is needed before digoxin can be accepted as the treat- 
ment of first choice for fetal supraventricular tachy- 
cardia. 


~ 


O 
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15. 


16. 
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Scalp heat flux and its relationship to scalp blood pH 


of the fetus 


Rudolf Rudelstorfer, M.D., Georg Simbruner, M.D., Vinay Sharma, M.B., and 


Herbert Janisch, M.D. 


Vienna, Austria 


A method for directly assessing the metabolic rate of the fetus for optimal management of labor and 
delivery is still being studied. Since heat, an end product of metabolism, is dissipated from the fetal 
surface, we measured the heat flux from the fetal scalp and related it to the pH of fetal scalp blood, a 
measure of metabolism. In 25 human fetuses at risk of intrapartum hypoxia, after the membranes had 
ruptured and the cervix dilated to >3 cm, we attached a heat flux transducer, a platelet of 2.5 cm diameter 
and 1 mm thickness, to the fetal scalp and recorded continuously the heat flux from then until delivery. We 
aiso obtained one sample of fetal scalp blood in all patients and two such samples in 13 patients for the 
analysis of pH. We found a significant correlation between heat flux measured immediatley before the 
scalp blood sampling (presampling values) and the pH of fetal scalp blood {r = 0.736; n = 18 presampling 
values; p < 0,001). Out of 13 fetuses with two scalp blood samples, the changes in the scalp heat flux 
paralleled changes in scalp blood pH in 11. We conclude that fetal scaip heat flux is related to the 
metabolic condition of the fetus. Measuring scalp heat flux during labor could be develaped into a 
noninvasive method for a continuous and.more direct assessment of the fetal metabolic rate. (AM J OBSTET 


GynecoL 1987;157:372-7.) 


Key words: Scalp heat flux, scalp blood pH, fetal metabolic rate, intrapartum fetal 


monitoring 


Many techniques are available to monitor the well- 
being of the fetus and to identify the fetus at risk of 
hypoxia.’ However, none of them, neither cardioto- 
cography,” ° invasive assessment of biochemical vari- 
ables such as pH, Pos, or Pco, in the scalp tissue’ nor 
ultrasound determination of umbilical blood flow,’ 
yield sufficient information about changes of the met- 
abolic rate required to accurately predict fetal outcome. 
One common reason for the unsatisfactory perfor- 
mance of these methods is that they assess the metabolic 
rate only indirectly. 


Because an individual’s heat production, heat loss, ` 


and temperature changes are related directly to met- 
abolic rate, several authors studied temperature gra- 
dients between the mother and fetus in animals and 
humans to improve the assessment of the fetal con- 
dition.®** 

With the concept in mind that heat, an end product 
of metabolism, has to be dissipated from the fetal sur- 
face, we measured the heat flux from the fetal scalp by 
means of a heat flux transducer. In a previous study 
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we found that scalp heat flux was significantly lower in 
asphyxiated than in nonasphyxiated fetuses and that 
during the last 30 minutes before delivery heat flux 
values correlated well with the pH of the umbilical cord 
blood.'® To study whether heat flux changes were re- 
lated to changes of pH at any time before delivery, we 
repeatedly measured scalp heat flux and scalp blood 
pH in individual fetuses. Establishing such a relation- 
ship could lead to a noninvasive, easier applicable 
methed of continuously monitoring fetal metabolic 
rate. 


Patients and methods 


Selection criteria and consent. We studied 25 women 
in labor with a single fetus considered to be at risk of 
intrapartum hypoxia. These patients were selected ac- 
cording to established criteria indicating an increased 
fetal risk either before or during labor. Risk factors 
present before labor started were preeclampsia, ma- 
ternal age >40 years, maternal drug abuse, fetal growth 
retardation, postmaturity, and significant staining of 
amniotic fluid.” Risk factors during labor were abnor- 
mal heart rate patterns.“ The study was approved by 
the Ethic Committee of the University of Vienna Med- 
ical School, and informed, oral consent was obtained 
from all mothers. Important details of the parturients 
and their offsprings are presented in Table I. 

Protocol and apparatus. In each woman we contin- 
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Table I. Clinical characteristics of the 
parturients and their fetuses 


Characteristic No. 
Women 25 
Primiparous 12 
Multiparous 13 
Age (yr) 23.1 + 5.2 
Spentanous deliveries 9 
Forceps/vacuum 8 
Cesarean sections 8 
Axillary temperature mean (°C) 37.00 + 0.5 
Room temperature (°C) 24.6 + 1.1 
Fetuses 25 
Gestational age (wk) 29:2 
Weight (gm) Sef 22 
Biparietal diameter (cm) 9.5 2.2 
Head circumference (cm) 34 + 0.6 
l-min Apgar 7.5 41.7 
5-min Apgar 9.5 + 1.6 
pH umbilical artery (-log) 7.20 + 0.8 
pH umbilical vein (-log) 7.27 + 0.1 


Values are mean + SD. 


uously recorded the cardiotocogram and the fetal scalp 
heat flux and at least once determined the pH of fetal 
scalp blood and the temperature in the mother’s axilla 
and that of the delivery room. 

The fetal heart rate was recorded by means of a spiral 
electrode and the uterine activity by means of an ex- 
ternal transducer, with commercially available cardio- 
tocographs (Hewlett-Packard Co., Palo Alto, California, 
or Kranzbtihler-—Scientific Medical Systems Co., Solin- 
gen D-5650, West Germany). The fetal scalp heat flux 
was measured by means of a round heat flux trans- 
ducer, 25 mm in diameter and | mm in thickness 
(model Ha 15-15-13[C], Thermonetics Corp., San Di- 
ego, California). These heat flux transducers, contain- 
ing thermopile on a thin, heat-conductive platelet, pro- 
duce a voltage output proportional to the heat flow per 
unit area and time. The calibration constant describing 
how much heat flux is required to produce 1 mV is 
provided by the manufacturer. We checked the calibra- 
tion constant and accuracy of the heat flux transducer 
with a calibration device that consisted of a copper block 
with an electric heating coil, which is described in detail 
elsewhere.’ We found that all transducers had an ac- 
curacy better than 95% (calibration heat flux versus 
heat flux derived from the calibration constant and volt- 
age output) and a linear response up to at least 100 
W/m?. The voltage output of the transducer was am- 
plified (Multitherm, Biegler Corp., Mauerbach, Aus- 
tria) and recorded on either the specially adapted car- 
diotocograph or a Beckman polygraph R 611 (Beckman 
Instruments, Inc., Fullerton, California). To ensure 
proper amplification of the signal, a 0.5 mV signal from 
a standardized electrical source was fed into the appa- 
ratus (and the recorder set) to give a 5 cm pen deflec- 
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Table II. Frequency of attachments of heat 
flux transducers necessary for 
successful recordings 






Frequency of attachment 


Technique of attachment 


Introducer and glue 9 0 
Ammnioscope and glue lI 6 3 2 
Direct, no glue 5 2 ] 2 


tion. Calibrations were performed at the beginning of 
each study, but when the measuring system proved to 
be accurate they were performed less frequently. 

Blood from the fetal scalp was sampled as outlined 
by Saling"* and then analyzed by an AVL Gascheck 845 
(AVL Coop., Graz A-8010, Austria) with automatic cal- 
ibration. Fetal scalp blood analysis was used in this study 
despite the known drawbacks of this method because 
at present we do not know of any better alternative to 
repeatedly assess the metabclic condition of the fetus. 
Axillary temperature of the mother and air tempera- 
ture of the delivery room were measured by standard 
mercury thermometers. 

We obtained 40 fetal scalp blood samples in the 25 
patients: one in 12 patients, two in 11, and three in 
two. 

Attachment techniques. We attached the heat flux 
transducer to the parieto-occipital region of the fetal 
scalp after rupture of amniotic membranes in patients 
with a known risk of fetal hypoxia, when the cervix was 
dilated >2.5 cm, and in the rest of patients, when the 
cardiotocogram signaled an emergency and fetal blood 
gas analysis was indicated. With the heat flux trans- 
ducer properly attached, we recorded the heat flux 
until delivery of the fetus. Repeated scalp blood sam- 
pling and vaginal examinations were performed with 
the transducer in place. At every vaginal examination 
we checked whether the heat flux transducer was at- 
tached correctly. 

The attachment procedure was modified according 
to the experience gained during the study. Three 
practical ways of attaching the heat flux transducer 
emerged: attachment with glue, using an amnioscope 
or a special introducer device, and without glue, mak- 
ing use of the pressure that the surrounding tissue 
exerts on the fetal head. 

Using an amnioscope of 40 mm diameter, we dried 
the scalp with gauze, introduced the heat flux trans- 
ducer with glue on its surface into the vagina, and at- 
tached it to the parieto-occipital region of the fetal 
scalp, and after removal of the amnioscope we firmly 
pressed the transducer onto the scalp to ensure good 
contact. 

Because of the inconvenience of the amnioscope we 
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Fig. 1. Original chart of an HP-8040A cardiotocograph monitoring heart rate (FR), heat flux, and 
uterine pressure in a fetus with variable and overlapping declerations. Noze the characteristic increase 
of heat flux during contractions. Basal heat flux was measured just before the onset of the next 


contraction. 


developed a special “introducer,” a lid that covers the 
side of the heat flux transducer where the glue is ap- 
plied. It allows unhindered insertion to the site of at- 
tachment. The transducer is then slid out of its pro- 
tective cover onto the fetal scalp. | 

For both techniques of attachment we used a water- 
resistant silicone adhesive (approved for use in hu- 
mans; 355 Medical Adhesive, Dow Corning, Europe 
Inc., Brussels, Belgium). Unlike Histacryl, this adhesive 
absorbs heat during its binding process, has a good 

gluing power, and is removed easily by acetone. 
-In five of 25 patients we applied the heat flux trans- 
ducer to the fetal scalp without glue during a vaginal 
examination. The transducer was inserted between the 
fetal scalp and the surrounding tissues during a pause 
of contractions and usually remained in place because 
of the tissue forces exerted on it. With this attachment 
procedure, the position of the transducer was checked 
more frequently by vaginal examinations. 

Independent of the technique of attachment, a dis- 
location of the heat flux transducer was suspected when 
the heat flux fell to half of its previous value within a 
minute, the heat flux no longer varied with contractions 
(Fig. 1), and gentle pulling on the transducer cable was 
no longer met with resistance. Correct placement or 
dislocation was then confirmed by vaginal examination. 
The numbers of attachment of the heat flux transducer 
required for a successful recording of heat flux de- 


pended on the technique of attachment (Table II). 

Analysis of data. One of the authors (V. S.), unaware 
of the purpose of the study, analyzed the data to avoid 
any bias. He identified the beginning and end of all 
procedures that cause artefacts in the recording of heat 
flux (e.g., vaginal examination, scalp blood sampling, 
and attachment of transducer). He then discarded 
these recordings and the recordings of 5 minutes after 
the end of such a procedure. From artefact-free re- 
cordings, the basal heat flux values before and after 
the fetal scalp blood sampling were then determined. 
Basal heat flux is the heat flux just before the onset of 
a contraction during which heat flux distinctly increases 
or decreases (Fig. 1). The onset of a contraction was 
identified either from the uterine pressure tracing or 
directly from the heat flux tracing. 

Scalp heat flux values before and after the fetal scalp 
blood sampling (i.e., presampling and postsampling 
values) were used for the analysis. To study the inter- 
individual relationship between scalp heat flux and fetal 
scalp blood pH, we exclusively used the one presam- 
pling value closest to delivery. 

To examine the intraindividual relationship between 
scalp heat flux and fetal scalp blood pH, we used data 
pairs from patients whose pH was measured twice. If 
available, two presampling values and, if not, a presam- 
pling and a postsampling value were taken for analysis. 
To know whether presampling and postsampling heat 
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Fig. 2. Diagram shows the interindividual relationship between presampling heat flux values and 
scalp blood pH. Heat flux values chronologically closest (@), farther away (©), and farthest away (*) 


from delivery are shown. 
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Fig. 3. Diagram shows the relationship of repeated measurements in individuals (i.e., intraindividual 
relationship). Presampling values chronologically closest (@) and farther away (©) from delivery and 
postsampling values chronologically next (W) and farther away (O) from delivery. 


flux values were exchangeable, we also related both 
variables to each other. 

Statistical analysis. Data are reported as means + 
1 SD. For statistical evaluation we performed a linear 
regression analysis. 


Results 


In 1& fetuses with presampling heat flux values, the 
scalp heat flux correlated significantly with the scalp 


blood pH (r = 0.736; n = 18; p< 0.001; y = 41x — 
284.5) (Fig. 2). For each 0.1 decrease of scalp blood 
pH, scalp heat flux decreased approximately 5 W/m? 
within the range of pH 7.15 to 7.35. 

Out of 13 fetuses with measurements on two occa- 
sions, changes of scalp heat flux paralleled changes of 
scalp blood pH in 11. In one fetus the scalp heat flux 
remained constant and in another it increased slightly 
despite a small decrease in scalp blood pH (Fig. $). 
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Changes in scalp heat flux reflected increases and de- 
creases in scalp blood pH equally well. 

In 20 cases, in which presampling and postsdmpling 
heat flux values were obtained, presampling heat flux 
correlated statistically significantly with postsampling 
heat flux values (r = 0.815; n = 20; p< 0.001; y = 
2.556x + 0.803). The mean difference between the two 
variables. was 0.2 W/m? with an SD of +0.2 W/m’. 
Therefore, presampling and postsampling heat flux 
values were considered to be equally representative for 
actual scalp heat flux. 

In 25 patients with either presampling < or postsam- 
pling heat flux values the correlation between scalp 
blood pH and scalp heat flux was also statistically sig- 
nificant (r = 0.771; n = 25; p< 0.001; y = 63.7x — 
447.9). 


Comment 


The results of this study indicate that the heat flowing 
from the fetal scalp is related to the metabolic condition 
of the fetus assessed as pH of the fetal scalp blood. 
These results agree with a previous study of similar 
nature in which the heat flux from the fetal scalp before 
birth was found to correlate with the pH of the um- 
bilical arterial blood at birth." 

For measuring the scalp heat flux, the following con- 
ditions have to be met: First, the head has to be the 
presenting part and should be engaged, because a float- 
ing head does not allow sufficient pressure to be applied 
for the attachment. Second, the cervix has to be dilated 
to >3 cm for the introduction of a 25 mm diameter 
transducer. Smaller transducers (e.g., 10 by 20 mm) 
would allow attachment at a cervical dilatation <3 cm, 
but they are less accurate. Third, the membranes have 
to be ruptured for the transducer attachment with glue. 
However, heat flux measurements are possible with in- 
tact membranes if the head is firmily engaged in the 
birth channel, no glue is used, and the transducer is 
held in place by the tissue forces exerted on it. Fourth, 
some cooperation from the patient is required for the 
attachment of the transducer, especially when an am- 
nioscope is used. With the special introducer, the at- 
tachment procedure does not differ essentially from 
the one of a spiral electrode. Fifth, attachnient of the 
transducer with glue seems advantageous (Table II). 
The use of the special introducer and glue, according 
to our experience so far, provides satisfactory and se- 
cure attachment of the heat flux transducer with a low 
failure rate. However, more experience is required to 
accurately assess which attachment technique is optimal 
for which condition and which criteria other than vag- 
inal examinations are reliably indicating the firm at- 
tachment of the transducer. 

Despite a highly significant correlation between scalp 
heat flux and scalp blood pH, the absolute values of 
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heat flux were somewhat scattered around the regres- 


sion line (Figs. 2 and 3). Two factors could be respon- 
sible for this: heat flux is measured at only one site of 
the scalp and may vary with the position of the trans- 
ducer on the scalp, and the temperature of the birth 
channel could be responsible for the variation of 
absolute heat flux from fetus to fetus. In the moth- 
ers studied axillary temperature ranged from 36° to 
37.5° C and remained fairly constant during the time 
of study. The differences in the axillary temperature 
were large enough to be responsible for the variation 
in absolute heat flux on one hand but certainly small 
enough not to disturb the good correlation between 
changes in heat flux and changes of pH. For further 
studies we advocate measurement of the environmental 
temperature of the head (i.e., the temperature of the 
maternal soft tissue of the birth channel) and correla- 
tion of heat flux values to it. 

For lack of a better method to assess the metabolic 
rate of the fetus repeatedly, we used the pH of the fetal 
scalp as a reference parameter. We were aware of the 
critique and limitations of this method.'*° Despite all 
methodic drawbacks of fetal scalp blood analysis, cor- 
relations between both variables investigated were sur- 
prisingly good. 

The décrease in scalp heat flux with the occurrence 
of metabolic acidosis (i.e., partly anaerobic metabolism) 
could be the result of a decreased metabolic heat pro- 
duction of the underlying brain or an increased cir- 
culatory heat convection out of the brain or both. Sim- 
bruner et al.'® found that the heat flux from the head 
is decreased in microcephalic and hydrocephalic new- 
borns, known for decreased cerebral heat production, 
and increased in children with hypoplastic left heart 
syndrome, known to have decreased cerebral circula- 
tion, compared with normal newborns in a similar ther- 
mal environment. Apart from metabolic heat produc- 
tion of and circulatory heat convection out of the brain, 
other factors such as scalp perfusion, reduced by aci- 
dosis, could cause the heat flux to decrease. Further 
studies are required to elucidate the thermal physiology 
of the fetal and neonatal head under pathophysiologic 
conditions. 

From the practical point of view, monitoring the fetal 
scalp heat flux offers several advantages. Unlike fetal 
scalp blood sampling, the method is noninvasive (i.e., 
the scalp remains intact), safe, and technically simple 
and yields continuous information related to the met- 
abolic heat production of the fetus. In contrast to car- 
diotocography, in which hypoxia via the autonomous 
nervous system alters the fetal heart rate and signals 
danger, in this method the measured variable is heat 
flux and thus is directly related to metabolism. Con- 
sequently, measuring heat flux together with cardioto- 
cography has the potential to sort out signals of danger 
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from true events of hypoxia and thus to reduce the 
number of false positive predictions of fetal distress 
often followed by unnecessary surgical interventions.’ 

In conclusion, the described method and reported 
correlation between scalp heat flux and fetal scalp blood 
pH could be a first step toward a more precise system 
of monitoring fetal metabolic rate. 
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Neonatal seizures after cesarean delivery: Higher risk 


with labor 


William N. Spellacy, M.D., Paul Q. Peterson, M.D., Ann Winegar, M.S., and 


Edward J. Quilligan, M.D. 
Chicago, Illinois, and Davis, California 


A study was done on the occurrence of neonatal seizures in 14,367 infants delivered by cesarean section 
in a perinatal region in 4 years. Although seizures occurred in 1% of all of these infants, smail infants 
weighing <2500 gm at birth had the highest frequency (>4%). Term infants delivered before labor (repeat 
cesarean section) had the lowest seizure rate (<0.2%), and this was a significantly lower (four times) 
frequency than that seen in term infants delivered by primary cesarean section. These data suggest that 
brain function as indexed by neonatal! seizures can be adversely affected during labor. (Am J OBsTeT 


GYNECOL 1987;157:377-9.) 


From the Department of Obstetrics and Gynecology and the Center 
for Health Services Research, University of Illinois College of Med- 
icine, Chicago, and the Department of Obstetrics and Gynecology, 
University of California School of Medicine at Davis. 

Recewea for publication October 30, 1986; revised March 1, 1987; 
accepted March 13, 1987. 

Reprint requests: Witham N. Spellacy, M.D., Department of Obstet- 
rics and Gynecology, College of Medicine, University of Illinois, 
840 S. Wood St., Chicago, IL 60612. 


One of the most serious perinatal problems today is 
infant brain damage that may leave a child impaired 
for life. In some neonates an early symptom of lifetime 
impairment is seizures.' Controversy exists as to when 
brain damage actually occurs in infants. Some studies 
suggest that it may occur during pregnancy before la- 
bor begins.? This study was undertaken to determine 
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Table I. Seizures in infants weighing <2500 
gm by primary and repeat cesarean sections 
(1982 to 1985) 





Cesarean sections 






Low risk (repeat 
without 
antepartum 
complications) 










Seizures Primary | Repeat | Total 





No seizures 


No. 1363 44} 1804 350 

% 95.2 95.9 95.4 96.4 
Seizures 

No. 69 19 88 13 

% 4.8 4.] 4.6 3.6 
Total 

No. 1432 460 1892 363 

% 100.0 100.0 100.0 100.00 





Probabilities not significantly different. 


if there was a statistical difference between the inci- 
dence of neonatal seizures in infants delivered by elec- 
tive cesarean section (no labor) and infants delivered 
by primary cesarean section (with labor). Infants weigh- 
ing <2500 gm at birth were analyzed separately from 
other infants because low birth weight has such a sig- 
nificant impact on the occurrence of seizures, as this 
study will again demonstrate.’ 


Methods 


The University of Illinois Perinatal Network began 
to electronically monitor the quality of care by ab- 
stracting all maternal and infant outpatient and hos- 
pital charts in 1982.° Information from approximately 
17,000 deliveries per year is entered into the data base. 
This study includes information from 14,367 cesarean 
sections performed from 1982 through 1985, which 
represented 21.1% of the total of 68,143 deliveries dur- 
ing that period. In that total, 357 infants were diag- 
nosed as having seizures (0.5%), whereas in the total 
cesarean section population 146 infants or 1.0% were 
diagnosed with seizures. 

Of the total of 8783 infants delivered by primary 
cesarean section, 116 were diagnosed with seizures 
(1.3%); of the total of 5584 infants delivered by elective 
cesarean section, 0.5% or 30 infants were diagnosed 
with seizures. All analyses in the study were performed 
by x’ incorporating Likelihood Ratio, Continuity Ad- 
justed, Mantel-Haenszel, and Fisher’s exact test (one 
and two tail), ) | 


Results 


The results of the study are shown in Tables I 
and II. The repeat cesarean section group was further 
divided into a low-risk group who had no antepartum 
problems such as hypertension, bleeding, and diabetes 
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Table II. Seizures in infants weighing =2500 
gm by primary and repeat cesarean sections 
(1982 to 1984) 






Cesearan sections 


Low risk (repeat 
without 
antepartum 
complications) 









Seizures Repeat 





No seizures _ 
No. 7304 5113 12417 4560 
% 99.4 99.8 99.5 99.8 
Seizures 
No. 47 ll 58 7 
% 0.6 0.2 0.5 0.2 
Total 
No. 7351 5124 12475 4567 
% 100.0 100.0 100.0 100.0 





p = 0.001 (highly significant). 


and were delivered electively without labor only be- 
cause of a prior cesarean section history. Neonatal sei- 
zures were more common in small infants but the pro- 
portion of seizures was similar between primary, repeat, 
and low-risk repeat cesarean sections for infants whose 
birth weights were <2500 gm (4.8% versus 4.1% versus 
3.6%; p not significant). The frequency of seizures in 
infants weighing >2500 gm is shown in Table II. There 
are significantly fewer infants with seizures in the re- 
peat cesarean section group (p < 0.000); for the repeat 
cesarean sections the difference is three times (0.64% 
versus 0.21%) and for the low-risk repeat cesarean sec- 
tion group the difference is 4.3 times (0.64% versus 
0.15%). | 

When comparing the differences of incidence of sei- 
zures by the two birth weight categories the percent of 
seizures was eight times higher in the small infants than 
in the large infants when primary cesarean section was 
the mode of delivery, although the percent of seizures 
was 21 times higher in small infants than in the large 
infants when repeat cesarean section was the mode of 
delivery. Thus the risk of seizure was one in 446 for 
term neonates delivered by cesarean section without 
labor, one in 156 for term infants delivered by cesarean 
section after onset of labor, and one in 667 for term 
infants of low-risk mothers who had routine repeat 
cesarean sections. 


Comment 


An understanding of the factors associated with an 
increased frequency of neonatal seizures may provide 
new information about other forms of perinatal mor- 
bidity and may allow a modification in perinatal care 
to reduce these forms of central nervous system 
damage. 

In this study, as well as others, prematurity was a 
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significant risk factor.' This study also analyzed the ef- 
fects of labor by studying the differences in frequency 
of seizures in infants delivered by elective repeat and 
primary cesarean sections. The repeat cesarean section 
group was further analyzed by comparing the sub- 
group that had no antepartum risk factors. In this low- 
risk group an elective repeat cesarean section was done 
and their neonates had the lowest risk of seizures 
(0.15%. When antepartum risk factors were present 
in the repeat cesarean section group, such as diabetes 
mellitus and hypertension, the neonatal seizure rate 
increased only slightly to 0.21%. Women who had labor 
and then underwent a cesarean section had the highest 
frequency of neonates with seizures (0.64%). These 
data suggest that labor rather than antepartum diseases 
is the risk factor for neonatal seizures and presumably 
central nervous system damage. This important finding 
suggests that additional studies are needed to deter- 
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mine when the function of the central nervous system 
of the infant is altered by the labor process itself. 


We gratefully acknowledge the assistance of Larry 
Seifert, M.S., in the statistical analysis of the data. The 
data provided for the study belong to the members of 
the University of Illinois Perinatal Network and were 
used with their permission. 
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Primary cesarean section and subsequent fertility 


Anita Parnes LaSala, M.D., and Alan S. Berkeley, M.D. 


New York, New York 


The incidence of infertility after primary cesarean section (study group) was compared to an age- and 
parity-matched control group who underwent vaginal delivery during 1978 at The New York Hospital. 
Secondary infertility occurred in 17/291 (5.8%) of the study group and 5/279 (1.8%) of the contro! group 
(p<0.03). Excluding those who practiced contraception and those who underwent sterilization, this 
difference is still significant (p<0.02). Excluding those patients with a history of infertility prior to the 7978 
birth, there was still a trend to increased subsequent infertility in the cesarean section group although this 
difference did not reach statistical significance (p<0.06). The patients with infertility did not have a higher 
incidence of postpartum endomyometritis, prolonged rupture of the membranes, or abnormal placentation. 
The causes of the secondary infertility could not always be directly related to cesarean section; the 
concept of an “infertility threshold” will be discussed. (Am J OssTeT GYNECOL 1987;157:379-83.) 


Key words: Cesarean section, secondary infertility, “infertility threshold” 


The rate of cesarean delivery has increased dramat- 
ically over the last 15 years. Although the benefits of 
this trend for the unborn child have been widely de- 
bated, the maternal effects have been less thoroughly 
investigated. With modern blood-banking and anes- 
thesia and with the widespread use of prophylactic an- 
tibiotics, immediate postoperative morbidity for cesar- 
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ean section’ has decreased and death is extremely rare. 
Long-term maternal morbidity has been less fully ex- 
amined. _ 

The incidence of secondary infertility is unknown; 
its cause is diverse and in many cases unexplained. The 
most commonly accepted cause of secondary infertility 
is tubal damage and adhesions that occur after pelvic 
inflammatory disease’; the role of other causes of peri- 
tonitis is less clear-cut." Three studies have failed to 
indicate an, association between induced abortion and 
subsequent infertility.*° Abdominal myomectomy, 
while frequently performed as a treatment for infer- 
tility, has also been suggested as a cause of infertility in 
previously fertile women.® * Endometrial ossification 
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Table I. Derivation of study groups 


section delivery 
Initial No. of charts 502 502 
requested 
Eligible, chart 439 442 
available 
Lost to follow-up 108 127 
Inadequate follow-up 40 36 


Complete follow-up 291 (66.3%) 279 (63.1%) 


following retained products of conception and inad- 
vertent tubal division at the time of inguinal hernior- 
rhaphy have also been reported as rare causes of sec- 
ondary infertility.® ° 

The relationship of cesarean section to subsequent 
infertility has remained largely unexplored, although 
it has been postulated that postoperative endomyo- 
metritis, pelvic adhesions, and uterine cavity dam- 
age might be possible mechanisms.'® Two recent stud- 
ies have failed to document a relationship between 
postoperative endomyometritis and secondary infer- 
tility’ '*; these studies, however, used uninfected ce- 
sarean section patients as the control poulation. This 
study was designed to compare the incidence of in- 
fertility after cesarean section to that of an age- and 
parity-matched control group who underwent vaginal 
delivery. 


Material and methods 


The name and hospital number of each patient who 
underwent primary cesarean section at The New York 
Hospital in 1978 were retrieved from the daily obstetric 
logbook; the name and hospital number of the next 
age- and parity-matched patient who was delivered vag- 
inally were also obtained. The hospital record was re- 
quested for all patients; outpatient records were re- 
viewed and personal contact was attempted in all pa- 
tients whose fertility status was still unclear after review 
of the inpatient chart. 

Patients were considered ineligible for the study if 
their hospital records were unavailable or incomplete 
or if they underwent sterilization during the same hos- 
pitalization. Charts were reviewed for demographic 
data, labor and delivery events, postpartum course for 
mother and infant, and any history of previous infer- 
tility; the chart was also searched for any subsequent 
admission or information regarding future reproduc- 
tive events. Even if the hospital chart was available and 
complete, a patient was considered “lost to follow-up” 
unless there was a contact with reproductive informa- 
tion more than 3 years after delivery; patients with a 
reproductive event at any time after the 1978 delivery 
were considered to be evaluable. All subsequent in- 
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Table II. Differences in incidence of 
postpartum endomyometritis between those 
patients lost to follow-up and those in both the 
study and control groups 





Endomyometritis 






Cesarean section 81/29] 27.9 

(study group) p < 0.005 
Cesarean section 66/148 44.6 

(lost to follow-up) 
Vaginal delivery 2/279 0.7 

(control group) pee 
Vaginal delivery 9/163 5.5 


(lost to follow-up) 





fertility was documented by medical record or per- 
sonal contact with the patient by one of the authors 
(A. P. L.). These patients had not conceived as of Jan- 
uary 1984 and had been trying to do so for at least 
2 years. 

Standard febrile morbidity was defined as the pres- 
ence of a temperature > 38° on at least two occasions 
6 hours apart more than 24 hours after delivery. En- 
domyometritis was defined as the presence of standard 
febrile morbidity, administration of antibiotics, diag- 
nosis documented on the chart, and absence of any 
other source of fever. 

The x’ analysis with Yates’ correction was used to test 
the significance of the data. 


Results 


The 502 patients who underwent primary cesarean 
section at The New York Hospital in 1978 constituted 
the study group; a like number of patients who un- 
derwent vaginal delivery constituted the control group. 
Table I demonstrates how many patients in each group 
were ineligible, were lost to follow-up, or had inade- 
quate follow-up. Complete follow-up, was available for 
291/439 (66.3%) of the study group and 279/442 
(63.1%) of the control group; this meant that they ei- 
ther had an intrauterine pregnancy at some time since 
delivery, were using birth control at least through 1981, 
or had at least 2 years of secondary infertility. 

There was no significant difference between those 
patients lost to follow-up and those who were evaluable 
in terms of age, race, parity, socioeconomic status, in- 
dication for cesarean section, type of vaginal delivery, 
or duration of previous infertility. There was, however, 
a significantly higher incidence of postpartum endo- 
myometritis in those patients lost to follow-up (Ta- 
ble IF). 

Demographic data for the two groups are presented 
in Table III. Those who underwent cesarean section 
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Table III. Demographic data for study and 
control groups 






Cesarean 
section 


Mean age (yr) 30 28 

Private service - 238 81.8* 199 71.3* 

Race 
White 222 76.3 198 710 
Black 37 12.7 45 16.1 
Hispanic and other 32 11.0 36 129 

Incidence of primi- 246  84.5łt 217 7718F 
parity 

Incidence of pre- 21 7.2F Bo aay 
vious infertility 

*p < 0.01. 

tp < 0.05. 


had a higher incidence of previous infertility and pri- 
miparity than those who underwent vaginal delivery 
(p<0.05) and were more likely to be private patients 
(p<0.01). 

Subsequent reproductive outcome is documented in 
Table IV. For statistical purposes those patients whose 
only reproductive event was an ectopic pregnancy were 
classified as infertile. Therefore the incidence of infer- 
tility was 17/291 (5.8%) in the study group and 5/279 
(1.8%) in the control group, a significant difference 
(p<0.03). If one excludes those patients using contra- 
ception or having undergone sterilization and includes 
only those at risk for pregnancy, the incidence of in- 
fertility was 17/220 (7.7%) in the study group and 
5/224 (2.2%) in the control group, also a significant 
difference (p<0.02). If one includes those patients who 
had only spontaneous abortions in the infertility cate- 
gory, the incidence of infertility becomes 30/220 
(13.6%) in the study group at risk for pregnancy and 
15/224 (6.7%) in the control group, also significantly 
different (p<0.02). 

Table V compares the incidence of certain factors 
that might be related to subsequent infertility between 
those patients with subsequent infertility and those 
without in both groups; this includes history of previous 
infertility, occurrence of infection, length of ruptured 
membranes, and indication for cesarean section. Sig- 
nificantly more patients who had infertility after cesar- 
ean section had a history of infertility prior to that 
delivery compared with those who did not have infer- 
tility after cesarean section (p<0.05). If all patients with 
a history of previous infertility are excluded from our 
analysis, 13/204 (6.4%) of those who underwent cesar- 
ean section developed secondary inferulity compared 
with 5/224 (2.2%) of those who had a vaginal delivery; 
a stong trend for secondary infertility after cesarean 


ei i sg NN 


Cesarean section and fertility 381 


Table IV. Subsequent reproductive outcome 
in study and control groups 







Cesarean 
section 


Viable infant 171 183 
Sterilization* 7 3 
Contraception* 64 52 
Elective abortiont 19 26 
Spontaneous abortion} 13 10 
Ectopic pregnancyt l l 
Infertility 16 4 


*No intervening pregnancy. 
tOnly reproductive event. 


section persists although it does not quite reach statis- 
tical significance (p<0.06). 

Table VI documents the causes of the subsequent 
infertility, if known, in both groups. 


Comment 


Despite the difficulties inherent in obtaining long- 
term follow-up in a mobile, urban population, a sub- 
stantial number of patients (64.7%) were completely 
evaluable by our criteria. Those lost to follow-up were 
different from those included in the study in only one 
respect, namely, their higher incidence of endomyo- 
metritis. Although suggested as a possible cause of sub- 
sequent infertility, the effect of postpartum endomyo- 
metritis has been discounted both by our own data 
(those with subsequent inferulity after cesarean section 
had a lower rate of postpartum endomyometritis than 
those with established fertility after cesarean section) 
and by two recent studies.’ * In fact, if postpartum 
endomyometritis were a cause of subsequent infertility, 
then our study is underestimating post~cesarean sec- 
tion infertility because the number of cesarean section 
patients lost to follow-up includes many more with post- 
partum endomyometritis than those lost to follow-up 
in the vaginal delivery group. Therefore the conclu- 
sions drawn from our study population are valid. 

Secondary infertility was found significantly more 
frequently in those patients who underwent cesarean 
section. The patients with infertility did not have a 
higher incidence of postpartum endomyometritis, pro- 
longed rupture of the membranes, or placental abnor- 
malities when compared with those without subsequent 
infertility. However, in the control group the absolute 
incidence of secondary infertility was extremely low 
(2.2%); on a population basis the 7.7% reported for the 
study group would, if confirmed, represent a dramatic 
increase in infertility related to cesarean section. Of 
further interest, the rate of secondary infertility for our 
entire population was 22/484 (4.5%). However, our cri- 
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Table V. Incidence of factors that might be related to subsequent fertility in fertile and infertile patients 


in both study and control groups 


Cesarean section 


Vaginal deltvery 


Subsequently infertile Subsequently fertile Subsequently infertile Subsequently fertile 
Factor (n = 17) (%) (n = 274) (%) {n = 5) (%) (n = 274) (%) 


Previous infertility 29:97 
Postpartum endomyometritis 17.6 
Other infection} 17.6 
Intact membranes 35.3 
Membranes ruptured 
1-6 hr 23.5 
7-24 hr 41.2 
>24 hr 0 
Indication for cesarean section 
Cephalopelvic disproportion 52.9 
Fetal distress 17.6 
Abnormal presentation 11.8 
Abnormal placentation 0 
Multiple gestation 0 
Maternal indications 17.6 
*p < 0.05. 


tUrinary tract infection, mastitis, wound infection. 


Table VI. Causes of secondary infertility in 
study and control groups 





Cesarean 
section 


(n = 17) 






Asherman’s syndrome 

Male factor 

Tubal factors 

Ovulatory dysfunction 

Unknown, evaluation 
in progress 


bns SE aa ND E DO 
NON Re © 


teria and methodology probably cause us to underes- 
timate the incidence of secondary infertility in all 
groups. This is because we used 2 years rather than the 
more standard 1 year as our definition of infertility and 
because infertility patients are less likely than maternity 
patients to be hospitalized, making them more likely to 
be lost to follow-up. 

Infertility can be a multifactorial problem. It is pos- 
sible that woman with one or more minor abnormalities 
of reproductive function can still become pregnant if 
the sum of the effects of these abnormalities falls below 
some “infertility threshold.” The added stress of a ce- 
sarean section (peritubal adhesions or intrauterine in- 
jury) may push these women over the threshold and 
result in subsequent infertility. One could argue that 
patients with a history of previous infertility should be 
excluded from calculations of the rate of secondary 
infertility after cesarean section because it is difficult to 
assess how much of this secondary infertility can be 
attributed to the mode of delivery and how much to a 


6.2* 0 2.9 
28.5 0 0.7 

8.4 0 1.5 
24.5 0 0 
33.6 80 61.1 
36.5 20 34.3 

9-5 0 4.6 
46.0 
19.7 
21.5 

6.2 

1.5 

8.8 


preexisting fertility problem. However, we do not be- 
lieve that exclusion of these patients is either necessary 
or appropriate, because the definition of “previous in- 
fertility” used in this study is very broad. We included 
in this category any patient who ever had an infertility 
workup, with or without a diagnosis being established. 

Of the 17 patients with infertility after cesarean sec- 
tion, four are said to have previous infertility. Two 
of these women started a fertility evaluation, under- 
went normal hysterosalpingography, had no further 
workup, and conceived. One woman stated that she had 
a “hormonal imbalance” discovered after a workup that 
included normal semen analysis and hysterosalpingog- 
raphy; she was treated with a progestational agent for 
5 days and conceived. This “therapy” was repeated, 
unsuccessfully, after cesarean section when she again 
complained of infertility. The last patient conceived 
with the help of clomiphene citrate and insemination 
with sperm of her husband. After the cesarean section, 
this therapy, as well as human menopausal gonadotro- 
pin therapy, was tried without success. In reality, al- 
though included in our calculations, the first three pa- 
tients had no cause of infertility identified before ce- 
sarean section. The fourth patient had an ovulatory 
problem successfully treated with medical therapy prior 
to operation that failed to respond to the same, and 
more intensive, therapy after operation; this suggests 
that an additional factor had come into play. Any in- 
crease in the rate of secondary infertility caused by the 
inclusion of these patients in our statistics only serves 
to confirm our thesis that cesarean delivery causes pa- 
tients with marginal fertility to become infertile. 

This concept of a threshold is important because only 


Volume 157 
Number 2 


four of our 17 study patients with infertility had verified 
tubal or intrauterine disease as the sole cause of infer- 
tility. Most authorities would accept that these abnor- 
malities resulted from operation. The other 13 patients 
had a cause that either was not clearly directly related 
to cesarean section or was as yet unknown. It is in these 
patients that surgically related subclinical injury may 
have an additive effect to other nonsurgical infertility 
factors that may have knowingly. or unknowingly been 
present before the cesarean section. This threshold 
concept may explain the paradox of increased infer- 
tility after cesarean section unexplained by obvious 
postsurgical morbidity. 

Asherman’s syndrome is a rare occurrence after ce- 
sarean section without curettage.'* '* Nevertheless, two 
of the patients in our study group suffered this com- 
plication and required hysteroscopic division of intra- 
uterine synechiae. One has subsequently had an ectopic 
pregnancy and the other has as yet failed to conceive. 

Two recent epidemiologic studies addressed the issue 
of the effect of cesarean section on subsequent fertility. 
Zdeb et al.* demonstrated an 11% decrease in subse- 
quent pregnancies in women who had undergone pri- 
mary cesarean section as compared with those who had 
a vaginal delivery. It could not be determined from this 
study whether this was'a voluntary difference. Hem- 
minki et al.!© came to a similar conclusion; however, 
patients undergoing surgical sterilization were not ex- 
cluded from the data, and there were more of these 
patients in the cesarean section group. Our study ad- 
dresses both these issues by excluding women who were 
practicing contraception or had undergone steriliza- 
tion, We suggest that the difference in fertility is not 
voluntary; there is a significantly ‘higher incidence of 
infertility after cesarean section among women desiring 
pregnancy. If confirmed by future investigations, this 
information will have to be added to the other com- 
ponents of the risk-benefit equation for primary cesar- 
ean section. 
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A study on intrauterine fetal resuscitation with terbutaline 


Michael S. Patriarco, D.O., Bruce M. Viechnicki, M.D., Thomas A. Hutchinson, M.D., 


Stephen K. Klasko, M.D., and Sze-Ya Yeh, M.D. 
Allentown, Pennsylvania 


A randomized study on the effect of terbutaline on fetal distress was carried out in 20 patients who 
showed evidence of ominous fetal heart rate patterns and fetal scalp blooc pH values of <7.25. Of those, 
11 received terbutaline (study group) and nine did not (control group). There was a significant 
improvement in the acid-base status of the fetus in the study group compared with those in the control 
group (p < 0.01). No significant maternal or fetal morbidity occurred in the study group. Apgar scores at 

1 minute were 7 or greater in 10 of the 11 study subjects whereas only four of the nine contro! subjects 
had a score of 7 or greater. These results suggest that terbutaline may become a useful agent in the 
treatment of intrauterine fetal distress. (Am J OBSTET GYNECOL 1987;157:384-7.) 


Key words: Terbutaline, fetal distress, fetal resuscitation 


Recent advances in continuous electronic fetal heart 
rate monitoring and fetal capillary blood pH measure- 
ments have facilitated the detection of fetal distress 
in utero; however, the treatment of fetal distress has 
remained relatively unchanged during the last two de- 
cades. Acute fetal distress, when indicated by ominous 
fetal heart rate patterns or acidotic fetal capillary blood, 
requires prompt intervention. If no relief occurs with 
conventional methods (i.e., changing the maternal po- 
sition, oxygen administration, arid discontinuation of 
oxytocin if it is in use), immediate delivery should be 
considered by either cesarean section or rapid operative 
vaginal delivery. 

When immediate cesarean delivery is indicated, the 
time interval required to prepare for the surgery may 
be too long for an already-compromised fetus. There- 
fore, any intermediate treatment that could prevent 
further deterioration of the fetal condition would be 
very useful. 

Caldeyro-Barcia et al.' first described the en 
use of a pharmacologic agent for intrauterine resus- 
citation. In their study a B-sympathomimetic agent, 
metaproterenol sulfate, was used. By decreasing uter- 
ine activity through B-sympathomimetic activity, uter- 
ine perfusion to the fetus could be increased, thereby 
improving its acid-base status. Pharmacologically, the 
advantages of using this agent for intrauterine resus- 
Citation are manyfold: first, the rapid pharmacologic 
effect demonstrated by this agent; second, increased 
maternal venous return, stroke volume, and cardiac 
output as a result of its vasodilating effect (this increase 
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results in improvement of the uteroplacental blood 
flow? *); third, increased cardiac output and uteropla- 
cental blood flow caused by maternal tachycardia and 
sympathetic activity**; fourth, increased uteroplacental 
blood flow caused by the B-sympathomimetic agent**; 
and fifth, enhanced transfer of glucose from the 
mother of the fetus because of maternal hyperglycemia 
caused by this agent.? 

Because of the limited number of published articles 
studying the issue of intrauterine resuscitation, this 
prospective, randomized study was undertaken to eval- 
uate terbutaline, a B-sympathomimetic agent, for the 
management of intrapartum fetal distress. 


Material and methods 


This study was carried out in the labor and delivery 
suite at the Allentown Hospital from January 1984 to 
December 1985. When patients in labor showed signs 
of fetal distress as indicated by repetitive late deceler- 
ations or severe variable decelerations with internal fe- 
tal heart rate monitoring, they were managed initially 
with conventional methods (i.e., administrating oxy- 
gen to the mother by mask, changing maternal posi- 
tions, placing her in the Trendelenburg position when 
needed, and discontinuing oxytocin infusion if it was 
in use). If fetal heart rate deceleration patterns per- 
sisted despite the above measures, a fetal scalp blood 
sample was obtained, and the pH was measured with 
a blood gas analyzer (Instrumentation Laboratory, Inc., 
Lexington, Mass.). If the pH value was below 7.25, 
which indicated fetal distress,” the patient was selected 
for the study after a proper informed consent was ob- 
tained. She was then randomly assigned to the study 
or the control group by randomly generated numbers. 
While preparations were being made for delivery the 
patients in the study group were given 0.25 mg ter- 
butaline sulfate injection subcutaneously, and those in 
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Table I. Demographic data of patients in the 
study group and the control group 


Study group Control group 
(n= I) (n = 9) 


Maternal age (yr)* 23.0 + 1.3 26.0 + 1.8 
Gestational age {wk)* 39.7 +.0.5 39.2: 1.6 
Parity 
Nulliparous 5 4 
Multiparous 6 5 
Complications 
None 3 2 
Postdatism 2 2 
IUGR 2 l 
Hypertension 0 i 
Meconium passage 3 2 
Prematurity 0 ] 
Oligohydramnios l 0 
Anesthetic for delivery 
General 9 6 
Regional 2 3 


IUGR, Intrauterine growth retardation. 
*Mean + SEM. 


the control group received no medication. Fetal heart 
rate monitoring was continued in both groups until the 
infant was delivered. At the time of delivery, blood 
samples were obtained from the umbilical artery in hep- 
arinized syringes for pH determinations. Immediately 
after delivery, all neonates were evaluated by a pedia- 
trician or neonatologist in the delivery room and Apgar 
scores were given, 

Twenty pregnant patients were selected for this 
study. Eleven patients were randomized as the study 
group and nine as the control group. A separate t test 
was used to compare the pH values and a x’ test was 
used to compare the Apgar scores in two groups. A 


p value <0.05 was used to indicate significant differ- 


ences. 

Seven additional cases are presented for discussion. 
They were not included in the study because a fetal 
scalp blood sample was not obtained before adminis- 
tration of terbutaline because of urgent situations that 
required immediate intervention. 


Results 


Table I lists the demographic data in both groups. 
These include the maternal age, parity, gestational age, 
complications of pregnancy, and type of anesthetic used 
for delivery. There was no significant difference found 
between the groups. 

Of the 11 patients in the study group, seven dem- 
onstrated fetal distress as indicated by late decelerations 
whereas the remaining four patients had severe vari- 
able decelerations. After terbutaline administration, 
five patients demonstrated complete cessation of uter- 
ine activity whereas the remaining six patients showed 
diminished frequency of contractions. In all five pa- 
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J Study Group (N=1 1) 
mean + 2 S.EM. 


j Control Group (N=9) 
mean + 2 SEM. 


7.30 


pH 
7.20 
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Fetal Umbilical 


Capillary Artery 


Fig. 1. pH change in the study and control groups. 


tients in whom uterine activity subsided, no further 
fetal heart rate decelerations were noted. Five of the 
six remaining patients continued to have fetal heart rate 
decelerations at a lesser degree of amplitude and fre- 
quency. Only one patient did not show any improve- 
ment in the fetal heart rate deceleration patterns. 

Of the nine patients in the control group, six showed 
repetitive late decelerations and three had severe vari- 
able decelerations. In all instances no improvement was 
noted in the fetal heart rate deceleration patterns or 
the uterine activity before delivery. 

Fig. 1 and Table H summarize the changes of blood 
pH values in both the control and study groups. In the 
control group the mean fetal scalp blood pH was 7.18 
with an SEM of 0.02. In the study group the mean fetal 
pH was 7.15 with an SEM of 0.02. The difference of 
means between these two groups was not significant. 
The mean umbilical arterial blood pH in the contro! 
group was 7.17 with an SEM of 0.02, whereas the mean 
umbilical artery pH of the study group was 7.25 with 
an SEM of 0.03. This difference was statistically sig- 
niñcant at p < 0.025. In 10 of the 11 treated patients 
the umbilical artery pH was greater than the fetal cap- 
illary blood pH. In six of the nine patients in the control 
group the umbilical artery pH was actually lower than 
the last fetal pH value. A t test was performed to com- 
pare the mean of the fetal capillary blood pH with the 
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Table II. Comparison of pH values from fetal scalp blood and umbilical arterial blood between the study 
group and tie control group 





Fetal pH 





Umbilicai pH 






Study group 1i 7.15 + 0.02 7.25 + 0.03 <0.01 
Control group 9 7.18 + 0.02 7.17 + 0.02 NS 
p Value* NS <0.025 





*p Values were obtained from separate t test. 


Table III. Comparison of Apgar scores 
between the study and the control group 


Study group | Control group 
(m = Il) (n = 9) p Value* 


1 min Apgar score 
<7 


l 4 <0.025 
=7 10 5 
5 min Apgar score 
0 2 NS 
27 1] 7 


*p Values were obtained from the x’ test. 


mean of the umbilical artery pH in both groups. The 
umbilical artery mean pH was found to be significantly 
higher than the fetal scalp blood pH in the study group 
(p < 0.01), whereas there was no statistical difference 
in the control group. 

Ten of the 11] patients in the study group had 
I-minute Apgar scores of 7 or greater. However, in 
the control group only four of the nine patients had 
\-minute Apgar scores of 7 or greater. This difference 
was Statistically significant at p < 0.025 (Table III). 

There were no perinatal deaths in either group. The 
mean birth weight in the study group was 7 pounds 
2 ounces with a range of 4 pounds 8 % ounces to 
9 pounds 4°% ounces’ The mean birth weight in the 
control group was 7 pounds 5 ounces with a range of 
4 pounds 15 34 ouncés to 9 pounds 2 ounces. There 
was no apparent difference in neonatal morbidity in 
either group. _ 

There were no maternal side effects noticed as the 
result of terbutaline administration. A mild tachycardia 
was noted in patients who received medication; how- 
ever, they remained symptom free at all times. 

All patients in this study were delivered by cesarean 
section. Nine of the 11 patients in the study group were 
delivered under general anesthetic, one under spinal 
anesthetic, and one under epidural anesthetic. In the 
control group, six of the nine patients were delivered 
under general anesthetic, one under epidural anes- 
thetic, and two under spinal anesthetic. 

In the seven additional patients presented, who did 
not meet protocol requirements, five were delivered by 


cesarean section and two were delivered vaginally. Both 
of the patients delivered vaginally had prolonged fetal 
bradycardias lasting 7 minutes or longer that did not 
respond to oxygen administration, positional changes, 
or discontinuation of oxytocin. While preparing for 
cesarean section, terbutaline was administered subcu- 
taneously. Within the next 5 minutes the fetal heart 
rate returned to normal. Both patients were allowed to 
continue labor and had successful vaginal deliveries. 

The remaining five patients had urgent situations that 
required immediate delivery. There was not sufficient 
time to obtain a scalp blood sample for pH determi- 
nation before cesarean section. All patients received 
terbutaline before surgery. The umbilical artery blood 
pH was >7.25 in three of these five patients. Four of 
the five patients had a ]-minute Apgar score of 7 or 
greater. 


Comment 


Once detected, fetal distress has traditionally been 
treated by giving oxygen, changing maternal positions, 
or discontinuing oxytocin infusion. If there is no ap- 
parent improvement in the fetal status indicated by the 
fetal scalp blood pH, or the fetal heart rate tracing, 
prompt delivery should be considered. 

In 1969 Caldeyro-Barcia et al.' described a potential 
new method for the treatment of fetal distress. In this 
study, metaproterenol sulfate, a B-sympathomimetic 
agent, was administered through a continuous intra- 
venous infusion. In this report, fetal scalp blood sam- 
ples were obtained for pH determination sequentially 
after the initiation of metaproterenol sulfate infusion 
until the fetal pH recovered to 7.30 or greater. Once 
the patient had recovered, the infant was delivered by 
cesarean section in a “resuscitated state.” Most of the 
subsequent studies on this subject were done in foreign 
countries. 

In this country, Arias® attempted to manage acute 
intrapartum fetal distress with terbutaline administra- 
tion. Fifteen pregnant women in whom fetal distress 
was detected by electronic fetal heart rate monitoring 
who did not respond to maternal positional changes, 
oxygen administration, or discontinuation of oxytocin 
received terbutaline, 0.25 mg, subcutaneously or intra- 
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venously. All patients showed evidence of partial or 
total fetal recovery after the drug administration. How- 
ever, this study did not provide a biochemical evidence 
of fetal recovery. 

Tejani et al.” also used terbutaline for intrauterine 
fetal resuscitation. Eighteen patients were selected for 
the study with the criteria of fetal distress defined by 
fetal acidosis (fetal scalp blood pH <7.25).° Ten of the 
18 patients received terbutaline. There was an obvious 
improvement of fetal heart rate patterns and fetal acid- 
base status when fetal scalp pH was compared with the 
umbilical artery pH in these treated cases. Although 
this was not a randomized study, there appeared to be 
evidence suggesting that terbutaline could be used as 
a resuscitative agent in utero. 

Lipshitz’? used an intravenous bolus injection of 
hexoprenaline, another B-sympathomimetic drug, for 
the treatment of fetal distress in six patients. A rapid 
improvement in fetal heart rate occurred on all occa- 
sions. Again, this study did not provide biochemical 
evidence of fetal improvement. 

In our study, pH was chosen to demonstrate fetal 
distress because previous studies have indicated a poor 
correlation between ominous fetal heart rate patterns 
and the Apgar scores.’ We have demonstrated a sig- 
nificant improvement of the acid-base status in the neo- 
nates of the study group as compared with the control 
group. This study also showed evidence of better neo- 
natal condition in the study group in terms of Apgar 
scores. No significant maternal or fetal side effects oc- 
curred in any of the patients who received terbutaline. 

The results of this study suggest that terbutaline may 
be useful in the management of fetal distress during 
labor when other conventional methods have failed. 
Terbutaline offers several advantages in the manage- 
ment of acute fetal distress. First, terbutaline seems to 
improve the acid-base status of the fetus immediately 
and therefore allows delivery of a resuscitated infant 
rather than a depressed infant. Second, giving terbu- 
taline may decrease the need for immediate delivery. 
This may be of great benefit, especially in a hospital in 
which emergency anesthetic coverage is not readily 
available. ‘Third, since fetal distress may be a transient 
phenomenon, terbutaline may assist the fetus in over- 
coming this transient stress and allow the patient to 
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continue labor. Fourth, since terbutaline may decrease 
the urgency of delivery, additional time may be avail- 
able for the patient to receive conductive anesthetic, 
thereby decreasing the additional risks of “crashed” 
cesarean section and general anesthetic. 


We gratefully acknowledge the cooperative effort of 
the attending and nursing staff of the Allentown Hos- 
pital. 
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A randomized trial of ritodrine tocolysis versus expectant 
management in patients with premature rupture of membranes 
at 25 to 30 weeks of gestation 


Thomas J. Garite, M.D., Kirk A. Keegan, M.D., Roger K. Freeman, M.D., and ` 


Michael P. Nageotte, M.D. 
Long Beach, California 


Expectant management was compared with similar management plus ritodrine tocolysis in a randomized 
controiled trial in patients with premature rupture of membranes at 25 to 30 weeks of gestation. In the 
tocolysis group intravenously administered ritodrine was instituted at the onset of labor and then changed 
to the oral form if successful. Tocolysis was discontinued or not instituted after 31 weeks of gestation. 
Seventy-nine patients were randomized over a 4-year period, 39 in the tocolysis group and 40 in the 
expectant group. Twenty-three patients in the tocolysis group actually received ritodrine. No difference 
between the two groups was demonstrated in the interval between premature rupture of membranes and 
delivery or in reaching 32 weeks of gestation. No statistical difference was seen in maternal morbidity. 
Birth weights and gestational ages at delivery were similar between the two groups as were the incidences 
of neonatal morbidities caused by prematurity and infection and in the duration of neonatal hospital stays. 
Despite being conducted in those gestational ages in which prolongation of pregnancy might be expected 
to be of most benefit, no difference could be demonstrated with the addition of tocolytic therapy over 
expectant management alone. (Am J Osstet GYNECOL 1987;157:388-93.) 


Key words: Tocolysis, PROM 


Premature rupture of membranes (PROM) is the 
most common single diagnosis leading to premature 
delivery and neonatal complications that require ad- 
mission to a neonatal intensive care unit. Better un- 
derstanding, newer antibiotics, and improved diagnos- 
tic techniques have led to fewer major maternal com- 
plications. As a consequence, in recent years there has 
been an increasing tendency to develop management 
protocols designed principally to prolong pregnancy 
and decrease neonatal complications from prematurity. 

Premature labor is a natural consequence of PROM, 
since 80% to 90% of preterm patients will go into labor 
within a week of membrane rupture.’ With the avail- 
ability of effective tocolytic agents it would seem logical 
to apply this form of therapy to patients with premature 
labor following PROM. In the past experts have 
thought that tocolysis was contraindicated in such pa- 
tients primarily because of the concern of increasing 
the likelihood of infectious morbidity and mortality.’ 
However, to date there have been few data from con- 
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trolled studies on which to evaluate the efficacy and 
safety of attempting to stop labor and delay preterm 
delivery in patients after PROM. 

Therefore, a prospective randomized study was de- 
veloped to evaluate the use of tocolysis in patients with 
preterm labor after PROM. Because it has been shown 
that tocolytic therapy is generally less effective in pa- 
tients with ruptured as opposed to intact membranes, 
we chose to study patients with PROM in the very pre- 
mature gestation, in which any benefit from prolon- 
gation of pregnancy and the consequent improvement 
in neonatal outcome might be expected to be most likely 
demonstrated. 


Material and methods 


All patients admitted to the perinatal service of the 
Long Beach Memorial Women’s Hospital either pri- 
marily or as a perinatal and/or maternal transport with 
PROM and singleton pregnancies between 25 weeks 
and 30 weeks, 6 days of gestation were requested to 
consent to randomization. Gestational age was deter- 
mined by menstrual history and prenatal examinations 
or if these were questionable, by ultrasound measure- 
ments of biparietal diameter, abdominal circumfer- 
ence, and femur length. Patients with heart disease, 
diabetes mellitus, and thyrotoxicosis were excluded. 

Ruptre of membranes was documented by speculum 
examination that confirmed the pooling of fluid in the 
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posterior vaginal fornix; alkaline pH by Nitrazine pa- 
per; ferning; and direct visualization of leakage of fluid 
from the cervical canal. 

Cultures for group B Streptococcus and gonorrhea 
were obtained at this time. No digital examinations 
were performed unless the patient was thought to be 
in active labor; although some patients had been ex- 
amined digitally before maternal transport. Patients 
with equivocal or undocumented rupture of mem- 
branes were not included in the study. Patients in ad- 
vanced active labor, as defined by regular contractions 
and clear visibility of the fetal presenting parts on spec- 
ulum examination, were also excluded. Patients were 
then evaluated for fetal distress by continuous elec- 
tronic fetal heart rate monitoring and for clinical cho- 
rioamnionitis. The clinical diagnosis of chorioamnion- 
itis required the presence of a temperature elevation 
of =100.4° F and any one of the following: maternal 
tachycardia (heart rate >100 bpm); fetal tachycardia 
(heart rate >160 bpm); maternal leukocytosis (white 
blood cells >15,000/mm*); uterine tenderness; or foul- 
smelling amniotic fluid. Patients with irreversible fetal 
distress or clinica] chorioamnionitis were delivered im- 
mediately and were not randomized. 

Consenting patients were randomized to receive ei- 
ther expectant management only or expectant man- 
agement plus intravenous administration of ritodrine 
at the onset of contractions. Patients in the expectant 
management group were delivered for spontaneous la- 
bor, clinical chorioamnionitis, or fetal distress. Patients 
in the tocolytic group were similarly managed except 
at the onset of contractions with a frequency of three 
or more per 20 minutes; tocolytic therapy with intra- 
venously administered ritodrine was begun. Patients 
were started on 150 g/min, which was increased by 
50 wg every 10 minutes until one of the following was 
achieved: decrease in contraction frequency to <one 
contraction/10 min; unacceptable complications or side 
effects; or when a maximum of 350 pg/min was 
reached. The infusion was continued for at least 12 
hours after contractions abated. The maximum dosage 
was allowed for no more than 24 hours in the event 
that contractions were continuing at this drug level. 
Patients whose labors were successfully stopped were 
switched to oral ritodrine at an initial dosage of 10 mg 
every 3 hours, but the dosage was adjusted frequently 
to that needed to keep contractions at a minimum while 
still keeping the maternal pulse under 110 bpm. The 
patient was treated a second time with intravenous rito- 
drine as necessary. Patients with labor but with clinical 
infection or fetal distress were not given ritodrine. Ad- 
ditionally, patients reaching the end of week 31 were 
no longer eligible for tocolysis. Those who had been 
started on intravenous or oral administration of rito- 
drine and were still receiving either were discontinued 
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Table I. Prerandomization characteristics of 


study groups 
Tocolysis Expectant 
group group p 


N 39 40 
Maternal age (mean) 26.4 28.9 NS 
Parity 
0 19 15 NS 
=] 20 25 NS 
Contractions on admission 
Regular 4 l NS 
Irregular 13 12 NS 
None 22 27 NS 
Gestational age on 27.9 213 NS 


admission (wk) 
Duration of ROM on admission 


<12 hr 3] 28 
12-24 hr 4 5 
24-48 hr 2 2 
>48 hr 2 5 NS 
Underwent amnio- 9 3 NS 
centesis 
Digital cervical ex- 2 5 NS 
aminations before 
labor 
Temperature on admission 
<98.7° F 24 23 NS 
98.7°-99.9° F 15 17 NS 
GBS on cervical ] 3 NS 
culture 
Baseline FHR on admission 
<140 bpm 13 9 
140-150 bpm 1& 22 
>150 bpm & 9 NS 


ROM = Rupture of membranes; GBS = group B Strepto- 
coccus; FHR = fetal heart rate; NS = not significant. 


at that point. After 31 weeks of gestation, patients were 
managed expectantly only as in the first group. No 
corticosteroids were used in either group; patients who 
had received corticosteroids before transfer were ex- 
cluded from randomization. 

Whenever possible, ultrasound-directed amniocen- 
tesis was performed for Gram stain and culture of am- 
niotic fluid as soon as possible after admission. Patients 
with successful amniocentesis and Gram stain positive 
for bacteria were excluded from the study. However, 
patients did not require amniocentesis to be eligible. In 
general, patients not in labor were kept on continuous 
fetal heart rate monitoring for at least 24 hours and if 
stable were then transferred to the antepartum unit 
and kept in the hospital until delivery. On the ante- 
partum unit they were monitored with frequent tem- 
perature readings and daily prolonged (1 hour) non- 
stress tests. Patients with abnormal or concerning non- 
stress tests were transferred back to labor and delivery 
for continuous fetal heart rate monitoring. 

The route of delivery for both groups was deter- 
mined by means of the same criteria. All breech pre- 
sentations were delivered by cesarean section. When 
induction of labor was necessary or spontaneous labor 
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Table II. Time interval of PROM to delivery 
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Received 
TG tocolysis EG p 


N 39 

Mean (days) 11.5 
>24 hr 35 (88%) 
>48 hr 30 (77%) 
>] wk 12 (31%) 


Reached 32 wk 8 (21%) 


TG = Tocolytic group; EG = expectant group. 


Table III. Reasons for delivery 


Tocolysis group 


Labor/failed tocolysis 12 
Infection (with or without labor) 14 
Labor/reached 32 wk 8 
Advanced labor 4 
Labor/refused further tocolysis l 
Expectant group 
Labor (with or without infection) 32 
Antepartum fetal distress 4 
Induced becaúse of infection 3 
Significant maternal vaginal bleeding l 


occurred, cesarean section was performed for the usual 
obstetric indications. The presence of chorioamnionitis 
did not significantly alter indications for cesarean sec- 
tion or the duration of labor allowed. Prophylactic an- 
tibiotics were used on all patients delivered by cesarean 
section after cord clamping but in no patient who was 
delivered vaginally. 

All maternal patient data were coded prospectively. 
Neonatal data were coded after neonatal discharge. 
The diagnosis of respiratory distress syndrome (RDS) 
was made only when clinical signs and chest x-ray films 
were confirmatory and the newborn infant required at 
least 24 hours of oxygen therapy. 

Analysis of data was performed by means of x’ and 
two-tailed ¢ tests. i 


Results 


The study was conducted between January 1983 and 
September 1986. Seventy-nine patients were random- 
ized; 39 to the tocolysis group and 40 to the expectant 
management group. Comparison of the prerandomi- 
zation characteristics of both groups (Table I) would 
suggest that the two groups were well matched. In ad- 
dition, there was no significant difference in the num- 
ber of patients undergoing amniocentesis (nine of 39 
in the tocolysis group vs 3 of 40 in the expectant group, 
xX = 2.6; not significant) or in the sex of the babies 
delivered (20 males/19 females in the tocolytic group 
vs 20 males/20 females in the expectant group) between 
the two groups. 

Of the 39 patients randomized to receive tocolysis, 


40 
6.1 12.0 NS 
20 (87%) 6 (90%) NS 
15 (65%) 30 (75%) NS 
6 (26%) 13 (33%) NS 
3 (13%) 6 (15%) NS 


23 actually did receive ritodrine when contractions be- 
gan. Of the 16 randomized to receive the drug but who 
did not, seven were ineligible because of clinical cho- 
rioamnionitis, five had gone beyond 31 weeks of ges- 
tation at the onset of labor, three had advanced cervical 
dilation at the time the drug was to be started, and 
one was infected and the fetus had no heart activity 
(stillborn). 

The interval between the rupture of membranes and 
delivery in the two groups is compared in Table II. In 
addition, the subgroup of patients who actually re- 
ceived tocolytic therapy is separated for comparison. 
Both mean and intervallic data fail to show any pro- 
longation of pregnancy with the addition of ritodrine 
to the more standard expectant management at the 
onset of labor. In addition, eight of 40 (20%) in the 
tocolytic group vs six of 40 (15%) in the expectant 
group (difference, not significant) reached 32 weeks of 
gestation, which in essence was the goal or point beyond 
which management in the two groups became similar. 
The causes and/or indications for delivery in both 
groups are listed in Table III. 

Of the 23 patients who did receive ritodrine, 10 were 
delivered in <24 hours from the onset of therapy, six 
between 24 and 48 hours, one between 2 and 3 days, 
and six were delivered after the third day from the 
initiation of tocolytic therapy (4, 5, 6, 8, I1, and 23 
days). There were no serious complications directly at- 
tributable to the ritodrine therapy in these patients, 
although one patient declined to be treated again after 
one full course when labor recurred because of side 
effects experienced with the first course. 

Evaluation of maternal outcome in both groups does 
not reveal any striking dissimilarities. The cesarean sec- 
tion rate was similar between the two groups (18 of 39 
[46%] in the tocolytic group vs 12 of 40 [30%] in the 
expectant group, xX? = 1.55; not significant). The ce- 
sarean section rate was also similar in those patients 
who actually received ritodrine (eight of 23 [35%]). The 
incidence of chorioamnionitis was 14 of 39 (35%) in 
the tocolytic group vs seven of 40 (18%) in the expectant 
group; this difference was not statistically significantly 
different (x? = 2.54, p = 0.12). The incidence of cho- 
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Table IV. Neonatal outcome 
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Tocolytte | Expectant 
group group — p 


N i 39 40 
Mean birth weight (gm) 1387 1340 NS 
Gestational age at delivery (wk) 29.5 28.9 NS 
RDS 20 (51%) 23 (58%) NS 
Sepsis 1 (3%) 2 (5%) NS 
IVH, grades 3 and 4 3 (8%) 2 (5%) NS 
Low Apgar scores (<7 at 5 min) 7 (18%) 2 (5%) NS 
Hospital stay (days)* 
Mean 47.5 57.0 NS 
>30 20 (60%) 26 (68%) NS 
>60 10 (30%) 12 (31%) NS 
Range 2-134 2-210 


RDS = Respiratory distress syndrome; IVH = intraventricular hemorrhage. 
*Includes only babies discharged home alive (tocolytic group = 33, expectant group = 38). 


ft = 1.89, p = 0.08. 


rioamnionitis in those patients who actually received 
tocolysis was eight of 23 (30%). The occurrence of post- 
partum endomyometritis was also similar, with 10 of 
39 (26%) in the tocolytic group and six of 40 (15%) in 
the expectant group but three of 23 (13%) in patients 
who received ritodrine. The incidence of prolonged 
postpartum stay (>3 days in vaginally delivered and 
>6 days for patients who had cesarean sections) was 
virtually identical between the two (three of 39 [8%] in 
the tocolytic group vs three of 40 [8%] in the expectant 
group). 

Comparisons of neonatal outcome are found in Ta- 
ble IV. It can be seen that the birth weights, gestational 
ages at delivery, low frequencies of 5-minute Apgar 
scores, and incidences of significant neonatal compli- 
cations are quite similar between the two groups. Al- 
though the mean hospital stays are numerically dissim- 
ilar between the two groups, this is not a normal curve, 
and the incidences of prolonged stays (>30 and >60 
days) are quite similar. There were eight perinatal 
deaths among the 79 total patients in the study (101 of 
1000). Two occurred in the expectant group (5%), in- 
chiding one stillbirth. There were six deaths in the to- 
colytic group (15%), also with one stillbirth. However, 
only twe deaths (9%), both neonatal, occurred in the 
group that actually received tocolysis. The causes of 
death are listed in Table V. | 


Comment 


Because prematurity is the leading cause of perinatal 
mortality in patients with PROM, and since recent 
studies * have suggested increased maternal safety in 
those patients not delivered immediately after PROM, 
most authors’ have recently recommended various 
management schemes that are chiefly aimed at pro- 
longing pregnancy. The addition of tocolytic therapy 


Table V. Causes of perinatal deaths 





Tocolytic group 6) 


Severe respiratory distress syndrome 4* 

Trisomy, 21/endocardial cushion defect I 

Sepsis—group B Streptococcus (stillbirth) l 
Expectant group (2) 

Necrotizing enterocolitis l 

Asphyxia/abruptio placentae (stillbirth) l 


*Possible sepsis (1); possible pulmonary hypoplasia (1). 


to help achieve these goals in such patients is an obvious 
alternative. = 

In the past, tocolytic agents were said to be contrain- 
dicated in patients with PROM? because of presumed 
lack of efficacy and concern about aggravating infec- 
tious morbidity. Although there are indeed theoretical 
reasons to believe that both of these concerns may be 
valid, there have been few investigative data on which 
to corroborate or refute them. 

Most of the current information refers to the relative 
effectiveness of tocolytic agents in patients with PROM 
compared with patients with premature labor with in- 
tact membranes. Caritis et al. used terbutaline and 
were able to gain a week or more in only 14% of patients 
with ruptured membranes as opposed to 59% of pa- 
tients with unruptured membranes. Elliott® evaluated 
magnesium sulfate as a tocolytic agent and showed that 
78% of patients with intact membranes were still un- 
delivered after 48 hours as opposed to only 5% whose 
membranes were ruptured. In a collaborative study 
Curet et al.’ were able to shaw a reduction of over 50% 
in the rate of RDS in patients with premature labor 
who are given ritodrine, but in patients with PROM 
similarly treated there was no difference between 
treated patients and controls in the incidence of RDS. 
Christensen et al. have published a small randomized 
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clinical trial in patients in preterm labor with PROM, 
comparing ritodrine therapy with placebo. The only 
difference shown was a prolongation of pregnancy be- 
yond 24 hours in the tocolytic group, but beyond 48 
hours no difference was shown. There was no improve- 
ment seen in outcome for any newborn. However, there 
was no apparent increase in the rate of infectious com- 
plications in either mothers or neonates. 

In designing this randomized clinical study, the ques- 
tion that we asked was whether the. planned addition 
of a tocolytic agent at the onset of labor was of any 
benefit in terms of prolonging pregnancy and/or im- 
proving neonatal outcome as compared with expectant 
management alone. Because it .is probably true that 
tocolysis with PROM cannot be expected to be as ef- 
fective as with preterm labor with intact membranes, 
we chose to study only those patients with very early 
gestational ages for whom any prolongation of preg- 
nancy would be expected to result in the greatest benefit 
to the newborn. Goldenberg et al.” have suggested that 
between the gestational ages of 25 and 30 weeks, im- 
provements in survival of 0.9% to 3% | per day and 6% 
to 21% per week could be expected. 

The results of this clinical trial do not suggest that 
there is any benefit to adding tocolysis to expectant 
management either in terms of prolonging the interval 
between PROM and delivery or in reducing morbidity 
from prematurity or perinatal mortality. As seen in 
Table II, there is a striking similarity in the time inter- 
vals between PROM and delivery for the two groups 
both in terms of mean days gained and in the intervallic 
data. In terms of the overall goal, that 1s, to reach 32 
weeks of gestation, since that was the time when man- 
agement became similar in the two groups, no differ- 
ence was seen. 

With respect to neonatal outcome, virtually all pa- 
rameters evaluated were similar between the two 
groups. This is true for birth weights and gestational 
ages at delivery and for morbidity of prematurity and 
the duration of neonatal hospital stay. It would be ex- 
pected that any neonatal benefit from prolonging preg- 
nancy with tocolysis in these patients would be shown 
in these outcome parameters, and none were seen. 

It is tempting to try to compare the 23 patients who 
actually received ritodrine with a similar group of pa- 
tients from the expectant management group. How- 
ever, one cannot validly extract from the expectant 
group which patients should be compared and at what 
point in time the onset of labor for these patients should 
be defined, since no attempt was made prospectively to 
identify them. Valid comparisons should not be made 
between this group that actually received tocolysis and 
the overall expectant group, since the latter includes 
patients who went beyond 32 weeks of gestation, in- 
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fected patients, and those who were in advanced labor 
when their labors were first discovered. Therefore one 
cannot conclude from this study that tocolysis in la- 
boring patients with PROM shows no apparent benefit 
over no tocolysis, as was suggested in the study by Chris- 
tensen et al.? Rather, what was shown was that the ad- 
dition of planned tocolysis to expéctant management 
did not demonstrate any apparent benefit over expec- 
tant management alone. 

One additional point that this study illustrates is not 
only lack of apparent efficacy but limited applicability, 
since only 23 of 39 (59%) patients randomized to re- 
ceive ritodrine actually did so. Most frequently this was 
because of infection or advanced labor at the time that 
diagnosis of labor was made. The impact of this con- 
sideration is important, since even if limited efficacy 
could be shown with tocolysis in patients with PROM 
in larger studies, the fact would remain that the overall 
impact would be limited by lack of complete applica- 
bility. This problem has also been identified in a 
mature labor in general. 

Although this study does not demonstrate any ap- 
parent benefit from tocolysis, it does not suggest any 
deleterious effect from such treatment in patients with 
PROM. There was no increase in the incidence of any 
infectious complication. Though there is a numerical 
trend toward more chorioamnionitis in the tocolytic 
group, this trend was not limited to those patients who 
actually received tocolysis, for whom the incidence was 
actually less (seven of 23 [30%}) than in the overall 
tocolytic group (14 of 39 [35%]). However, it is possible 
that a larger study might demonstrate such deleterious 
effects. Additionally, there were no other apparent 
harmful maternal or neonatal effects. | 

Perhaps the reason that no benefit was shown with 
the addition of tocolytic therapy in this study is that 
once labor has been estabished in patients with PROM 
it is already too late. Perhaps earlier detection of con- 
tractions and earlier institution of therapy might im- 
prove efficacy. One choice might be frequent contrac- 
tion monitoring with a device such as that described by 
Katz et al.,’° the “ambulatory tokodynamometer.” Al- 
ternatively or additionally, prophylactic oral agents 
might be of benefit as shown by Levy and Warsof,"' who 
showed in a prospective randomized study that oral 
ritodrine given to patients not in labor with PROM 
substantially prolonged pregnancy over control pa- 
tients; however, although babies were slightly larger in 
the treatment group, no other improvement in neo- 
natal outcome was shown. _ 

Although current studies may show that short-term 
gains such as 24 or 48 hours may be accomplished with 
intravenous therapy once labor is started, there is a 
question of whether there are any benefits to be derived 
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from such short delays. The benefit of corticosteroids 
given to the mother to reduce neonatal RDS is at best 
questionable in patients with PROM and may increase 
the risk of infection.’ Delaying delivery 24 to 48 hours 
alone in the presence of PROM has been suggested to 
lower the chances of RDS, but again these effects are 
controversial.” | 

In conclusion, although this study is limited by rel- 
atively small numbers, it was condicted in those ges- 
tational ages during which prolongation of pregnancy 
might have been expected to produce the greatest ben- 
efit in neonatal outcome. Nevertheless, no benefit could 
be démonstrated with the addition of a proved effective 
tocolytic agent after the onset of labor over expectant 
management alone in the patient with PROM in the 
very premature gestational period. Some form of ex- 
pectant management with careful attention to avoiding 
complications from infection and asphyxia remains the 
management of choice for providing the best outcome 
in patients with PROM. It appears that tocolysis at the 
onset of labor will do little to improve on this form of 
management although further studies certainly should 
be done to confirm or refute this conclusion. 
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Detection of Chlamydia trachomatis cervical infection: A 
comparison of Papanicolaou and immunoflucrescent staining 


with cell culture 


Thomas C. Quinn, M. D., Prabodh K. cupis M. D., Ronáld T. Burknian, M.D., 
Elizabeth W. Kappus, B.S., Marguerite Barbacci; B.S.N., M.P.H., and 


Michael R. Spence, M. D., M.P.H. 
Bethesda, Maryland 


We compared tissue culture with Papanicolaou-stained cervical smears, endocervical cytologic smears 
stained with immunofluorescent monoclonal antibody, and a direct immunofluorescent stain of cervical 
specimens (MicroTrak) for detection of Chlamydia trachomatis in cervical specimens. Fifty-one (21%) of 
245 women had positive cultures for C. trachomatis, 14 (27%) of whom had clinical evidence of cervicitis. 
With the criteria of intracytoplasmic coccoid inclusion bodies within metaplastic cells, 45 (34%) of 130 
Papanicolaou smears were read as suggestive for C. trachomatis. Seventeen of the 45 positive 
Papanicolaou smears were positive on culture and 28 were negative (sensitivity 54%, specificity 71%). In 
contrast, 48 of 51 women with positive cultures and one woman with a negative cu iture had positive 
immunofluorescent-stained cytologic smears (sensitivity 94%, specificity 99%, with positive predictive value 
of 98%). Similarly, 47 of 51 women with positive cultures also had positive results with MicroTrak direct 
immunofluorescent stain, with only one positive specimen in 196 women with negative cultures (sensitivity 
92%, specificity 99%, with positive predictive value of 98%). This study demonstrates that 
immunofluorescent staining of cervical specimens or of cytologic smears is a more sensitive and specific 
method than routine Papanicolaou smear for detection of chlamydia infection in a high-prevalence 


population. (AM J OssteT GYNECOL. 1987;157:394-9.) 


Key words: Chlamydia trachomatis, Papanicolaou smear, Cervicitis, immunofluorescent staining 


Chlamydia trachomatis is ptesently the most fre- 
quent sexually transmitted bacterial pathogen in the 
United States. It is associdted with a wide variety of 
genital and ocular infections including mucopurulent 
cervicitis, endometritis, salpingitis, urethritis, epididy- 
mitis, proctitis, neonatal and adult inclusion conjunc- 
tivitis, trachoma, and pneumonia of newborn infants 
and immunosuppressed adults:' Despite the wide va- 
riety of clinical syndromes and associated morbidity, 
screening for chlamydia infections is still not widely 
performed by physicians in the United States. The stan- 
dard method for screening for chlamydia is in vitro 
tissue culture of specimens. Cultures, however, are not 
widely available, are costly, demand strict transport re- 
quirements, and take approximately 5 days before re- 
sults are made available to the physician. More recently, 
several new diagnostic assays for chlamydia were li- 
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censed in the United States. These include a direct 
immunofluorescent monoclonal antibody stain and 
enzyme-linked immunoabsorbent assays that detect 
chlamydial antigen in the cervical and urethral secre- 
tions. Previous studies ‘have denionstrated that these 
assays are rapid, inexpensive, and relatively sensitive 
and specific compared with culture." 

An alternative method of detection of chlamydial in- 
fection has been by cytologic identification on routine 
Papanicolaou smears. Gupta et al.’ suggested that chla- 
mydia could te diagnosed on routine Papanicolaou 
smears by the identification of intracytoplasmic coccoid 
inclusion bodies in enlarged metaplastic cells. More re- 
cently, Shafer et al.«’ demonstrated that increased 
riumbers of histiocytes, polymorphonuclear leukocytes, 
and transformed lymphocytes were significantly asso- 
ciated with chlamydia infection. Using these criteria, 
Kiviat et al.” suggested a two-step method by which 
cytologic Papanicolaou smears suspicious for chlamydia 
could be used for the selection of patients for confir- 
matory testing.’ 

Although there has been controversy regarding the 
reliability of some of these criteria for the diagnosis of 
chlamydia,” ° certainly a sensitive and specific test that 
includes use of routine cytologic smears for the detec- 
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tion of chlamydia would be advantageous for screening 
of women, since approximately 25 million women un- 
dergo cytologic screening annually in the United States. 
We therefore undertook a study to compare several of 
these diagnostic methods for the detection of cervical 
chlamydial infection. 


Material and methods 


Study population. Patients were prospectively en- 
rolled from three clinics at The Johns Hopkins Hospital 
and the Baltimore City Sexually Transmitted Diseases 
(STD) Clinic. The study group consisted of 204 (85%) 
pregnant women admitted for an abortion procedure, 
22 (9%) evaluated at the STD clinic, and 19 (6%) at- 
tending the obstetrics-gynecology clinic for routine ex- 
amination. Patients who had received antibiotics in the 
month prior to enrollment were excluded from the 
study. 

Patient examination. Information concerning de- 
mography, menstrual history, contraceptive methods, 
sexual history, and history of sexually transmitted dis- 
eases was obtained from all women. All patients un- 
derwent a physical and pelvic examination. Informa- 
tion regarding the type of vaginal discharge, the color 
of cervical secretions as viewed on a cotton-tipped 
swab,” the presence or absence of cervical friability and 
bleeding, the presence of cervical ectopy, and the pres- 
ence of erythema or edema in the area of ectopy was 
recorded. Patients were diagnosed as having cervicitis 
if cervical friability, hypertrophic ectopy, and a muco- 
purulent cervical discharge were present.” 

Collection of specimens. Specimens obtained from 
each patient included a cervical smear for cytologic ex- 
amination (Papanicolaou smear), a cervical smear for 
immunofluorescent staining, an endocervical swab for 
isolation of Neisseria gonorrhoeae, and an endocervical 
swab for direct immunofluorescent staining (Micro- 
Trak, Syva Corp., Palo Alto, California) and tissue cul- 
ture isolation of C. trachomatis. Specimens for each test 
were collected according to computer-generated ran- 
dom order. 

Cultures for N. gonorrhoeae were obtained by insert- 
ing a wooden shaft, cotton-tipped swab into the en- 
docervical canal, rotating for 15 seconds, and imme- 
diately inoculating it onto Thayer-Martin media, fol- 
lowed by incubation and identification by standard 
methods.” 

Specimens for isolation and detection of C. trachomatis 
by tissue culture assay and direct immunofluorescent 
staining were obtained with a Dacron polyester fiber— 
tipped plastic swab (American Scientific Products, 
McGaw Park, Illinois), which was then rolled onto a 
circular area 8 mm in diameter of a microscope slide 
(MicroTrak) and placed in 1.5 ml of 0.2 mmol/L 
sucrose-phosphate—buffered transport media. The 
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slides were air-dried and fixed in 2 ml of water-free 
acetone. Culture samples and slides were transported 
to the laboratory and frozen at — 70° C for 24 hours. 

Laboratory procedures. Tissue culture isolation of 
C. trachomatis was carried out in 96-well microtiter plates 
on McCoy cell monolayers as previously described." 
After incubation for 72 hours at 35° C, two wells were 
stained with 30 ul of fluorescein-conjugated mono- 
clonal antibody (Syva Corp.). The remaining two wells 
were disrupted and passaged onto fresh McCoy cell 
monolayers for another 72 hours. Culture monolayers 
were examined for characteristic inclusions at x 100 
magnification on a Zeiss fluorescence microscope. The 
presence of one inclusion was considered positive for 
C. trachomatis. 

MicroTrak slides were stained with 30 pl of 
fluorescein-conjugated moncclonal antibody against 
C. trachomatis (Syva Corp.). After an incubation of 15 
minutes at room temperature, the slides were rinsed in 
distilled water, air dried, and scanned at x 630 mag- 
nification on a Zeiss fluorescent microscope. Typical 
elementary ‘bodies appear as well-defined, sharply 
edged disks of apple green fluorescence.’ The presence 
of five or more elementary bodies was the criterion used 
for positive identification. 

Endocervical scrapings for immunofluorescent de- 
tection of C. trachomatis were removed from fixative, 
rinsed in phosphate-buffered saline, and stained with 
100 ul of fluorescein-conjugated monoclonal antibody 
to C. trachomatis (Syva Corp.). A coverslip was applied 
to each slide to ensure even coverage of the antibody 
and the slides were incubated for 30 minutes at room 
temperature in a humidified atmosphere. The slides 
were rinsed in distilled water, allowed to air dry, and 
covered with a 22 x 50 mm coverslip and mounting 
fluid. The entire slide was then scanned at x 630 mag- 
nification on a Zeiss fluorescent microscope. The pres- 
ence of #10 elementary bodies per slide was the cri- 
terion used for positive identification of C. trachomatis 
on cytologic smears because of the larger surface area 
of the slide to be examined in contrast to the 8 mm 
diameter area of a MicroTrak slide. 

Cytologic methods. A duplicate cervicovaginal smear 
was sent to the cytopathology laboratory and stained 
with a modified Papanicolaou stain. All cytologic slide 
evaluations were conducted by one person (P. K. G.) 
and a special form was used for each case. The presence 
or absence of endocervical cells, metaplastic cells, and 
blood was noted. The presence of each type of inflam- 
matory cell (polymorphonuclear leukocytes, lympho- 
cytes, plasma cells, and histiocytes) was quantified and 
the epithelial cytologic findings were described in de- 
tail. Assessment for C. trachomatis infection was first 
performed with previously published criteria, includ- 
ing metaplastic cell morphologic features, the finding 
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Table I. Demographic and clinical signs of infection in a population in relationship to chlamydia 


culture results 


C. trachomatis culture resudi 


Patient characteristic 


No. of patients 51 2] 194 79 245 
Age (yr) 
Mean 18.6 (p < 0.0001)* 22.4 21.8 
Range 13-30 12-39 12-39 - 
Ethnic origin 
Black 45 88 148 76 193 79 
White i 5 10 46 24 51 21 
Other l 2 0 0 l 01 
Marital status 
Unmarried 49 96 177 91 226 92 
Married 2 4 17 9 19 8 
Evidence of cervicitis¢ 14 27 (p < 0.007}+ 22 ll 36 15 
Cervical friability 36 71 (p < 0.01) 98 51 134 55 
Cervical ectopy 31 61 (p < 0.02)+ 7 39 107 44 
Mucopurulent cervical discharge 20 31 (p < 0.002}7 34 18 54 22 


*Student’s ¢ test. 
ty? analysis. 


tCervicitis was defined as the presence of all three criteria—cervical friability, cervical ectopy, and a mucopurulent cervical 


discharge. 


of intracytoplasmic coccoid inclusion bodies in meta- 
plastic cells, and multinucleation and intracytoplasmic 
vacuolation of these cells. Cytologic slides were then 
reanalyzed for chlamydia according to criteria recently 
described by Kiviat et al.’ Chlamydia infection was sus- 
pected by these criteria if there were 230 histiocytes in 
at least three fields, if transformed lymphocytes were 
present, or if there were increased numbers of leuko- 
cytes and plasma cells. 

MicroTrak smears, immunofluorescent cervical 
smears, and cervical Papanicolaou smears were read 
independently by three investigators that were blinded 
to the.other laboratory results or clinical information. 

Statistical analyses. Differences in proportions were 
tested for significance by x? analysis and means were 
compared by use of Student’s ¢ test. Univariate and 
multiple logistic regression analyses were used to de- 
termine associations between clinical signs of infection, 
epithelial cell changes, and presence or absence of cer- 
vical pathogens. 


Results 


Isolation of C. trachomatis by tissue culture assay. 
Fifty-one (21%) of the 245 women enrolled in the study 
had positive cervical cultures for C. trachomatis. Women 
infected with chlamydia were significantly younger, 
with a mean age of 18.6 years, than chlamydia-negative 
women, who had a mean age of 22.4 years (p < 0.0001; 
Table I). There were no significant differences noted 
in racial or marital status, which were predominantly 


black (79%) and unmarried (92%), respectively (Ta- 
ble I). 

Fourteen (27%) of the 51 chlamydia-positive women 
had cervicitis on examination compared with 22 (11%) 
of 194 women with negative cultures (p < 0.007; Ta- 
ble I). In univariate analysis of the clinical variables of 
cervicitis, the presence of a mucopurulent cervical dis- 
charge (p < 0.002), cervical ectopy (p < 0.02), and cer- 
vical friability (p < 0.01) was associated with chlamydial 
infection (Table I). 

Evaluation of cytologic screening by Papanicolaou 
smears for C. trachomatis infection. The reliability of 
Papanicolaou smear diagnosis of chlamydial infections 
compared with in vitro culture was examined by means 
of standard cytologic criteria.’ Of the 245 specimens 
obtained, 115 were classified as inadequate because of 
insufficient endocervical components (95 specimens), 
excessive inflammation with cellular obscuring (23), ex- 
cessive cytolysis (4), and heavy fresh or old blood (15). 
Of the remaining 130 specimens, 45 (35%) were inter- 
preted as positive for C. trachomatis. Of 28 women with 
positive cultures and evaluable cytologic smears, 15 had 
Papanicolaou smears interpreted as positive for C. tra- 
chomatis and 13 had smears interpreted as negative 
(Table II). Of the 102 women with negative cultures 
and evaluable cytologic smears, 30 had Papanicolaou 
smears interpreted as positive and 72 had smears in- 
terpreted as negative (Table II). Thus, in this relatively 
high-prevalence population for C. trachomatis infection, 
an evaluable cytologic Papanicolaou smear had a sen- 
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Table II. Comparison of culture for C. trachomatis with evaluable cytologic Papanicolaou smears according 


C. trachomatis culture result 


to standard and modified criteria 


Standard cytology—Papanicolaou smear* 

Positive (n) 

Negative (n) 

Sensitivity (%) 

Specificity (%) 

Positive predictive value (%) 

Negative predictive value (%) 
Modified cytology—Papanicolaou smeart 

Positive (n) 

Negative (n) 

Sensitivity (%) 

Specificity (%) 

Positive predictive value (%) 

Negative predictive value (%) 


15 30 45 
13 72 85 


16 30 46 
35 164 199 


*Only 130 slides were evaluable by standard cytologic criteria for C. trachomatis screening. 
+The modified cytologic criteria incorporate the finding of inflammatory cells for detection of C. trachomatis. A total of 245 


slides were evaluable by this method. 


sitivity of 54%, a specificity of 71%, a positive predictive 
value of 33%, and a negative predictive value of 85% 
when compared with culture. 

In a reanalysis of cytologic diagnosis for C. tracho- 
matis, all Papanicolaou smears were screened according 
to criteria described by Kiviat et al.’ Slides with in- 
creased histiocytes, leukocytes, plasma cells, and/or 
transformed lymphocytes were interpreted as positive 
for C, trachomatis. Of 51 women with positive cultures, 
16 had Papanicolaou smears interpreted as positive for 
chlamydia. Of the 194 women with negative cultures, 
164 had negative Papanicolaou smears for chlamydia. 
Thus, with these modified criteria of Kiviat et al.,? the 
Papanicolaou smear had a sensitivity of 31%, a speci- 
ficity of 84%, a positive predictive value of 35%, and a 
negative predictive value of 82%. 

Univariate analysis of Papanicolaou smear findings 
and detection of C. trachomatis by culture showed that 
only the presence of polymorphonuclear leukocytes 
significantly correlated with a positive chlamydia cul- 
ture (Table III). The presence of metaplastic cells, his- 
tiocytes, plasma cells, or lymphocytes did not correlate 
significantly with culture results. In addition, the pres- 
ence of Trichomonas vaginalis in Papanicolaou smears of 
12 (43%) of 28 patients with positive cultures versus 17 
(17%) of 102 patients with negative cultures (p < 0.007) 


correlated with positive culture results for C. tracho- 


matis. 

Evaluation of direct immunofluorescence, stain- 
ing of cytologic smears, and cervical specimens 
(MicroTrak). Cytologic smears were analyzed for 
C. trachomatis infection after staining with fluorescein- 
conjugated monoclonal antibody against C. trachomatis. 
All 245 duplicate cytologic smears were evaluated, and 


Table III. Correlation of cytologic findings on 
Papanicolaou smears with C. trachomatis 
culture results 


Cytologic finding p Value 

Squamous metaplastic cells 

Cytovacuoles 0.08 0.77 

Cytogranules 0.34 0.56 

Cytoinclusions 0.37 0.54 
Inflammatory cells 

Plasma cells (>0) 0.24 0.62 

Histiocytes (#1 +) 0.35 0.56 

Lymphocytes (>0) 0.96 0.33 


Polymorphonuclear leukocytes (23+) 5.07 0.02 


no slides were interpreted as inadequate. Forty-eight 
(94%) of 51 patients with positive cultures had positive 
immunofiuorescent-cytologic smears and 193 (99%) 
of 194 women with negative cultures had negative 
smears (Table IV). The sensitivity and specificity of 
immunofluorescent-cytologic smears were 94% and 
99%, respectively. The positive and negative predictive 
values were each 98%. 

Staining with monoclonal antibody occasionally iden- 
tified chlamydia inclusions on cytologic smears. Of 
the 48 Papanicolaou smears that were read as posi- 
tive for chlamydia only nine had inclusions present 
on immunofluorescent-stained cytologic smears. Thus 
36 culture-negative and immunofluorescent-negative 
smears were falsely interpreted as showing chlamydia 
inclusions on Papanicolaou-stained smears. 

MicroTrak direct immunofluorescent staining of en- 
docervical smears was also compared with chlamydia 
cultures. Forty-seven (92%) of 51 women with positive 
cultures had positive smears and 193 of 194 women 
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Table IV. Comparison of direct immunofluorescent staining of cytologic smears and endocervical 


specimens by MicroTrak 


Staining 


Immunofluorescent stain of cytologic smears 
Positive (n) 
Negative (n) 
Sensitivity (%) 
Specificity (%) 
Positive predictive value (%) 
Negative predictive value (%) 


Immunofluorescent stain of cervical specimens (MicroTrak) 


Positive (n) 

Negative (n) 

Sensitivity (%) 

Specificity (%) 

Positive predictive value (%) 
Negative predictive value (%) 


with negative cultures had negative smears (Table IV). 
Thus, in this population, the MicroTrak direct im- 
munofluorescent smear had a sensitivity and a speci- 
ficity of 92% and 99%, with positive and negative pre- 
dictive values of 98% and 98%, respectively. 


Comment 


This study compared four different methods cur- 
rently recommended for screening of C. trachomatis in- 
fection in women: culture, Papanicolaou smear, direct 
immunofiuorescent staining of cytologic smears, and 
direct immunofluorescent staining of a cervical smear 
(MicroTrak). Detection of chlamydia has become in- 
creasingly important because of its high prevalence in 
our population (5 to 10 million infected people), its 
high frequency of asymptomatic infections, and its as- 
sociated morbidity. Chlamydial infections during preg- 
nancy are a significant problem since they have been 
associated with prematurity, increased fetal wastage, 
postpartum and postabortal endometritis, and neonatal 
infections, such as conjunctivitis, pneumonia, and pos- 
sibly otitis media.'' However, screening of C. trachomatis 
in pregnant women is rarely performed. We therefore 
undertook this comparative study of diagnostic assays 
predominantly in women who were in the first trimester 
of pregnancy and some nonpregnant women from 
other clinics. 

The population sampled had a relatively high infec- 
tion rate of 21%, not uncommon for young, sexually 
active, inner-city black women.’ Although young age 
and evidence of cervicitis correlated with chlamydia 
infection (Table I), the majority of chlamydia-infected 
women were asymptomatic. While the presence of a 
mucopurulent cervical discharge in a young, sexually 
active woman was highly suggestive of chlamydia in- 
fection,” its absence did not rule out the diagnosis. 


C. trachomatis culture result 


48 l 49 
3 193 196 


4 193 197 


The use of the Papanicolaou smear has been rec- 
ommended for use in chlamydia screening for the last 
decade, but the reliability of this test for the detec- 
tion of chlamydia has been controversial. Naib” orig- 
inally described chlamydia-induced changes noted in 
Papanicolaou-stained smears of newborn infants with 
neonatal conjunctivitis and from their mothers. Gupta 
et al further described the cytologic findings of chla- 
mydia cervicitis. Multinucleated, metaplastic cells with 
intracytoplasmic vacuoles or coccobacillary bodies on 
Papanicolaou smears became the standard criteria for 
diagnosis of chlamydia cervical infection. However, sev- 
eral subsequent studies demonstrated that this method 
was relatively insensitive for the detection of chla- 
mydia.” 10, 16 

In this study, nearly half of the Papanicolaou smears 
could not be evaluated because of relatively strict cri- 
teria. For those that could be evaluated, the Papani- 
colacu smear had a sensitivity of 54%, a specificity of 
71%, and positive and negative predictive values of 33% 
and 85%, respectively. Although chlamydia inclusions 
were suspected in 45, specimens, only 15 were culture 
positive, of which only nine had inclusions demonstra- 
ble by immunofluorescent staining. Thus cytologic di- 
agnosis of chlamydia infection on Papanicolaou smear 
in predominantly pregnant women was insensitive. 

More recently, several studies have demonstrated 
that nonspecific inflammatory cellular atypias were sig- 
nificantly associated with C. trachomatis infection.®* In 
a study of 148 sexually active adolescents, Shafer et al.’ 
found that 23 (15.5%) were infected with C. trachomatis. 
In multiple logistic regression analysis only inflamma- 
tory changes and lymphocytes correlated with chla- 
mydia infection. In a subsequent study of 265 women 
with an incidence of 29%, Kiviat et al.® found that chla- 
mydia infection was associated with the presence of 
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metaplastic cells, transformed lymphocytes, and in- 
creased histiocytes. These criteria for the detection of 
chlamydia had a sensitivity of 95%, a specificity of 75%, 
and a positive predictive value of 50%. Because of the 
high sensitivity of these criteria they suggested a two- 
step approach by which patients with a first Papani- 
colaou smear that was suspicious for C. trachomatis in- 
fection would have a second cytologic smear stained 
with monoclonal antibody to C. trachomatis. This two- 
step approach resulted in a sensitivity of 76%, a spec- 
ificity of 100%, and a positive predictive value of 100%.° 

By adopting the cytologic criteria of Kiviat et al.,® we 
found a relatively low sensitivity rate of 31%, a speci- 
ficity rate of 84%, a positive predictive value of 35%, 
and a negative predictive value of 82% for Papanico- 
laou srnear diagnosis. By univariate and multivariate 
logistic regression, we found that only the presence of 
increased polymorphonuclear leukocytes correlated 
with chlamydia isolation. Differences in patient popu- 
lations may partially explain these differences since 
Kiviat et al excluded pregnant women and had a 
greater number of women with cervicitis. It may be that 
ectopy of pregriaricy may alter the cytologic diagnosis 
of chlamydia, and further studies are warranted in non- 
pregnant women. 

Our data support the finding that immunofluores- 
cent staining of cytologic smears or of cervical speci- 
mens (MicroTrak) is highly effective in screening for 
C. trachomatis. Both tests have very high sensitivities and 
specificities when compared with culture (Table IV). 
Indeed in one case immunofluorescent staining may 
have detected a true positive specimen that was negative 
by culture. Positive and negative predictive values in 
high-prevalence populations have been 98% for both 
tests, but subsequent studies will have to determine 
what these values are for low-prevalence populations 
where the level of detectable antigen may be lower. 

Routine immunofluotescent staining of cytologic 
smears should not be recommended, however, since the 
reading of these smears is much more labor intensive 
than immunofluorescent staining of cervical smears as 
in the MicroTrak assay. In this latter test, microscopic 
examination is limited to an area of the slide 8 mm in 
diameter, whereas in cytologic smears a greater area of 
the slide must be examined. Deficiencies ascribed to 
these tests include the dependency on technician pro- 
ficiency in discriminating elementary bodies of chla- 
mydia from artifacts and the potential for detecting 
antigen in successfully treated patients. Further studies 
are warranted for the evaluation of these tests in dif- 
ferent patient populations. 

In summary, our data suggest that routine screening 
of all high-risk individuals for chlamydia infection 
should be performed, particularly since the majority of 
our infected patients were asymptomatic, and that im- 
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munofluorescent staining of cervical smears (Micro- 
Trak) and immunofluorescent staining of cytologic 
smears are sensitive and specific assays for the detection 
of C. trachomatis. 


We tharik Dr. Barbara Judson for providing mono- 
clonal antibody and for computer analysis of data. 
We thank Rhonda Reese for preparation of the 
manuscript. 
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Genetic heterogeneity of prematurity and intrauterine growth 


retardation: Clues from the Old Order Amish 


Muin J. Khoury, M.D., Ph.D., and Bernice H. Colien, Ph.D., M.P.H. 
Baltumore, Maryland 


We studied differences i in the. role of genetic factors in prematurity and intrauterine growth retardation with 
the use of data on 312 Amish singleton live children ascertained from Amish records in Lancaster county, 
Pennsylvania, between 1969 and 1980. Birth ànd death certificates were obtained on ali children, and 
inbreeding coefficients of child, mother, and father were computed by use of the path method of tracing 
common ancestors in a unique genealogic registry of Amish ancestors dating back to che 1700s. 
Multivariate analysis with linear and log linear models showed that a lower mean gestational age and a 
higher risk of prematurity (<37 weeks) and borderline maturity (37 to 38 weeks) were significantly 
associated with increased maternal inbreeding but not child or paternal inbreeding. On the other hand, a 
higher risk of intrauterine growth retardation (less than the tenth percentile in birth weight for gestational 
age) and mild intrauterine growth delay (tenth to twenty-fifth percentile) were associated with increased 
child inbreeding but not maternal or paternal inbreeding. The analysis suggests the presence of genetic 
heterogeneity in the etiology of prematurity and intrauterine growth retardation; while prematurity is mostly 
related to the maternal genotype, intrauterine growth retardation is related to the fetal genotype. The study 
reemphasizes the need for separating low birth weight into prematurity and intrauterine growth retardation 


in genetic and epidemiologic studies. (AM J OssTET GYNECOL 1987;157:400-10.) 


Key words: Genetics, inbreeding, intrauterine growth retardation, Old Order Amish, 


prematurity 


Low birth weight (<2500 gm) has long been recog- 
nized as an important predictor of infant mortality and 
childhood morbidity’ and has been the focus of many 
epidemiologic studies’ that have attempted to charac- 
terize its risk profiles in order to devise prevention 
strategies.» However, studies of the causes of low 
birth weight have infrequently examined the two’ com- 
ponents of low birth weight: prematurity (gestational 
age <37 weeks) and intrauterine growth retardation 
(IUGR, low birth weight for gestational age). Although 
the two entities have different morbidity and mortality 
patterns as well as different pathophysiologic and epi- 
demiologic characteristics,“ * only recently have obser- 
vational and intervention studies begun to measure dif- 
ferences in risk factor associations between prematurity 
and IUGR Among these risk profiles, however, dif- 
férences in genetic factors have rarely been explored. 
Although birth weight is known to be correlated among 
siblings,’ orily a few studies have examined whether 
such relationships are due to correlations in length of 
gestation or intrauterine growth or both.’ This may be 
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partly due to the lack of uniform definition of IUGR® 
as well as to the high degree of correlation between 
IUGR and prematurity.’ 

In this study, we use data from a unique popu lation, 
the Old Order Amish, to describe the differential im- 
pact of child and parental inbreeding on the length of 
gestation and intrauterine growth. Our analysis sug- 
gests the existence of autosomal recessive genes af- 
fecting prematurity and IUGR. Moreover, the study 
suggests that, while prematurity is associated primarily 
with the maternal genotype, IUGR is associated with 
the fetal genotype. 


Methods 


The study population. The Old Order Amish is a 
religious isolate that has attracted the interest of re- 
searchers in many fields including sociology, genetics, 
epidemiology, and demography." This interest stems 
from the unique characteristics of the Amish that fa- 
cilitate inferences concerning the role of genetic factors 
in disease. Such characteristics include their reproduc- 
tive isolation, close inbreeding, farming way of life, ho- 
mogeneous sociocultural patterns, high standards of 
living, and large family size.” In addition, the Amish 
have kept extensive family and genealogic records dat- 
ing back to the time of pioneer migrants in the 1700s." 

This study is part of a case-control investigation of 
the impact of inbreeding on prereproductive mortality 
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in the Old Order Amish of Lancaster County, Penn- 
sylvania.' Cases included all offspring who died at less 
than 20 years of age between 1969 and. 1980 in the 
Lancaster County community. These were ascertained 
via multiple sources’ including: (1) the Diary, which is 
an Amish monthly publication that publishes lists of 
births, deaths, and marriages among the Old Order 
Amish; (2) a 1980 Amish population directory, which 
is a complete population and family census of Lancaster 
County Amish; (3) death certificates obtained from the 
Pennsylvania State Health Department. On the other 
hand, controls included live children randomly selected 
from an annual listing .of births published in the Diary 
as well as children listed in the 1980 directory. Controls 
were frequency matched to cases by year of birth and 
were alive as of December 31, 1980. In this analysis, 
only live-born singleton cases and controls were used 
and three groups were created: (1) Group 1 consisted 
of children who were still alive as of December 31, 1980 
(live children). (2) Group 2 consisted of children who 
died during childhood (deaths between age 1 and 20 
years, child deaths). As shown previously,” more than 
two thirds of these deaths were due to accidents. (3) 
Group 3 consisted of offspring who died before reach- 
ing age l year (infant deaths). As shown previously, the 
most common cause of death in this group was pre- 
maturity followed by congenital malformations." For 
all children, information was abstracted from birth cer- 
uificates obtained from the Pennsylvania State Health 
Department on birth variables including last menstrual 
period, parental ages, maternal parity, birth weight, 
gestational age, prenatal or delivery complications, and 
recorded congenital malformations. Information was 
abstracted from death records on causes of death. 


Methods of analysis 

Outcome variables. The length of gestation was com- 
puted by use of information on last menstrual period 
and birth date (number of completed weeks past last 
menstrual period). For about 13% of birth certificates, 
gestational age information could not be derived, and 
these children had to be excluded from the analysis. 
The length of gestation was analyzed as a continuous 
variable (mean gestational age in weeks) and also cat- 
egorized into (1) preterm delivery (<36 weeks), (2) bor- 
derline maturity (37 to 38 weeks), and (3) term (238 
weeks). No instances of postterm delivery (>42 weeks) 
were recorded. Intrauterine growth was dnalyzed with 
birth weight used as a continuous variable as obtained 
on birth certificates (<2% of certificates had a missing 
birth weight). However, as birth weight is highly asso- 
ciated with gestational age, the distribution of birth 
weight by gestational age was used. Intrauterine growth 
was categorized into (1) IUGR, defined as a birth weight 
less than the tenth percentile for gestational age on the 
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basis of sex- and gestational age-specific birth weight 
distribution of the total singleton births in the U.S. 
white population’; (2) mild growth delay (if birth 
weight for gestational age was between the tenth and 
twenty-fifth percentiles); (3) no growth delay (greater 
than the twenty-fifth percentile). In order to compute 
the intrauterine growth variable, information on ges- 
tational agé had to be known. In the final analysis, only 
certificates with reported birth weight and gestational 
age were included (group 1, 183/208; group 2, 69/93; 
and group 3, 60/65). 

Computation of inbreeding coefficients. The inbreeding 
coefficient of an individual represents the probability 
that the individual carries at an autosomal genetic locus 
two alleles that are identical by descent." Inbreeding 
increases the frequency of recessive genotypes in the 
individual, which may be unrecognized in the hetero- 
zygous state but become deleterious in the homozygous 
state. Significant inbreeding effects on the incidence of 
a trait or disease indicate the presence of one or more 
autosomal recessive genes affecting the condition." In 
this study, the inbreeding coefficients (F) of child, 
mother, and father were calculated by linking individ- 
tals with the computerized Amish genealogic registry" 
by means of unique family genealogic numbers. The 
registry is a complete ancestral history of present-day 
Amish of Lancaster County. It contains information on 
8163 family entries with 42,465 offspring spanning 
more than 200 years and dating back to the pioneer 
migrants in the 1700s." Inbreeding coefficients were 
calculated by use of the path method of identifying 
common ancestors as described elsewhere.’ 

Analysis of inbreeding effects.. The effects of the in- 
breeding coefficients F of child, mother, and father on 
the length of gestation and the rate of intrauterine 
growth were studied. Analyses were conducted within 
each of the three groups. Inbreeding coefficients were 
used as continuous variables as well as categorized into 
four levels of increasing inbreeding: (1) F < 1/256 (far- 
ther than level of third cousins), (2) 1/128 > F = 1/256 
(corresponding to inbreeding between third cousin and 
second cousin once removed), (3) 1/64 > F = 1/128 
(corresponding to inbreeding between second cousin 
once removed and second cousin), and (4) F = 1/64 
(corresponding to inbreeding closer than second cou- 
sin). Because first-cousin marriages are prohibited by 
religion, no direct first-cousin marriages are seen in this 
study population. It is to be noted that no child had an 
inbreeding coefficient equal to 0, which indicates the 
extent of close inbreeding in the Amish. Also only one 
mother’s and three fathers’ coefficients were equal 
to 0. 

Univariate analyses included evaluation of the sep- 
arate effects of child’s, mother’s, and father’s F on mean 
gestational age and birth weight with the use of analysis 


402 Khoury and Cohen August 1987 
Am] Obstet Gynecol 


Table I. Birth weight/gestational age and inbreeding characteristics of the three į groups in the 
Amish study 



















Group 1: 
Live children 
(N = 183) | 


Group 2 
Child deaths 
(N = 60) 


Group 3: 
Infant deaths 
(N = 69) 





Gestational age (wk) (mean + SE) 39.6 + 0.09 39.5 + 0.19 36.1 + 0.61% 


<37 wk 
% 1.6 6.7 40.6 
’ No. 3 4 28 
37-38 wk 
% 10.4. 10.0 11.6 
No. 19 6 8 
Birth weight (gm) (mean + SE) 3515 + 32 3500 + 68 2554 + 120* 
<10th percentile l 
% 0.55 3.3 11.67 
No. ] l. 8. 
<25th percentile 
Bh | 3.8 8.3 15.9 
No. i 5 lI 
Child inbreedingt (mean + SE) 114.2 + 6.2 132.0 + 13.9 151.1 + 13.4* 
Mother inbreeding} (mean + SE) POTENS 3T E32 132.9 + 10.0 
Father inbreeding} (mean + SE) 192.8 + 6.5 118.0 + 13.7 114.6 + 9.6 





*p < 0.05 when compared with group | (¢ test). 
tp < 0.05 when compared with group I (x? test). 
tinbreeding coefficients are multiplied by 10,000. 


Table II. Mean gestational age and percent of children <37 weeks’ and 37 to 38 weeks’ gestation by child 
inbreeding level and group 


Child inbreeding level 


F= 1/64 164 > F >= 11128 11128 > F > 11256 F < 1/256 


Group |: Live children (N = 183) 
N 42 67 47 27 


Gestational age* (mean + SE) 39.10 + 0.25 39.70 = 0.11 39.79 + 0.15 39.93 + 0.18 
<37 wkt 

% 7.1 0 0 0 

No. 3 0 0 i 0 
37-38 wkt 

% 11.9 11.9 8.5 7.4 
‘No ` . 5 8 i 4 2 

Group 2: Child deaths (>1 yr) (N = 60) 

N : 18 18 16 8 
Gestational age (wk) (mean + SE) 39.06 + 0.40 39.56 = 0.25 9,62 + 0.44 40.25 + 0.16 
<37 wk ; 

% l ifi 0 12.5 0 

No. 2 0 2 0 
37-38 wk : 

% Pal 16.7 62 0 

No. | 2 3 ] 0 

Group 3: Infant deaths (<1 yr) (N = 69) 

N ee 18 13 1] 
Gestational age (wk) (mean + SE) 37.81 + 0.57 35.90 + 1.4 35.54 + 1.8 34.18 + 1.6 
<37 wkt 

% 29.6 50.0 38.5 54.6 

No. ‘8 9 5 6 
37-38 wkt 

% 14.8 0 Tal 27.3 

No. 4 4) l 3 


tp < 0.05 (simple linear regression of gestational age on inbreeding). 
10.05 < p < 0.10, x? for trend (both groups combined). 
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Table III. Mean gestational age and percent of children <37 weeks’ and 37 to 38 weeks’ gestation by 


mother inbreeding level and group 


Mother inbreéding level 


F > 1164- 1/64 > F = 1/128 1/128 > F = 1/256 F < 1/256 


Group 1: Live children (N = 183) 
N 


53 

Gestational age* (wk) (mean + SE) 39.32 + 0.2] 
<37 wk7 

% 5.7 

No. 3 
37-38 wkt 

% 15.1 

No. 8 

Group 2: Child deaths (>1 yr) (N = 60) 

N 13 
Gestational age* (wk) (mean + SE) 38.92 + 0.42 
<37 wk 

% 15.4 

No. 2 
37 to 38 wk 

% 15.4 

No. 2 

Group 3: Infant deaths (<1 yr) (N = 69) 

N 24 
Gestational age (wk) (mean + SE) 36.67 + 1.07 
<37 wk 

% 29.2 — 

No. 7 
37-38 wk 

% 12.5 

No. 3 


60 48 22 
39.65 + 0.12 39.67 + 0.14 40.14 + 0.19 
0 0 0 
6 0 0 
8.3 10.4 4.6 
5 5 l 
27 12 8 
39.59 + 0.22 39.50 = 0.58 40.25 + 0.41 
Fl 8.3 0 
l ] 0 
7.4 8.3 12.5 
2 ] l 

22 20 3 
36.77 + 0.80 34.80 + 1.35 34.67 + 3.53 
40.9 50.0 66.4 
9: 10 2 
13.6 10.0 0 
3 2 0 


*p < 0.05 (simple linear regression of gestational age on mother F). 


tp < 0.05, x’ for trend (both groups combined). 


of variance (to compare the four inbreeding levels) and 
simple linear regression (when F is used as a continuous 
measure). The incidences of prematurity and IUGR 
were compared between the four levels of inbreeding 
and x” for trend was used to test for statistical signifi- 
cance of trends. However, because the levels of in- 
breeding of child, mother, and father may be correlated 
and other prenatal and birth-related factors may act as 
confounders, we used multivariate analysis to study the 
independent effects of child’s, mother’s, and father’s F 
on mean gestational age (multiple linear regression) 
and the incidences of IUGR and prematurity (multiple 
logistic regression). Other factors considered in the 
multivariate analyses included sex, maternal and pa- 
ternal ages, year of birth, birth order, sibship size, his- 
tory of previous siblings who died in infancy, and fa- 
ther’s occupation (farmer versus nonfarmer). ` 
Finally, because prematurity and IUGR tend to be 
correlated, we used the log linear model,'* which can 
incorporate both outcomes in the analysis and can ex- 
amine the relationship of inbreeding among child, 
mother, and father with each of these outcomes after 
they are adjusted for one another and the relationship 


between the two outcomes. The log linear model is a 
useful technique to analyze the relationship among 
cross-classified data and is described ìn detail by Fien- 
berg.'* Essentially, the model fits a linear combination 
of parameters to derive an expected number of indi- 
viduals in each cell. Parameters are estimated by use of 


- the maximum likelihood procedure and can be inter- 


preted in terms of odds ratios (similar to logistic regres- 
sion). However, one main advantage over logistic 
regression is the ability to derive independent relation- 
ships among all variables in the model, including one 
or more dependent variables. Its disadvantage over the 
usual logistic model is that all variables have to be cat- 
egorical. _ 


Results 


Characteristics of the three groups in the study. 
Table I shows birth weight and gestational age char- 
acteristics and inbreeding patterns of children in the 
three study groups. Generally, infant deaths (group 3) 
had a lower mean birth weight and gestational age and 
an increased frequency of IUGR when compared 
with children in the other two groups. However, few 
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Table IV. Mean gestational age and percent of children <37 weeks’ and 37 to 38 weeks’ gestation by 


father inbreeding level and group 


Father inbreeding level 


F 2 1/64 1/64>F 2 1/123 | 1/128 > F = 1/256 F < 1/256 


Group 1: Live children (N = 183) 


N 53 
Gestational age (wk) (mean + SE) 39.72 + 0.15 
<37 wk 

% 1.9 

No. l 
37-38 wk 

% 3.8 

No. 2 

Group 2: Children deaths (>1 yr) (N = 60) 

N 15 
Gestational age (wk) (mean + SE) 39.73 + 0.40 
<37 wk 

% 6.7 

No. ] 
37-38 wk 

Jo 6.7 

No. l l 

Group 3: Infant deaths (<1 yr) (N = 69) 

N 18 
Gestational age (wk) (mean + SE) 36.78 + 1.12 
<37 wk 

% 33°35 

No. 6 
37-38 wk 

% 16.7 

No. 3 


children were born before 37 weeks (only three in 
group l and four in group 2). Likewise, very few chil- 
dren had IUGR (<tenth percentile) (only one in 


group I and one in group 2). Therefore our ability to’ 


detect statistical significance in these outcomes 1s limited 
by the small number of affected children. With respect 
to inbreeding characteristics, group 3 has a higher 
mean child inbreeding coefficient than group L, which 
is consistent with earlier findings that inbreeding is a 
risk factor for infant mortality, The higher child F in 
group 2 than in group 1 is not statistically significant. 
_ Also both mean mother F and mean father F do not 
show significant differences among the three groups. 

Unadjusted inbreeding effects on the length of ges- 
tation 

Child inbreeding. Table II shows the unadjusted effects 
of child inbreeding levels on mean gestational age and 
the incidence of premature birth. In both groups 1 
and 2, it can be seen that with increasing child inbreed- 
ing levels, there is a progressive decline in mean ges- 
tational age (a difference of almost 1 week between the 
two extremes) and an increase in the frequency of chil- 
dren born at <37 weeks’ gestation and at 37 to 38 weeks’ 
gestation (combined). However, trends in both groups 
were of borderline statistical significance (0.05 < p < 
0.10). However, in group 3 (infant deaths), inbreeding 


56 48 26 
39.61 + 0.15 39.38 + 0.21 39.88 + 0.16 
1.8 2.) 0 
] ] 0 
14.3 16.7 3.9 
8. 8 l 
17 18 10 
39.29 + 0.44 39.44 + 0,29 39.70 + 0.33 
11.8 5.6 0 
2 ] 0 
5.9 11.1 20.0 
i 2 2 
22 21. 8 
35.41 + 0.93 55.90 + 1.30 36.75 + 2.03 
50.0 38.] 37.5 
l 8 3 
13.6 9.5 0 
3 2 0 


is not associated with a reduction of mean gestational 
age. On the contrary. there is a suggestion of an op- 
posite trend. 

Maternal inbreeding. Table HI shows the unadjusted 
effects of mother inbreeding levels on mean gestational 
age and the incidence of premature birth. Again, one 
notes in group | that with increasing maternal inbreed- 
ing levels, there is a progressive decline in mean ges- 
tational age and an increase in the frequency of chil- 
dren born at <37 weeks’ gestation and at 37 to 38 weeks’ 
gestation (combined). Findings in group 2 are generally 
consistent with those from group | and are statistically 
significant in the analysis of mean gestational age. How- 
ever, in group 3 (infant deaths), inbreeding is not as- 
sociated with a reduction of mean gestational age, again 
with a suggestion of an opposite trend (not significant). 

Paternal inbreeding. Table IV shows the unadjusted 
effects of paternal inbreeding levels on mean gesta- 
tional age and the incidence of premature birth. In all 
three groups, no significant effects of father’s inbreed- 
ing coefficients can be seen. 

Unadjusted inbreeding effects on intrauterine 
growth 

Child inbreeding. Table V shows the unadjusted effects 
of child inbreeding levels on mean birth weight and 
the incidence of IUGR (Jess than tenth percentile) and 
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Table V. Mean birth weight and percent of children less than or equal to the tenth and twenty-fifth 
percentiles in weight for gestational age by child inbreeding level and group 


Group 1: Live children (N = 183) 


Child inbreeding level 

N 42 67 47 27 
Birth weight (gm) (mean + SE) 3410 + 85 3516 + 53 3561 + 47 3595 + 78 
<10th percentile 

% 2.4 Q 0 0 

No. l 0 0 0 
<25th percentile 

% 7.1 3.0 2.) 3l 

No. 3 2 ] | 

Group 2: Child deaths (>1 yr) (N = 60) 

N 18 18 16 8 
Birth weight (gm) (mean + SE) 3431 + 138 3573 + 116 3423 + 152 3643 + 100 
<10th percentile 

% Fli 0 0 0 

No. 2 0 ] 0 
<25th percentile 

P% 16.7 5.6 6.2 0 

No. 3 l ] 

Group 3: Infant deaths (<1 yr) (N = 69) 

N 27 18 13 I] 
Birth weight (gm) (mean + SE) 2738 + 133 2494 + 276 2428 = 319 2353 + 362 
<10th percentile 

% S 0 23.1] 18.2 

No. 8 0 3 2 
<25th percentile 

% Fil 11] 23.1 27.3 

No. 3 2 3 3 


mild growth delay (tenth to twenty-fifth percentile). It 
can be noted that in both groups | and 2 there is a 
lower mean birth weight and higher frequency of chil- 
dren born with IUGR (less than tenth percentile) and 
mild growth delay (tenth to twenty-fifth percentile) 
among those with a high level of mbreeding (F 2 
1/64) (0.05 < p < 0.10). Most of the difference, how- 
ever, can be accounted by the mild growth delay group 
as there were very few children who were below the 
tenth percentile. In group 3, no child inbreeding effects 
can be seen. 

Maternal inbreeding. Table VI shows the unadjusted 
effects of maternal inbreeding levels on mean birth 
weight and the incidence of IUGR (less than tenth per- 
centile} and mild growth delay (tenth to twenty-fifth 
percentile). It can be noted that in both groups 1 
and 2 there is a tendency for lower mean birth weight 
at high inbreeding levels (F 2 1/64) but no difference 
in the frequency of children born at less than the 
twenty-fifth percentile at different inbreeding levels. 

Paternal inbreeding. Table VII shows the unadjusted 
effects of paternal inbreeding levels on mean birth 
weight and the incidence of IUGR (less than tenth per- 
centile) and mild growth delay (tenth to twenty-fifth 
percentile). No significant paternal inbreeding effects 
can be seen. 


Multivariate analysis of inbreeding effects 

Length of gestation. Table VIII shows the results of 
multiple linear regression analysis on mean gestational 
age and multiple logistic regression on the frequency 
of deliveries at =38 weeks. In this table, groups l 
and 2 are combined. However, similar results are ob- 
tained when they are analyzed separately. After si- 
multaneous adjustment of child, mother, and father 
inbreeding coefficients as well as potential confounding 
factors (Table VIII), mother’s F was found to be a 
strong predictor of both mean gestational age and the 
frequency of delivery at <38 weeks (p < 0.001). Pre- 
dicted mean gestational ages vary from 39.9 weeks for 
F = 0 (no inbreeding) to 38.3 weeks for F = 1/16 (first 
cousins). Likewise, the predicted proportion of children 
born at <38 weeks varies from 6% for F = 0 to 70.1% 
for F = 1/16. However, despite these strong maternal 
inbreeding effects, it has to be noted the mother’s F 
accounts for about 10% of the variance in gestational 
age, which suggests that other unknown factors are 
operating in predicting the length of gestation, On the 
other hand, child’s F was found to be an independent 
predictor of mean gestational age (p = 0.01) but not 
the proportion of infants born at =38 weeks (p = 
0.311) (Table VIII). The proportion of the variance in 
gestational age accounted for by the child’s F was <5%. 
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Table VI. Mean birth weight and percent of children less than or equal to the tenth and twenty-fifth 
percentiles in weight for gestational age by mother inbreeding level and group 


F = 1/64 1164 > F 2 1/128 1/i28 > F = 11256 


Group |: Live children (N = 183) 
N 


53 

Birth weight (gm) (mean + SE) 3474 + 68 
<10th percentile 

% 1.9 

No. ] 
<25th percentile 

% 3.8 

No. 2 

Group 2: Child deaths (>1 yr) (N = 60) 

N 13 
Birth weight* (gm) (mean + SE) 3234 + 147 
<10th percentile 

%o 7.7 

No. l 
<25th percentile 

% del 

No. ] 

Group 3: Infant deaths (<1 yr) (N = 69) 

N 24 
Birth weight (gm) (mean + SE) 2691 + 213 
<10th percentile , 

% 12.5 

No. 3 
<25th percentile 

% 12.5 

No. 3 


Mother inbreeding level 


F< 1/256 

60 48 22 
3517 = 50 3532 + 59 3570 + 105 

0) 0 0 

0 0 0 

3.3 6.3 0 

2 3 0 

27 12 8 
360L + 80 3426 + 185 3700 + 215 

0 8.3 0 

l | 0 

3,7 8.3 25.0 

l ] 2 

99 20 3 
2678 + 180 2247 + 239 2604 + 735 

9.] 15.0 0 

2 3 0 

9.) 30.0 0 

2 6 0 


#5 <0.05 (simple linear regression of birth weight on mother F). 


Therefore, although child inbreeding could be an in- 
dependent predictor of the length of gestation, our 
results are equivocal and cannot be confirmed in both 
types of analyses. Last, not shown in Table VIII is that 
paternal inbreeding exerted no independent effects on 
mean gestational age and the risk of early delivery (<38 
weeks). 

Intraulerine growth. Table IX shows results of multiple 
logistic regression analysis on the incidence of intra- 
uterine growth delay (less than twenty-fifth percentile) 
in groups l and 2 combined. However, similar results 
are obtained when they are analyzed separately. After 
simultaneous adjustment of child, mother, and father 
inbreeding coefficients as well as potential confounding 
factors (Table IX), only child’s F was found to be an 
independent predictor for the risk of being below the 
twenty-fifth percentile. 

Simultaneous analysis of IUGR and prematurity. Fig. 1 
shows the results of the log linear analysis of length of 
gestation (<38 weeks as outcome) and intrauterine 
growth (less than twenty-fifth percentile as outcome) in 
relation to child, maternal, and paternal inbreeding 
(21/64) in groups 1 and 2 combined. Values in Fig. 1 
correspond to adjusted odds ratios relating different 


variables. Solid lines correspond to relationships that are 
statistically significant at the 0.05 level. This analysis 
indicates that: (1) child inbreeding is associated with a 
3.02-fold increase in the risk of being born below the 
twenty-fifth percentile in weight for gestational age, (2) 
maternal inbreeding is associated with a 2.77-fold in- 
crease in the risk of being born at <38 weeks, (3) pa- 
ternal inbreeding is not a risk factor for either out- 
comes, (4) there is an association between short gesta- 
tion and intrauterine growth delay (odds ratio = 3.48), 
and (5) maternal inbreeding is associated with child 
inbreeding (odds ratio = 1.90). It is to be noted that 
the above relationships were not changed by introduc- 
ing other variables in the model (considered in Ta- 
bles VIII and IX). Also, although child inbreeding was 
associated with a 1.65-fold increase in the risk of short 
gestation, this increase was not statistically significant. 


Comment 


This study suggests the presence of autosomal re- 
cessive genes affecting the length of gestation and in- 
trauterine growth in the Old Order Amish. The main 
finding of the study, however, is the differential impact 
of the genetic component on prematurity and IUGR. 
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Table VII. Mean birth weight and percent of anaren less than or Saal to the tenth and twenty-fifth 
percentiles in weight for gestational age by father inbreeding level and. group 


Father inbreeding level 


F21/64 | 1/64>F 1/128 1/128 > F = 11256 F < }/256 


Group 1: Live children (N = 182) 
N 6 48 26 


53 5 

Birth weight (gm) (mean + SE) 3623 + 55 3444 + 52 3381 + 65 3695 + 95 
<lûth percentile , 

% 0 1.8 0 0 

No. 0 ] 0 0 
<25th percentile l 

F. 1.9 7.1 2.1 3.8 

No. | I 4 l l 

Group 2: Child deaths (>1 yr) (N = 60) ; 

N | | 15 ae 18 10 
Birth weight (gm) (mean + SE) 3428 + 128 3452 + 160 3630 + 91 3455 + 184 
<10th percentile 

Yo 0 11.8 Q 0 

No. l 2 C 0 
<25th percentile | . 

% 7.7 11.8 5.6 10.0 

No. | } 2 l I 

Group 3: Infant deaths (<1 yr) (N = 69) 

N. 18 22 . 21 8 
Birth weight (gm) (mean + SE) 2678 + 206 2496 + 198 2519 + 247 2518 + 436 
<1)th percentile 

J 5.6 4.6 14.3 37.5 

No. I I 3 3 
<25th percentile | 

% 11.1 4.6 25.8 37.5 

No. Z a >l 5 3 


Table VIII. Multivariate analysis of the effects of child and mother inbreeding on mean gestational age 
and the proportion of infants <38 weeks’ gestation (groups I and 2 combined) 


Mean gestational age (wk) <38 wk (%) 


95%. Confidence . 95% Confidence 
Level of inbreeding. Predicted* . limits Predicted} l limits 


Child inbreeding? . 
F=0 39.86 Reference 9.3 Reference 


= 1/256 39.77 30.68-39.85 10.0 8.7-11.5 
F = 1/128 39.68 39.54-39.82 19.8 8.1-14.2 
F = 1/64 39.51 39.24-39.78 2.4 7.1-20.9 
F = 1/32 39.16 38.62-39.70 16.4 5,.3-40.5 
F= 1/16 38.46 37.37-39.54 27.1 3.0-81.8 

Mother inbreedingt | 

F=0 39.93 Reference 6.0 Reference 
F = 1/256 39.82 39.76-39.88 | 7.4 6.5-8.3 
F = 1/128 39.72 39.60-39.84 9.1 6.1-11.5 
F = 1/64 39.51 39.27-39.75 13.5 8.5-20.8 
F = 1/32 39.09 38.61-39.58 r 27.9 12.1-52.1 
F= 1/16 o. 38.26 . 37.30-39.22 c WO). 22,.8-94.9 


“Predicted 1 means were obtained by use of multiple linear regressiori analysis with gestational age as dependent variable. 
Independent variables included child, mother, and father inbreeding coefficiefits (coritinuous), maternal and paternal ages, birth 
order, year of birth, father’s occupation, sibship history of death, total rumber of PEs sex, and growth retardation (less than 
or equal to the twenty-fifth percentile). . 


Predicted , percents were obtained by use of multiple logistic regression analysis with binary outcomes <38 weeks’ versus 
>38 weeks’ gestation. The independent variables are the same ones used in multiple lienar regressions. 


Child inbreeding effect: p = 0.01 on mean gestational age and p = 0.311 (NS) on percent <38 weeks. Mother inbreeding 
effect: p < 0.001 on mean gestational age and p < 0.001 on percent <38 weeks. 
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Fig. 1. Log linear analysis of the effects of child, mother, and father inbreeding on gestational age 
and intrauterine growth. Inbreeding variables were categorized into close inbreeding (=> 1/64) versus 
distant inbreeding (<1/64). Short gestation defined as <38 weeks. Intrauterine growth delay defined 
as less than the twenty-fifth percentile in birth weight for gestational age. Numbers represent adjusted 
odds ratios relating each two variables. Solid lines represent relationships that are significant at the 
0.05 level, whereas dotted lines represent nonsignificant relationships. 


Table IX. Multivariate analysis of the effects 
of child and mother inbreeding on percent 
of children less than the twenty-fifth. 
percentile for gestational age (groups 1 

and 2 combined) 





<25th percentile (%) 









95% Confidence 


interval 


Level of inbreeding 
Child inbreeding+ 


F = 2.1 Reference 
F = 1/256 27 2.1-3.2 
F = 1/128 3.3 2.2-4.9 
F = 1/64 5.0 2.2-1 1.0 
F = 1/32 11.4 ?.3-41.6 
F = 1/16 43.5 2.5-95.9 
Mother inbreedingt 
F = 0 3.6 Reference 
F = 1/256 3.8 3.0-4.7 
F = 1/128 3.9 2.5-6.0 
F = 1/64 4.2 1.7-9.9 
F = 1/32 4,9 1.8-24.1 
F = 1/16 6.5 ] .8-72.8 


*Predicted ‘percents less than the twenty-fifth percentile 
were obtained by use of multiple logistic regression analysis 
with a binary outcome (less than twenty-fifth percentile). In- 
dependent variables include child, mother, and father in- 
breeding coefficients (continuous) and other factors consid- 
ered in Table VIII. 


Child inbreeding effect: p = 0.05. Mother inbreeding ef- 
fect: p = 0.745 (NS). 


The data suggest that while the maternal genotype is 
associated with a shorter gestation time (as reflected by 
the maternal inbreeding effect), the fetal genotype is 
associated with retardation in intrauterine growth (as 
reflected in the child inbreeding effect). There is a sug- 
gestion that the fetal genotype may also be associated 
with premature birth. However, this effect is not con- 
sistent in different analyses and should be confirmed 
in other studies. Also, the lack of any child or maternal 
inbreeding effects in group 3 is not entirely surprising 
since infant deaths constitute a highly selected sample 
representing less than 2% of all Amish births.'° In such 
infants, other factors such as congenital malformations 
and pregnancy and labor complications are causally 
associated with both prematurity and IUGR and can 
mask any inbreeding effects. 

The study has several potential limitations. First, 
birth certificates are known to be incomplete in ascer- 
tainment of gestational age. Also, the reliance on last 
menstrual period is subject to maternal recall and may 
introduce errors in computation of gestational age. In 
this study, about 13% of certificates had to be excluded 
because of unknown gestational age information. How- 
ever, this can affect our findings only if there is a bias 
in collecting gestational age data depending on in- 
breeding levels of mother and child. The existence of 
such a bias is highly unlikely given the relative cultural 
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and health care homogeneity of the Old Order Amish. 
Second, because very few infants met the usual criteria 
for prematurity (<37 weeks) and IUGR (less than tenth 
percentile), we had to extend the analysis to include 
outcomes such as borderline maturity (37 to 38 weeks) 
and mild growth delay (tenth to twenty-fifth percen- 
tile). We view this extension as reasonable given the 
consistency of findings between the analysis of mean 
gestational age and the binary variable and also because 
intrauterine growth can be considered as a continuum 
rather than a totally discrete entity. Moreover, John- 
stone and Inglis’ found that familial trends in IUGR 
apply for both the tenth and twenty-fifth percentile 
cutoffs. Third, because the Amish are highly inbred, 
the variation in inbreeding coefficient values is limited. 
For example, no child had an F = 0, and no child was 
an offspring of first-cousin marriage (F = 1/16). How- 
ever, this lack of variation of inbreeding values, if any- 
thing, tends to reduce the statistical power needed to 
detect true differences between groups and lead to 
more conservative findings. Also, a reduction in power 
will be noted when inbreeding coefficients are used as 
categorical variables (F > 1.64 versus <1/64) as re- 
quired by the log linear model. This is not a problem 
in this study since similar results were obtained in linear 
and logistic analvses with F values used as continuous 
or categorical variables. 

The significance of this analysis can be viewed along 
several lines. First, because the Amish have homoge- 
neous characteristics, inbreeding effects are unlikely to 
be confounded by other factors that may be associated 
with both inbreeding and low birth weight and, we 
believe, reflect a true genetic etiology. The lack of ad- 
justment for confounding factors has been a long- 
standing problem in the interpretation of inbreeding 
effects in many studies.'° Since low socioeconomic status 
tends to be associated with inbreeding in various pop- 
ulations, it needs to be adjusted for before effects of 
inbreeding on child morbidity and mortality are inter- 
preted. Such an issue has often been overlooked, es- 
pecially in the early literature on inbreeding. Second, 
this study is one of few that have analyzed the effects 
of parental inbreeding in addition to the child inbreed- 
ing on disease outcomes. Parental inbreeding infor- 
mation is usually not available in most populations be- 
cause it requires knowledge of pedigree structure be- 
yond the parents. However, such data are readily 
available in the Amish multigenerational pedigrees. 
Third, most studies dealing with genetic analysis of 
birth weight and with inbreeding effects on birth weight 
have not examined prematurity and IUGR simulta- 
neously or have relied exclusively on separate analyses 
of birth weight and gestational age. 

How does this analysis compare with other studies of 
inbreeding effects? Generally, no effect of child in- 
breeding on gestational age has been found in several 
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studies (see reference 16). However, analysis of in- 
breeding effects on birth weight has given equivocal 
results. In Japanese live births, Morton’? found that 
child inbreeding had a significant depressing effect on 
birth weight, which was considered a reflection of in- 
trauterine growth. Other studies found no significant 
effect of child inbreeding on birth weight. These equiv- 
ocal findings can be partly attributed to the failure of 
examining the gestational age component of birth 
weight. If inbreeding affects intrauterine growth but 
not the length of gestation, its effect on birth weight 
may be masked by the proportion of premature infants 
among those with low birth weight. Another reason for 
the discrepancies in findings may be related to the ex- 
tent and duration of inbreeding in the population. With 
prolonged and intense inbreeding (for example, in In- 
dia), there may be lowering of equilibrium allele fre- 
quencies for lethal genes,’' thus leading to a smaller 
observed effect of inbreeding on IUGR (which is as- 
sociated with a higher risk of death). On the other hand, 
several analyses of parental inbreeding effects in Japan 
found no significant maternal or paternal inbreeding 
effect on prereproductive mortality or growth and de- 
velopment throughout childhood. However, we are 
not aware of any published parental inbreeding analysis 
of gestational age and intrauterine growth. 

Differences in the role of genetic factors in the etiol- 
ogy of prematurity and IUGR as suggested in this ar- 
ticle are also consistent with several analyses that 
showed a specificity in familial aggregation in prema- 
turity and IUGR. Women who had one infant with 
IUGR seem to be at higher risk of having another with 
IUGR but not with prematurity, while women with a 
premature infant seem to have a higher risk for pre- 
maturity in a subsequent pregnancy but not IUGR (see 
reference '7). However, although these analyses point 
to the persistence of etiologic factors operating in suc- 
cessive pregnancies, they cannot infer whether such 
factors are genetic or environmental in nature. Our 
study shows that the basis for the specificity in familial 
recurrence is due, at least in part, to a differential ge- 
netic component acting on prematurity and IUGR, re- 
spectively. Finally, this study reemphasizes the need to 
consider both prematurity and IUGR in genetic and 
epidemiologic studies of low birth weight. This will lead 
to specific characterization of risk profiles associated 
with one or both entities and ultimately to improved 
prevention strategies. 
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Fetal weight estimation formulas with head, abdominal, femur, 


and thigh circumference measurements 


Aikos M. Vintzileos, M.D., Winston A. Campbell, M.D., John F. Rodis, M.D., 


Roy Bors-Koefoed, M. D., and David J. Nochimson, M.D. 


Färmington, Conneciicul 


Most current sonographic techniques for estimating fetal weight involve measurements of the head, 
abdomen, and femur length both alone and in combination. The value of the fetal thigh circumference 
measurement in addition to the head, abdominal, and femur length measurements has not been 
investigated previously. Eighty-nine patienis were scanned within 72 hours of delivery, and the following 
ultrasonic fetal parameters were obtained in all fetuses: biparietal diameter, head circumference, 
abdominal circumference, femur length, and thigh circumference. With multisie stepwise regression 


analysis, the best- fit formulas were developed with one, two, three, four, and five parameters, respectively. 
The best resúlts were obtained by combining measurements of all five parameters: biparietal diameter, 
head circumference, abdominal circumfefence, femur length, and thigh circumference. The mean error of 
this formula was 6%, the mean deviation 0.3%, and the SD 7.8%. These data suggest that the addition of 
thigh circumference to measurements of the head, abdomen, and femur length menroves the accuracy of 
fetal weight estimates. (Am J OBSTET GYNECOL 1987;157: 410-4. ) 


Key words: Estimated fetal weight, thigh circumference 


~ Initial attempts to estimate fetal weight by ultrasound 
were made on the basis of measurements of individual 
fetal parameters such as the biparietal diameter (BPD)! 
or abdominal circumference.” Weight estimates ob- 
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tained with abdominal circumference alone have been 
reported to have an SD between 11.1% and 11.9%.’ 

Subsequent reports demonstrated that the accuracy of 
estimating fetal weight is improved when multiple fetal 
parameters are used.** The methods that give reason- 
ably accurate results and are the simplest to apply are 
those based on the use of two parameters, namely 
abdominal circumference in combination with the 
BPD** or abdominal circumference in combination 
with the femur length.” ©” Weight estimates obtained 
with the use of two parameters have been reported to 
have an SD between 8.2% and 12.9%. Hadlock etal. 
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reported an improvement in the fetal weight estimates 
within 7.5% (1 SD) of the actual birth weight by com- 
bining measurements of the head (BPD and head cir- 
cumference), abdomen (abdominal circumference), 
and femur (length). The better correlation to the actual 
birth weight with the use of the femur length in ad- 


dition to head and abdominal measurements was at-- 


tributed to the strong linear relationship between fe- 
mur length and crown-heel length. 

Because the fetal weight depends not only on head 
and body dimensions but also on extremity dimensions, 
it is reasonable to investigate the role of thigh circum- 
ference measurement in improving fetal weight esti- 
mates. The range of normal values for fetal thigh cir- 
cumference measurements from 20 to 40 weeks of ges- 
tation has been previously reported by our group.* The 
present study was undertaken to determine whether 
the addition of the thigh circumference to the mea- 
surements of the head, abdomen, and femur length 
could improve the accuracy of in utero fetal weight 
estimates. 


Material and methods 


The study included 89 pregnant women. The ma- 
jority of the patients were transferred to the University 
of Connecticut Health Center because of preterm labor 
or other medical complications of pregnancy (i.e., 
pregnancy-induced hypertension, vaginal bleeding, 
etc.). The included patients had singleton pregnancies, 
and in all cases clinical and ultrasound dating (BPD, 
femur length) were in agreement. The gestational ages 
were confirmed by Dubowitz scores” after birth. All 
patients delivered within 72 hours of the ultrasound 
evaluation. Infants with congenital anomalies were ex- 
cluded. 

The ultrasonic measurements were made with a lin- 
ear array real-time ultrasound (SRT, General Elec- 
tric Medical Systems Group, Milwaukee, Wisconsin) 
equipped with a 3.5 MHz transducer. Ultrasound ve- 
locity was 1540 m/sec. Freeze-frame capability was 
available, and on-screen calibers were used for the mea- 
surements. The included patients had all five param- 
eters measured: BPD, head circumference, abdominal 
circumference, femur length, and thigh circumference. 
The fetal BPD was determined at the level of the thal- 
ami and was measured from leading edge to leading 
edge (outer to inner skull table). The head circum fer- 
ence was determined at the level of the BPD with mea- 
surements from outer to outer margins. The abdominal 
circumference was measured perpendicular to the long 
axis of the fetal body at the level of the umbilical vein— 
ductus venosus complex; measurements were obtained 
from outer to outer border. The femur length was mea- 
sured according to the technique of O’Brien and 
Queenan.” The thigh circumference was measured ac- 
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cording to the technique of Vintzileos et al.* The long 
axis of the femur was first imaged; the transducer was 
then rotated 90 degrees to obtain a cross-sectional pro- 
file of the middle of the thigh at a position that the 
bone profile was as round as possible and the boundary 
of the thigh profile was well defined. All circumferences 
(head, abdomen, thigh) were determined with the for- 
mula D, + D, X 1.57 on the basis of two diameters at 
right angles to one another. This technique has been 
demonstrated to give results equivalent to those ob- 
tained with a map measurer." In the present study we 
chose this method to calculate circumferences because 
the use of diameter measurements and the equation 
for the circumference of a circle has been shown to 
result in a more accurate estimated fetal weight than 
when a map measurer is used.'* All ultrasound mea- 
surements were expressed in centimeters and the birth 
weights in grams. 

As in previous studies,*’ fetal weights were best es- 
timated as a logarithmic function of the ultrasonically 
measured fetal parameters. Polynomial expressions of 
the fetal parameters were considered up to the fourth 
degree. All possible interactions of the fetal parameters 
were considered up to the third degree. The regression 
analyses calculated were polynomial regressions with 
the use of one of the parameters at a time and stepwise 
regressions that considered all five parameters, the 
powers of each parameter, and all interaction terms of 
the five parameters." Results included the best models 
to predict birth weights with one, two, three, four, and 
five fetal parameters. The accuracy of the models was 
examined by the mean residual (predicted birth weight 
minus actual birth weight). the SEM residual, mean 
absolute residual (absolute value of the residuals), the 
SEM absolute residual, and the mean percent error. 
The mean deviation and the SD for each model were 
also determined according to previously described 
techniques.” " In this context the mean deviation is a 
measure of systematic errors and the SD is a measure 
of random errors. 


Results 


The actual birth weights of the 89 newborn infants 
ranged from 570 to 4678 gm (mean, 2328 gm), and 
gestational ages ranged from 24 to 42 weeks (mean, 
34.9 weeks). BPD measurements ranged from 5.8 to 
10.2 cm (mean, 8.2 cm), head circumference measure- 
ments from 21.1 to 35 cm (mean, 30.1 cm), abdominal 
circumference from 18.8 to 38.8 cm (mean, 29.3 cm), 
femur length from 4.0 to 8.5 cm (mean, 6.5 cm), and 
thigh circumference from 7.7 to 18.5 cm (mean, 
13.1 cm). 

The best five models with one, two, three, four, and 
five parameters are shown in Table I. The best model 
with one ultrasonically measured parameter used the 
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Table I. Fetal weight estimation formulas 


Mo 


AC Log BW = 3.046 — 0.18(AC) + 0.015(AC)? — 0.0004(AC)? + 0.000004(AC)! 

AC, BPD Logi, BW = 1.879 + 0.026(AC) + 0.084(BPD) 

HC, FL, AC Logi BW = 2.082 + 0.004(HC x FL) + 0.0018(AC) — 0.00000001509(HG x FL)? 

AC, BPD, FL, TC Log BW = 1.897 + 0.015(AC) — 0.057(BPD) + 0.054(FL) + 0.011(TC) 

HC, FL, AC, BPD, TC  Logm BW = 2.144 + 0.004(HC x FL) + 0.014(AC) — 0.00000001983(HC x FL)’ + 
0.000006(BPD x TC) 


Regression equation* 


Or we OO ND me 


AC = Abdominal circumference; BPD = biparietal diameter; HC = head circumference; FL = femur length; TC = thigh 
circumference; BW = birth weight. 


*Weight in grams and measurements in centimeters. 


Table II. Comparison of fetal weight estimation formulas 


Mean absolute SEM absoiute | Mean percent 
Mean residual SEM residuai residual residual error 





Mean deviation* 





I 0.9404 = 13.95 30.94 216.83 18.90 9.4] 0.6 + 11.4 
2 0.9501 — 2.40 29.31 191.59 19.23 8.20 0.5 + 10.6 
3 0.9633 = 9.29 26.56 167.4] 18.25 6.97 0.3 + 8.8 
4 0.9641 -0.15 235.72 163.26 15.21 7.24 0.3 + 8.9. 
5 0.9716 —6.12 21.97 137.51 14.40 6.00 03+ 7.8 


*Deviation (%) = 


Table III. Comparison of fetal weight 
estimation formulas on the basis of the 
percentage of cases that the prediction is 
within +5% and +10% of the actual weight ` 


Percent within 5% of | Percent within 10% of 
actual weight actual weight 















Model 


] 26.6 60.7 
2 39.5 69.7 
3 42.] 75.0 
4 32.9 76.3 
5 54.0 80.3 


abdominal circumference (model 1); the best model 
with two parameters used a combination of BPD and 
abdominal circumference (model 2); the best model 
with three parameters used a combination of head cir- 
cumference, abdominal circumference, and femur 
length (model 3); the best model with four parameters 
- used a combination of BPD, abdominal circumference, 
femur length, and thigh circumference (model 4); the 
best model with five parameters used a combination of 
BPD, head circumference, abdominal circumference, 
femur length, and thigh circumference (model 5). 

The accuracy of these five models is illustrated in 
Table II. On the basis of the definition of residual, the 
positive residual is indicative of overestimation and a 
negative residual is indicative of underestimation. As 
can be seen in Table II, the best results were obtained 
with model 5 (R*, 0.9716; mean residual, — 6.12; SEM 
residual, 21.97; mean absolute residual, 137.51; SEM 
absolute residual, 14.40; mean error 6%; mean devia- 
tion, 0.3%; and SD, 7.8%). 


_ models 1-5 were —0.5% 


Mean of predicted weight minus actual weight per actual weight times 100. 


The percentage of cases in which the estimated fetal 
weight was within +5% and + 10% of the actual birth 
weight was calculated on the basis of these five models, 
and the results are shown in Table III. Model 5 gave 
the best results predicting the actual weight within 
+5% in 54% of the cases and within + 10% in 80.3% 
of the cases. 

The data were also analyzed according to actual birth 
weight groups. The accuracy of the models according 
to birth weight groups is demonstrated in Table IV. As 
can be seen in the birth weight group of <1500 gm, 
all five models gave a systematic overestimation. The 
mean deviations for models 1-5 were 7.4%, 8.7%, 5%, 
7.2%, and 4.7%, respectively. In the birth weight group 
between 1500 to 2500 gm, all five models gave a sys- 
tematic underestimation. The mean deviations for 
, 74.2%, —1.1%, —3.9%, and 
—1.5%, respectively. For the birth weight group of 
>2500 gm, models 2 and 4 gave a systematic overes- 
timation (mean deviation, 1.4% for both models), and 
models 1, 3, and 5 gave a systematic underestimation 
(mean deviations, ~ 1.6%, —0.3%, and — 0.03%, re- 
spectively). The variability of the weight estimates (SD) 
obtained with model 5 was considerably less than 
that seen with the other models; the SD for weights 
<1500 gm was 8.7%, SD for weights between 1500 and 
2500 gm was 6.4%, and SD for weights >2500 gm was 
8.1%. 

The analysis of the results of the present study was 
conducted in accordance with the format of previous 
investigations'”: '>™ to permit meaningful comparisons. 
As such, fetal gender was not considered as a variable 
in the development of the fetal weight estimation for- 
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Table IV. Comparison of fetal weight estimation formulas according to birth weight groups 


Mean residual 
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S 88.89 88.56 61.98 72.75 56.15 

A — 3.38 — 85.70 — 15.97 — 76.92 — 24.75 

L — 80.43 38.2] — 38.03 42.73 — 18.01 
SEM residual 

S 36.03 35.86 26.98 26.27 26.49 

A 36.89 27.84 26.80 24.53 23.3] 

L 66.48 63.58 59.68 50.12 48.26 
Mean absolute residual 

S 126.45 115.95 91.45 93.18 84.08 

A 170.03 129.78 ‘109.84 127.01 100.44 

L 316.51 293.26 264.88 235.75 202.53 
SEM absolute residual 

S 27.55 29.76 20.13 21.17 20.54 

A 21.39 21.42 18.01 16.16 15.08 

L 34.48 33.57 34.53 25.67 30.43 
Mean percent error 

11.53 11.07 8.2] 9,28 7.65 

A 8.33 6.18 5.41 6.19 4.98 

L 9.46 8.86 79 7.31 6.22 
Mean deviation + SD (%) 

S 7.4 + 13.0 87 ae 122 5.0 + 8.8 7.2 + 9.4 4.7 + 8.7 

A —0.5 + 10.1 —4.2 + 7.0 =LI 7.3 —3.9 + 6.4 -15+ 64 

L ~  — 1.6 + 10.9 14+ 10.3 ~0.3 + 9.6 1.4 + 8.6 —0.03 + 8.1 


S = <1500 gm (26 patients); A = 1500 to 2500 gm (33 patients); L = >2500 gm (30 patients). 


mulas. In addition, the fetal gender may not be known 
before birth in many cases, Because the knowledge of 
fetal gender may improve the accuracy of weight es- 
timates, it would be of interest to investigate its role in 
future studies. 


Comment 


The results of the present study indicate that the 
accuracy of estimating fetal weight by ultrasound is 
improved when multiple fetal parameters are used. 
The best model with one ultrasonically determined pa- 
rameters was with the use of abdominal circumference 
(model 1). This observation is in agreement with the 
findings of others*' who have also demonstrated that 
abdominal circumference is the single best index of 
fetal weight. According to Hadlock et al., differ- 
ent models that use abdominal circumference alone 
have an SD between 11.1% and 11.9%. Our model 
(model 1), which used abdominal circumference alone, 
was also found to have the same variability of the weight 
estimates (SD, 11.4%). According to our data, the best 
model with the use of two ultrasonically determined 
parameters was the one that used the BPD and abdom- 
inal circumference. Models that used BPD and abdom- 
inal circumference have been shown to be reasonably 
accurate and the simplest to apply, since the estimated 
fetal weight is read directly from tables that have been 
prepared with computer assistance.** In the study by 
Hadlock et al.,* models that used head measurements 
(BPD or head circumference) in conjunction with ab- 
dominal circumference had an SD between 8.7% and 


12.9%. Our results with the two best parameters (BPD 
and abdominal circumference, model 2) were similar 
in terms of variability of the weight esumates (SD, 
10.6%). The model used by Hadlock et al.,* which used 
femur length and abdominal circumference, had a SD 
of 8.2%. 

With three parameters (BPD or head circumference 
in conjunction with abdominal circumference and fe- 
mur length), the variability of the weight estimates has 
been shown® to be improved (1 SD 7.6% to 7.7%); 
model 3 in our present study, which uses three param- 
eters (head circumference, abdominal circumference, 
and femur length), was also found to improve accuracy 
as compared with our models | and 2. In addition, our 
results with three parameters were very similar with the 
data from Hadlock et al.* 

The accuracy of the use of four parameters (BPD, 
head circumference, abdominal circumference, and fe- 
mur length) in the study by Hadlock et al.” was not 
improved substantially as compared with their models 
that used three parameters; in that study the SD of 
models that used these four parameters was 7.5%. In 
our study in the model that used the best four param- 
eters (model 4) the thigh circumference entered the 
equation; the SD of this model was 8.9%, very similar 
to that of model 3. 

The best model was the one that used all five param- 
eters (model 5). This model had an SD of 7.8%. The 
accuracy of this model is illustrated in Tables I-IV. In 
weights <1500 gm, this model gave a systematic over- 
estimation (mean deviation, 4.7%); in gestations be- 
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tween 1500 and 2500 gm, the model gave a systematic 
underestimation (mean deviation, —1.5%); and in 
weights >2500 gm, the model gave a systematic un- 
derestimation (mean deviation, — 0.03%). 

One fetal weight estimation formula that used thigh 
circumference measurement has been previously pre- 
sented by Hohler et al. These investigators con- 
structed a formula that used thigh circumference in 
conjunction with abdominal circumference and femur 
length to estimate fetal weight. They found that this 
formula was more accurate than the equation by Warsof 


et al." and as accurate as the one by Shepard et al.’; the- 


Investigators recommended the use of this formula 
when the BPD is unobtainable or when the cephalic 
index is not within normal limits. 

Formulas incorporating thigh circumference mea- 
surements may be proven most useful tn predicting 
fetal weight when growth abnormalities are present. 
Fetal growth aberrations (intrauterine growth retar- 
dation or macrosomia) are associated with changes in 
soft tissue mass, which is decreased in intrauterine 
growth retardation and is excessive in macrosomia. Pe- 
diatric experience has shown that thigh circumference 
is one of the parameters that reflects soft tissue mass.” 
Our group* has also shown that the ultrasonically de- 
termined thigh circumference is decreased in fetuses 
with intrauterine growth retardation and increased in 
fetuses with macrosomia. It is our opinion that thigh 
circumference formulas may be helpful in improving 
the accuracy of fetal weight estimates in growth- 
retarded and macrosomic fetuses who have quantitative 
disturbances in the soft tissue mass. The accuracy of 
this formula in predicting weight in fetuses with normal 
and abnormal growth is being currently evaluated pro- 
spectively at the University of Connecticut Health 
Center. 
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In utero ponderal index as a prognostic factor in the evaluation 


of intrauterine growth retardation 


S. Yagel, D. Zacut, S. Igelstein, Z. Palti, A. Hurwitz, and B. Rosenn 


Jerusalem, Israel 


The in utero ponderal index has become a method of estimating fetal growth. Several methods have been 
used in the formulation of the in utero ponderal index. In the present study, 1040 pregnant women 
underwent ultrasonic examination between 24 and 41 weeks of gestation, and the in utero ponderal index 
was determined by dividing the estimated fetal weight by the third power of the femur length, rendering a 
relatively constant value of 8.345 + 2.5 (2 SD). Fifty-one cases were defined as ‘intrauterine growth 
retardation due to an estimated fetal weight lower than the tenth percentile for gestational age. The 

in utero ponderal index proved to be a valuable index in the prediction of fetal outcome in those cases of 
intrauterine growth retardation in which the in utero ponderal index was smaller than 1 SD from the 
average of 8.345. Fetal and neonatal well- -being was Clearly compromised when intrauterine growth 
retardation was associated with a low in utere ponderal index. (AM J OpstEet GYNECOL 1987;157:415-9.) 


Key words: Intrauterine growth retardation, ponderal index, ultrasound 


Ultrasonic evaluation of fetal weight is imperative for 
antenatal diagnosis of intrauterine growth retardation 
(IUGR). The most commonly accepted definition of 
IUGR is estimated fetal weight below the tenth per- 
centile for gestational age.” The accuracy of ultra- 
sonic determination of IUGR in predicting birth 
weight below the tenth percentile is reported to be up 
to 96%.** An ultrasonic diagnosis of a small fetus might 
be the result of placental insufficiency or of congenital 
anomalies causing growth limitation and other abnor- 
mal cenditions' but may also represent a constitution- 
ally small fetus. Furthermore, most methods of ultra- 
sonic diagnosis are scaled to gestational age, while ac- 
curate gestational age may not always be accurately 
established. This fact alone is apt to lead ta erroneous 
diagnosis of IUGR. 

For more than 25 years, pediatricians have been im- 
plementing Rohrer’s ponderal index in evaluating fetal 
growth impairment.' It has been shown to be a useful 
parameter in qualifying the effect of intrauterine mal- 
nutrition on the newborn infant. The ponderal index 
is defined as birth weight x 100/(crown-heel length),* 
and its mean value varies from 2.25 at 30 weeks of 
gestation to 2.55 at 38 weeks.' Recently, several varia- 
tions of the ponderal index have been suggested to 
represent the fetal ponderal index.** These indices are 
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based on the fetal femoral length as representing the 
fetal length’ and on thẹ fetal abdominal circumference, 
which is known to be closely related to the fetal weight." 
The analogous fetal ponderal indices were all found to 
maintain a constant value between 20 and 40 weeks of 
gestation, and their importance and usefulness in eval- 
uating fetal growth in high-risk pregnancies lacking 
established gestational ages were emphasized. 

Recently, in utero ponderal index [based on esti- 
mated fetal weight/(calculated fetal length*)j was eval- 
uated as a predictor of IUGR in a group of 113 patients 
who were delivered of their infants within 72 hours of 
the ultrasound examination. This method was found 
to have a sensitivity of 76.9%, a specificity of 82%, and 
a negative predictive value of 96.4%." 

The aim of the present study was twofold: First, we 
aimed to determine the distribution of a modified in- 
trauterine fetal ponderal index, defined as: 

EFW 
IUPI = (FL) 3 
where EFW is estimated fetal weight given in grams 
and FL is fetal length given in centimeters, on the basis 
of a large- data set (1040 ultrasonic estimations of fetal 
weight, performed according to the method of Shepard 
et al.) 

The second aim was to investigate prospectively the 
value of the in utero ponder al index in cases with es- 
timated fetal weight below the'tenth percentile during 
the second halt of pregnancy. 


Material and methods 


A total of 1040 gravid women underwent an ultra- 
sonic evaluation of pregnancy between the twenty- 
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Fig. 1. Distribution of in utero ponderal index i in 1040 gestations between 24 and 41 weeks. 


fourth and forty-first weeks of gestation, with the use 
of a linear, phased array, real-time Aloka Echo camera, 
Model SSD-256, with a freeze frame and electronic cal- 
ipers. All examinations were performed by the same 
operator. The 1040 patients were selected on the basis 
of a definitely dated last menstrual period and a history 
of regular menstrual cycles, with ultrasonically con- 
firmed gestational age prior to the twenty-second week 
of pregnancy. Multiple gestations and those with evi- 
dent malformations were excluded from the study. 

Biparietal diameter measurements were obtained at 
the thalamic level according to the technique described 
by Sabbagha and Highey.'” Femoral length measure- 
ments were carried out by use of the technique sug- 
gested by Mahoney and Hobbins.” Measurements were 
repeated until reproducible within a 1 mm range at 
least three times, then averaged and recorded. Abdom- 
inal circumference was calculated according to the tech- 
nique described by Ott et al." Fetal weight was calcu- 
lated by means of the formula proposed by Shepard 
et al.” The in utero ponderal index was then calculated 
with the following equation: | 


[UPI = EFW (in grams) 


(FL)* (in centimeters) 


We chose the fetal length in the above formula in an 
attempt to be as similar as possible to the original neo- 
natal ponderal index of Rohrer. In 51 patients (4.9%), 
the estimated fetal weight was found to be below the 
tenth percentile for gestational age, thus establishing 
an ultrasonic diagnosis of IUGR. The in utero ponderal 
index was calculated at the time of diagnosis but was 
withheld from the treating physicians. These pregnan- 
. cies with IUGR were thoroughly followed up through- 
out delivery in the following manner: (1) Repeated ul- 


trasonographic evaluation, including estimated fetal 
weight, placental grading, and biophysical scoring ac- 
cording to Manning and Morrison" (amniotic fluid vol- 
ume, fetal tone and body movements, fetal breathing 
movements, and nonstress testing from the thirty- 
second week of Bp egnancy onward), was per formed at 
intervals of 2 to 3 weeks up to the thirty-sixth week of 
pregnancy, and then at 5-day intervals. (2) Possible un- 
derlying maternal causes were sought, and tests were 
taken for markers of collagen disease, recent viral in- 
fections, anemia, diabetes mellitus, hypertensive dis- 
orders, rerial disorders, etc. (3) The umbilical arterial 
wave pulse'was recorded according to Schulman et al.,'' 
in some of the patients, for determination of the sys- 
tolic/diastolic ratio. (4) Examination of the neonate in- 
cluded Apgar scoring; blood testing for complete 
blood count, electrolytes, calcium, glucose, and thyroid 
hormone levels; Dubowitz scoring; determination of 
the ponderal index’ according to Rohrer; and brain 
sonography for evaluation of intraventricular hem- 
orrhage:: | 


Resuits 

Among the 1040 patients undergoing ultrasonic eval- 
uation between 24 and 41 weeks of gestation, 93% had 
a` completely normal pregnancy. The remaining 7% 
comprised patients with IUGR, polyhydramnios, pre- 
mature rupture of the membranes, abruptio placentae, 
and intrauterine fetal death. Gestational age was esti- 
mated in each case, on the basis of biparietal diameter 
and fetal length,’* and was found to be compatible with 
gestational age in 95% of the cases. In 2% of the cases, 
estimated age was smaller than clinical age by >2 SD, 
and in half of these cases, a decreased amount of am- 
niotic fluid was observed, namely, pockets measuring 
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Table I. Antepartum well-being 






Biophysical 
profile 


score = 6* 










Normal intrauterine 5 16.6 9 
ponderal index 
{n = 30) 

Abnormal intrauterine 10 47.6 5 


ponderal index 
(1 SD) (n = 21) 


p Value <0.01 <0.05 


*Last biophysical profile score prior to delivery. 


ve reae 


Intrapartum 
fetal distress 
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Delivery by 
cesarean 
section 










Intrauterine 


fetal death 







Systolic/diastoltc 
ralio} >3:1 





0 0 3 10 0 
2 9.5 7 33.3 4of7 
<0.01 <0.05 


+Was determined in only nine patients in the normal group and seven patients in the abnormal group. 


Table II. Neonatal outcome 












5 min 
Apgar 
score = 7 hemorrhage* 


Group 


Normal intrauterine 0 
ponderal index 
{a = 30) 

Abnormal! intrauterine 5 26.3 4 21 
ponderal index 
(<1 SD) (n = 198) 

p Value <0.01 <0.0] 


Intraventricular 





















Abnormal 
blood Small for Abnormal 
biochemistry gestational ponderal Neonatal 
resultst indext death 











*Grade = II. 
tOne or more abnormal result. 
Lower than tenth percentile for gestational age. 


§There were two intrauterine fetal deaths in the group of 21 patients with abnormal intrauterine ponderal indexes. 


<5 cm at the largest dimension. In 3% of the cases, 
estimated age was greater than clinical age by >2 SD. 
In 22% of these, polyhydramnios was evident, with no 
apparent anatomic cause. 

The in utero ponderal index, calculated via the for- 
mula given, is clearly seen to maintain a relatively con- 
stant value of 8.345 during the second half of gestation, 
as exemplified by Fig. 1. 

The second study group comprised 51 cases sus- 
pected to have IUGR as diagnosed by ultrasonic ex- 
amination. Thirty of these fetuses were found to have 
a normal in utero ponderal index, while 21 had an 
abnormal in utero ponderal index that was 21 SD be- 
low the mean. Fetal and neonatal outcomes, together 
with clinical descriptions of the compromised neonates, 
are summarized in Tables I to III. 

The group with an abnormal in utero ponderal index 
was found to have a higher incidence of a low bio- 
physical score (<6), namely, 47.6% versus 16.6% in the 
normal group, and a higher incidence of intrapartum 


fetal distress (23.8% versus 6.6%). As might be ex- 
pected, there was a higher rate of delivery by cesarean 
section in the abnormal group (33.3% versus 10%) and 
of intrauterine fetal death (9.5% versus 0%). In seven 
patients in the abnormal group, Doppler determination 
of the umbilical artery systolic/diastolic ratio was per- 
formed and found to be >3:1 in four. None of the 
nine patients in the normal group undergoing the ex- 
amination showed abnormal results. 

A low Apgar score of <7 at 5 minutes post partum 
was more common in the abnormal group (26.3% ver- 
sus 0%), as were abnormal results of blood biochemistry 
studies (36.8% versus 6.6%). Not one case of intraven- 
tricular hemorrhage was diagnosed in the normal 
group as opposed to four cases (21%) in the abnormal 
group. There were two neonatal deaths among the ab- 
normal group and none in the normal group. A post- 
partum diagnosis of neonates that were small for ges- 
tational age was assigned in 47.4% of the abnormal 
in utero ponderal index group as opposed to only 
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ioe III. Pregnancies with abnormal intrauterine pore index and abnormal outcome 











Intrauterine 
ponderal 
index at 
diagnosis 








Gestational 
age at 
diagnosis 











Possible cause of 
IUGR 


Biophysical 
score 





E. Pregnancy-induced 38 6:8 — 
hypertension s 
2 Unknown 32 6.4 8 
3 Unknown 35 5.6 8 
4 Diabetes mellitus 33 5.6 6 
5 Unknown 32 6.3 6 
6 Circulating antico- 26 6.6 2} 
agulants | 
7 Unknown 29 6.4 4t 
8 Pregnancy-induced 31 4.6 4 
hypertension 
9 Systemic lupus ery- 30 5.3 6 
‘thematosus 
10 Unknown. 29 6.4 6t 
1} Unknown 28 4.7 4+ 






Vaginal 
















Route of 
delivery 


age at 
delivery 


Neonatal or fetal 
outcome 





39 1960 — -——- [Intrauterine fetal 
delivery death 
Vaginal 39 2410 9 191 -— 
delivery (2.30) 
Vaginal 40 2360 9 2.25 — 
delivery (2.30) 
Cesarean 37 2220 6 2.05 Intraventricular 
section i (2.58) hemorrhage, 
grade 2 
Cesarean 39 2460 7 2.20 
section ) (2.30) 
Vaginal 28 590 — — Intrauterine fetal 
delivery : ` death 
Vaginal 39 1550 2 1.95 Neonatal death; 
delivery (2.20) intraventricular 
l hemorrhage, 
grade3 
Cesarean 39 2400 6 2.10 Neonatal death; 
section (2.30) intraventricular 
; hemorrhage, 
N grade 4 
Cesarean 34 1560 8 1.85 Intraventricular 
section (2.18) hemorrhage, 
grade 2 
Cesarean 36 1900 ë 7 2.10 — 
section (2.23) 
Cesarean 30 7350 6 1.90 Retrolental fibro- 
section (2.05) plasia 


*The tenth percentile for ponderal index at the given gestational age is stated in parentheses. 
tThe value of the biophysical profile score at <32 weeks’ gestational age has not been established. 


Table IV. The prognostic ability of the | 
intrauterine ponderal index in cases of 
suspected IUGR 





True negative = 29/51 

False negative = 1/51 

False positive = 10/51 

True positive = 11/5] 

Sensitivity = 91.6% 

- Specificity = 74.3% 

Positive predictive value = 52.4% 
Negative predictive value = 96.7% 
Accuracy = 78.4% 

= 23.5% 


Prevalence 


16.5% in the group with a normal in utero ponderal 
index. A low neonatal ponderal index (1 SD below nor- 
mal) was predominant in the abnormal group, .mani- 
festing itself in 47.4% of the cases, while only 3.3% of 
the normal group pap a consequently low neonatal pon- 
- deral index. 

Table IV summarizes the prognostic ability of the 
in utero ponderal index in cases of suspected IUGR. 


Comment 
An ultrasound diagnosis of IUGR in the latter half 
of pregnancy presents thé problem of consequent 


follow-up and treatment. Small for gestational age new- 
born infants are known to suffer from increased peri- 
natal morbidity and mortality, but, on the other hand, 
antenatal ultrasound diagnosis of IUGR has failed to 
exhibit a significant correlation with a compromised 
fetal outcome. This somewhat surprising fact may be 
related to several factors: (1) Ultrasound-determined 
estimated fetal weight is well known to have an error 
between 4% and 15%," and even the slightest inaccu- 
racy in weight estimation may make the difference be- 
tween a diagnosis of small for gestational age and one 
of appropriate for gestational age. (2) Many infants, 
although below the tenth percentile of weight for ges- 
tational age, are nonetheless normal and healthy. (3) A 
misdiagnosis of IUGR is sometimes due toan erroneous 
gestational age. 

Two facts clearly stand out in our present study: First, 
the in utero ponderal index maintains a constant value, 
a fact that is in accordance with recent reports® *; 6; sec: 
ond, the in utero ponderal index clearly differentiates 
between two distinct groups of fetuses and may serve 
as a guide in evaluating the ultrasonic data and in de- 
ciding on subsequent follow-up and treatment. 

Pregnancies with a diagnosis of small for gestational 
age with a normal in utero ponderal index had the same 
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outcome as that in the general population. Most 
(83.5%) of these infants had birth weights within nor- 
mal limits, and indeed in 80% a normal estimated fetal 
weight was established during subsequent ultrasound 
examinations in the follow-up period. This fact prob- 
ably represents the inaccuracy of ultrasound weight 
estimation combined with the rigid cutoff point at the 
tenth percentile. A total of 16.5% of the pregnancies 
were concluded with the birth of a small for gestational 
age but otherwise normal baby, with a normal ponderal 
index; these babies are constitutionally small. Only one 
newborn infant had evidence of malnutrition, exem- 
plified by a low ponderal index. 

On the other hand, the perinatal outcome of the 
group with an abnormal in utero ponderal index was 
devastating. Among the 21 pregnancies, there were two 
intrauterine fetal deaths, two neonatal deaths, and four 
cases of intraventricular hemorrhage: Five newborn ba- 
bies had low Apgar scores ($7), and nine of 19 had a 
ponderal index lower than the tenth percentile for ges- 
tational age. The abnormal in utero ponderal index 
also proved to correlate with findings indicative of pla- 
cental insufficiency and of fetal compromise; four of 
seven patients had Doppler-measured umbilical artery 
systolic/diastolic ratios of >3:1, 10 of 21 had a de- 
creased amniotic fluid volume, and eight had a high 
placental grading (Grade III) before delivery. A bio- 
physical profile score of <6 was found in 10 of 2] 
pregnancies with low in utero ponderal indexes, five 
exhibited intrapartum fetal distress, and six were de- 
livered by cesarean section. 

The fact that the in utero ponderal index was found 
to maintain a constant value throughout the second half 
of pregnancy is in obvious discordance with the nom- 
ograms describing neonatal ponderal index according 
to gestational age, which show a gradual increase in the 
ponderal index from 30 to 38 weeks of gestation.' This 


discrepancy might be explained by the fact that the data - 


base in designing the nomograms was most probably 
biased by intrauterine growth retardation in premature 
newborn infants with a low ponderal index. Our rel- 
atively constant in utero ponderal index was derived 
from ultrasound determinations in pregnancies, the 
majority (95%) of which were normal, and is tn accor- 
dance with that of others.” ° 

The value of determining the in utero ponderal in- 
dex in cases of suspected IUGR is summarized in Ta- 
ble IV. In our study group, a fetus in the third trimester 
with an ultrasound diagnosis of IUGR and an abnor- 
mally low in utero ponderal index had a 50% chance 
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of being malnourished and a 30% chance of suffering 
some kind of severe morbidity or dying. Conversely, a 
normal in utero ponderal index, in the presence of 
IUGR in this group, was associated with a normal out- 
come in 96.7% of the cases. 

In conclusion, although the sensitivity and the pos- 
itive predictive value of the described method do not 
support it as a diagnostic screening procedure, the data 
do indicate that if IUGR is diagnosed then an abnormal 
in utero ponderal index places the fetus in a particularly 
high-risk category. However, this method may help in 
the follow-up of fetuses believed to have IUGR. 
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Nerve entrapment after Pfannenstiel incision 


William C. Sippo, M.D., Captain, MC, USA, Anne Burghardt, M.D., Major, MC, USA, and 


Alphonse C. Gomez, M.D., Colonel, MC, USA 
El Paso, Texas > 


In a 16-month period, nine cases of iliohypogastric nerve entrapment were diagnosed in patients who had 
undergone a Pfannenstiel incision. Three patients experienced total relief with nerve bloc<s alone; four 
patients required surgical interruption of the ilionypogastric nerve to attain total relief; two patients received 
significant symptomatic relief with injection and desired no further treatment. The presentation, diagnosis, 
treatment, and prevention of entrapment of the iliohypogastric nerve as a complication of the Pfannenstiel 
incision are presented and discussed. (Am J OgsTeT GYNECOL 1987;157:420-1.) 


Key words: Ilichypogastric nerve, nerve entrapment, Pfannenstiel incision 


The purpose of this article is to identify ilohypo- 
gastric nerve entrapment as a common complication of 
the Pfannenstiel incision and to present an approach 
to the diagnosis, treatment, and prevention of this com- 
plication. 


Material and methods 


During the 16-month period September 1, 1984, 
to December 31, 1985, nine patients with the com- 
plaint of lower abdominal pain, a history of a Pfan- 
nenstiel incision, and a negative workup for their symp- 
toms were evaluated with a diagnostic ilioinguinal- 
iliohypogastric nerve block. 

Six patients had had one procedure and three had 
had multiple procedures via Pfannenstiel incision. 

Seven patients noted the onset of symptoms within 
3 years, and two patients had symptoms more than 10 
years after the last procedure. 

The patients’ histories were strikingly similar, being 
characterized initially by activity-induced, intermittent 
sharp pain that emanated from the incision site and 
radiated into the labia and/or upper inner aspect of 
the thigh and then over weeks to months progressed 
into a constant dull, burning pain within this same dis- 
tribution. 

The patients were placed in a supine position, with 
the region from the umbilicus to the upper thigh ex- 
posed on the side involved. A 3-inch, 25-gauge spinal 
needle was guided with a gloved hand beneath the ex- 
ternal oblique aponeurosis at a point | inch medial and 
l inch inferior to the anterior superior iliac spine. With 
a 2:1 mixture of 0.5% bupivacaine and 1.0% lidocaine 
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without epinephrine, ] ml was deposited at this site. 
The needle was advanced toward the pubic tubercle, 
and on its withdrawal 3 ml of the mixture was injected 
with steady, even pressure. Without removal of the nee- 
dle, it was redirected such that, in three or more passes, 
a fan-shaped deposition of anesthetic was accomplished 
(the last injection being perpendicular to the midline) 
(Fig. 1). The needle was directed beneath the rectus 
fascia when it was encountered. 

The patients were evaluated on a weekly basis and 
underwent reinjection if symptoms recurred. Patients 
whose symptoms recurred after a third injection were 
considered for surgical intervention. 


Results 


All nine patients reported immediate relief of symp- 
toms after injection. 

Total resoluzion of symptoms was achieved in one 
patient after one injection and in two patients after a 
second injection; these patients remained symptom 
free on 6-month follow-up and required no further 
treatment. 

Two patients experienced a significant alteration of 
their discomfort with the block and desired no further 
intervention. On follow-up these patients related oc- 
casional intermittent symptoms, which they tolerated. 

The four remaining patients received only transient 
relief after each of the three injections and underwent 
surgical exploration. 

The first had a palpable neuroma within the rectus 
sheath involving a branch of the iliohypogastric nerve. 
Symptoms resolved after excision of the neuroma. 

The second patient had surgical interruption of the 
ilioinguinal nerve proximal to the area of the original 
incision without complete relief of symptoms. Reex- 
ploration was performed subsequently with the patient 
under local anesthesia, at which time the iliohypogastric 
nerve was identified as the source of symptoms. A 
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1 cm portion of the nerve was excised and the proximal 
and distal ends were ligated. This patient experienced 
complete relief. 

The last two patients likewise underwent exploration 
while under local anesthesia and had resolution of 
symptoms after interruption of the iliohypogastric 
nerve as described above. 


Comment 


Our ability to relieve symptoms in all nine patients 
with the ilioinguinal-iliohy pogastric nerve block and the 
results of our surgical intervention suggest that the 
nerve entrapment syndrome associated with the Pfan- 
nenstiel incision is due to injury of the iliohypogastric 
nerve. 

Nerve entrapment may result from incision of a 
nerve with formation of a neuroma, from incorpora- 
tion of a nerve by suture in the closure of the fascia, 
or from the tethering and constriction of a nerve in the 
surrounding scar that results from the normal healing 
process.’ 

Injury to the iliohypogastric nerve is more likely to 
occur either when the fascial inciston extends beyond 
the lateral edge of the rectus sheath and into the sub- 
stance of the internal oblique muscle where this nerve 
runs or when the corners of this fascial incision are 
closed with widely placed sutures, which may incor- 
porate distal branches of the nerve in the closure. 

There are two formally described methods of exten- 
sion of the Pfannenstiel incision, both of which em- 
phasize that the incision should be extended through 
the external oblique aponeurosis only and not involve 
incision of the internal oblique muscle.’ In this way 
injury to the nerve may be avoided. 

Closure of the Pfannenstiel incision does not require 
widely placed corner sutures to prevent incisional her- 

nia. Injury to the nerve from closure is therefore easily 
avoidable by carefully placed sutures limited to the 
fascia. 

The ilioinguinal-iliohypogastric nerve block is an im- 
portant diagnostic tool in the assessment of patients 
with abdominal wall pain after Pfannenstiel incision. If 
the block relieves a patient’s symptoms, then entrap- 
ment may be implicated and treatment initiated without 
more costtly and invasive workup. 

As demonstrated by our results, the ilioinguinal- 
iliohypogastric nerve block is also an important ther- 
apeutic tool in the treatment of the nerve entrapment 
associated with Pfannenstiel incision. 

Although the true incidence of this entity is un- 
known, the number of patients we identified with this 

syndrome in just 16 months suggests that this is a com- 
mon complication of the Pfannenstiel incision that will 
be identified if actively sought. 

In summary, entrapment of the iliohypogastric nerve 
is acommon complication of the Pfannenstiel incision. 
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Fig. 1. The courses of the ilioinguinal nerve (lateral) and the 
iliohypogastric nerve (medial) are depicted on the left. The 
vertical dashed lines represent the borders of the rectus muscles 
and the transverse dashed line depicts the location of the Pfan- 
nenstiel incision. The pattern of injection for the nerve block 
is demonstrated on the right. 


Patients present with vague, lower abdominal, burning 
pain in the region of the incision; this pain may radiate 
to the labia or upper inner aspect of the thigh. Relief 
of symptoms after ilioinguinal-iliohypogastric nerve 
block ts diagnostic of the entrapment and may preclude 
an unnecessary costly workup. Failure of recurrent 
blocks to relieve the symptoms permanently suggests 
that a surgical interruption of the nerve is warranted. 

Nerve injury may be minimized by both limiting the 
extension of the Pfannenstiel incision beyond the con- 
fines of the rectus sheath to the external oblique apo- 
neurosis and avoiding the wide placement of sutures 
in the closure of the anterior fascia at its corners. 
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Treatment of polyhydramnios with prostaglandin synthetase 


inhibitor (indomethacin) 
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Polyhydramnios, which is caused by an excess of amniotic fluid, was diagnosed uniformly in eight patients 
by ultrasound examination and clinical symptoms, namely, premature uterine contraction, abdominal pain, 
and respiratory discomfort that resulted from excessive pressure on the diaphragm. Fetal anomalies 
incompatible with extrauterine existence were excluded by serum a-fetoprotein levels, repeated 
sonography, amniocentesis, and chromosomal analyses. Patients were treated with 2.2 to 3.0 mg of 
indomethacin/kg body weight/day. The treatment was started at an average gestational age of 24 + 0.5 
weeks and continued for 2 to 11 weeks. All patients had significant improvement with a simultaneous 
reduction in amniotic fluid volume, fundal height, and umbilical perimeter. All patients were delivered 
satisfactorily at an average of 39 weeks’ gestation. The fetuses were within the normal body weight range 
of 2750 to 3600 gm and showed normal development during the neonatal period of 2 to 6 months. Before 
delivery without indomethacin, the polyhydramnios reformed. Adverse effects or intolerance to the drug 
was avoided by either a reduction in the dose or cessation of indomethacin therapy. Our studies suggest 
that indomethacin therapy is an effective way to manage pregnancy complicated by polyhydramnios. (Am J 


Osstet GYNECOL 1987;157:422-6.) 
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Prostaglandins E, and F, are important in the reg- 
ulation and maintenance of vascular tone of the blood 
vessels. In the lamb, calf, and goat, prostaglandins relax 
the pulmonary vessels and the ductus arteriosus. On 
the other hand, prostaglandin inhibitors such as in- 
domethacin and salicylates increase the pulmonary vas- 
cular resistance and constrict the ductus arteriosus, 
which result in the elevation of the right ventricular 
pressure and may cause subendocardial ischemia and 
calcified lesions in the tricuspid valve papillary muscle 
and thus tricuspid insufficiency. Newborn infants may 


experience hypoxemia, cardiomegaly, and right to left ` 


shunting through either the foramen ovale or the duc- 
tus arteriosus. Other investigators have noted few ab- 
normalities in newborn infants whose mothers were 
treated cautiously with indomethacin in lower doses. 
Polyhydramnios results in poor fetal prognosis, es- 
pecially during the second trimester. There is about a 
30% fetal mortality rate because of premature rupture 
of the membranes and delivery of a fetus weighing 
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between 500 and 700 gm. The patients are managed 
by repeat transabdominal amniocentesis under toco- 
lytic treatment and withdrawal of fluid. Multiple punc- 
tures frequently result in infection or premature rup- 
ture of the membranes. The therapeutic use of pros- 
taglandin synthetase inhibitors decreases the amniotic 
Auid volume and prevents premature labor.'* This ap- 
proach is based on the known contribution of fetal uri- 
nary flow in the production of amniotic Huid and a 
decreased rate of urinary flow in the premature fetus 
treated with indomethacin for patent ductus arterio- 
sus.” ' In addition, pregnant animal models and women 
treated with indomethacin for premature birth devel- 
oped oligohydramnios.* ° Therefore indomethacin was 
chosen to treat polvhydramnios in eight patients. 


Material and methods 


The patients enrolled in the study had definite clin- 
ical polyhydramnios as determined by a fundal height 
more than 3 cm above that at the normal gestational 
age (Table I) and confirmed by ultrasonography. Poly- 
hydramnios was defined in our study by the presence 
of the largest pocket of amniotic fluid at a depth of 
8 cm.’” Polyhydramnios was associated with abdominal 
pain, respiratory discomfort, and premature uterine 
contractions. Fetal anomalies incompatible with extra- 
uterine existence were excluded by ultrasonography. 
Karyotype and a-fetoprotein determinations in the ali- 
quot of 20 ml of amniotic fluid aspirated by transab- 


Volume 157 
Number 2 


Table I. Gestational age, fundal height, and 
etiology at the time of diagnosis of 
the polyhydramnios 





Diagnosis of polyhydramnios 


Gestational | Fundai 
age (wk) height (cm) 






Etiology 

l 21.5 l 24 None 

2 24 30 Chemical diabetes 
3 33 : 31 None 

4 34 33 None 

5 28.5 29 Chemical diabetes 
6 28 28 Chemical diabetes 
7 26 27 Chemical diabetes 
8 


3} 32 None 


dominal amniocentesis were used to exclude enceph- 
aloceles. The patients signed an informed consent 
form. | | 

Fight patients, numbered | through 8, were treated 
with indomethacin for polyhydramnios. Patient No. 2 
with polyhydramnios had a premature delivery at 28 
weeks with neonatal death in 198] and a late abortion 
at 26 weeks with a second neonatal death in 1982. Pa- 
tient No. 4 had polyhydramnios but was successfully 
delivered of a full-term female fetus weighing 3400 gm. 
Four patients, namely, Nos. 2, 5, 6, and 7, had chemical 
diabetes, and the other four had no known maternal 
or fetal disease (Table II). Treatment with indometh- 
acin began in all eight patients between 24 and 35% 
weeks of gestation‘and at an average ‘gestational age of 
30.1 + 0.5 weeks (Table III). Patient ages ranged from 
25 to 39 years, and parity was from 1 to 4, as shown 
in Table II. Indomethacin was administered either 
orally as tablets or as vaginal suppositories at a dose of 
2.2 to 3.0 mg/kg body weight/day. Treatment was usy- 
ally stopped between 35 and 38 weeks, and optimal 
care was taken to sustain the pregnancy by providing 
complete bed rest and if necessary by the administra- 
tion of B- mimetic drugs orally for | week. 

The effects of indomethacin therapy were evaluated 
daily to determine (1) a decrease i in maternal symptoms 
and uterine contractions, (2) measurement of fundal 
height and umbilical circumference, and (3) weekly ul- 
trasonographic findings to monitor fetal growth and 
development, as well as the approximate volume of 
amniotic fluid. The technique of quantitatively mea- 
suring the amniotic fluid volume consisted of measur- 
ing the depth of the largest pocket during the second 
half of the pregnancy, and the polyhydramnios was 
arbitrarily classified on the basis of the clinical impres- 
sion gained while the biophysical examination of the 
uterine contents as described by Chamberlain et al.’ 
was performed as follows: (1) >l cm as grade 1, oli- 
gohydramnios; (2) 1 to 3 cm as grade 2, decreased fluid; 
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Table II. Characteristics of the eight patients 
(age, parity, and previous polyhydramnios) 
Patient 


ent — Age Previous 
No, (yr) Parity polyhydramnios 


ho 

~J 
mé eet eet OD O A DO me 
TaS ka ee 


l 
2 
3 
4 
5 32 
6 
7 
8 


Table IMI. Schedule of indomethacin 
treatment 








Gestational age at time of 
indomethacin treatment (wk) 
Patient 
No. 


a 27 35 
9 24 35 
3 33.6 35.5 
4 34 36 
5 3] 35 
6 32.9 35.2 
7 29 34.5 
8` 31] 38 


(3) 3 to 8 cm as normal grade 3; and (4) >8 cm as 
grade 4, polyhydramnios. If under treatment severe 
oligohydramnios or complete interruption of fetal uri- 
nary flow, developed, the dose of indomethacin was 
either decreased or the therapy was discontinued. Pa- 
tients were evaluated for other causes of polyhydram- 
nios such as hyperglycemia, rhesus blood grouping, 
irregular agglutinins, toxoplasmosis, and rubella anti- 
bodies during the course of treatment with indo- 
methacin. 


Results 

As shown in Table I, the diagnosis of polyhydramnios 
was confirmed between 21.5 and 34 weeks by sonogram 
in all eight patients. Table III shows that the longest 
duration that indomethacin was tolerated for was. 11 
weeks (patient No. 2) and the shortest duration was 
only 2 weeks (patient No. 4). Table IV illustrates that 
the deliveries were normal, spontaneous, vaginal, and 
at an average gestational age of 38.6 + 1.6 weeks with 
an Apgar score of 5 for 1 minute and 10 for 5 minutes. 
Patient No. ] had a cesarean because of acute fetal 
distress. All eight infants weighed between 2750 and 
3600 gm at birth. Careful examination during the neo- 
natal period (2 to 6 months) revealed that all physical 
findings were within normal limits. There were no pre- 
mature deliveries. , 
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35 4) 


Fig. 1. Fundal height, umbilical perimeter, and qualitative measurement of amniotic fluid volume 
in patient No. 1 whose polyhydramnios was treated with indomethacin (3 mg/kg/day). Dashed line 


indicates normal fundal heght. 


Table IV. Delivery and neonatal status in the = cases of polyhydramnios treated with indomethacin 


Delivery 


si Gestational Weight 
age (wk) Mode (gm) 


Lo Cesa7ean section* 
2 7 Normal delivery 
3 39.5 Normal delivery 
4 40 Normal delivery 
5 37 Normal delivery 
6 37 Normal delivery 
7 4] Normal delivery 
8 39 Normal delivery 


*Cesarean section for acute fetal distress during labor. 


‘ 
F 
F 
M 
M 


F 
M 


Infant 
Apgar score Pediatric 

(1 min, 5 min) examination} 
3230 5-10 Normal 
2750 9-10 Normal 
3310 10-10 Normal 
3450 9-10 Normal 
2750 9-10 Normal 
2905 9-10 Normal 
3470 10-10 Normal 
3600 Normal 


9-10 


+Physical examination during neonatal period and at 2 or 6 months. 


As shown in Fig. 1, indomethacin was administered 
to patient No. 1 at a dose of 3 mg/kg/body weight/day 
from 27 to 30 weeks and from 32 to 35 weeks in patient 
No. 1. After the administration of indamethacin for 10 
days, there was a decrease in maternal symptoms. The 
uterine contractions ceased, and fundal height and um- 
bilical circumference were decreased with normal fetal 
growth as confirmed by ultrasonography. The normal 
fundal height dropped while on indomethacin and re- 
versed while indomethacin was withdrawn from 30 to 
32 weeks. When the indomethacin was continued as 
long as 35 weeks, fundal heigh was maximal. The um- 
bilical perimeter did not rise while the patient took 
indomethacin whereas the grade of amniotic fluid vol- 
ume dropped. After cessation of indomethacin therapy, 
the grade of the amniotic fluid rose back to %2 cm. 
The patient delivered satisfactorily at 39 weeks’ ges- 
tation; however, polyhydramnios was reformed. To 


avoid fetal SESS a cesarean was performed, and the 
Apgar score was 5 at 1 minute and 10 at 5 minutes. 
The infant weighed 3230 gm. Fig. 2 demonstrates the 
effects of indomethacin over a 2-week period in patient 
No. 5. The ultrasonographic grade of amniotic fluid 
volume dropped from 4 to 2 cm, and the fundal height 
dropped to less than the average. The umbilical perim- 
eter was reduced from 94 to 90 cm. The patient deliv- 
ered at 37 weeks’ gestational age. The fetus weighed 
2750 gm and had an Apgar score of 9 at 1 minute and 
10 at 5 minutes. In patient No. 8 (Fig. 3), indomethacin 
was administered from weeks 31 to 38. The amniotic 
fluid volume, the umbilical perimeter, and the height 
of the fundus decreased. As soon as indomethacin was 
stopped, the amniotic fluid rapidly increased. At the 
time of delivery (39 weeks’ gestation), the polyhydram- 
nios had again recurred. However, this fetus was the 
largest of the eight fetuses (3600 gm) and had an Apgar 
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40 


35 


Fig. 2. Fundal height, umbilical perimeter, and qualitative measurement of amniotic fluid volume 
in patient No: 5 whose polyhydramnios was treated with indomethacin (3 mg/kg/day). Dashed line 


indicates normal fundal height. 
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Fig. 3. Fundal height, umbilical perimeter, and qualitative measurement of amniotic fluid volume 
in patient No. 8 whose polyhydramnios was treated with indomethacin (2.2 mg/kg/day). Dashed line 


indicates normal fundal height. 


score of 9 at 1 minute and 10 at 5 minutes. The in- 
domethacin successfully prevented prematurity at 3] 
weeks and produced a mature infant at 39 weeks. 


Comment 


In the present study, indomethacin reduced the poly- 
hydramnios in all eight patients. The reduction in the 
polyhydramnios, which was determined by measuring 
findal height and umbilical perimeter, was noted by 
sonography after a week of therapy. The indomethacin 
reduced the palyhydramnios by reducing urinary flow 
and also minimized the amount of fluid produced by 
the amnion and chorion. Indomethacin was stopped 


during weeks 35 to 37 to prevent prematurity. We ob- 
tained improved clinical and ultrasonographic param- 
eters in all eight patients and were able to avoid pre- 
mature delivery. The fetuses were of normal size and 
all weighed more than 2500 gm. 

The impact of prostaglandin synthetase inhibitors on 
amniotic fluid dynamics, is not known. It is postulated 
that they probably decrease fetal urinary output’ ° or 
act on amniotic fluid reabsorption via the lungs.* Kit- 
terman and Liggins® demonstrated that prostaglandin 
synthetase inhibitors increase fetal respiratory move- 
ments. Indomethacin could also act on fetal mem- 
branes, since these tissues, which perhaps play a role 
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in water transport, contain large amounts of prosta- 
glandins. To elucidate the mechanism of action of in- 
domiethacin, more accurate quantization of amniotic 
fluid volume and measurement of fetal urinary output 
before and during treatment as described by Campbell 
et al.! are required. 

The risk of treating orninn with prosta- 
glandin synthetase inhibitors is the genėration of fetal 
anomalies that may contraindicate treatment with this 
drug. The risk may be minimized By repeated ultra- 
sonographic examinations and frequent karyotyping 
and regulating the dose of the indomethacin. There 
was no premature closure of the ductus arteriosus. 
Long-term follow-up of indomethacin- -treated infants 
has shown no residual effects on renal or cardiopul- 
monary function.'! Risks could also be minimized by 
discontinuation of the drug at 35 weeks of gestation 
and postponement of delivery for at-least 1 week 
at the end of treatment to prevent complications af- 
ter delivery in patients treated. with indomethacin.” 
Indomiethacin-induced oligohydramnios or ah inter- 
ruption of fetal urinary flow, 4 complication described 
by Veersema et al., could be avoided by a decrease in 
the dose or discontinuation of the treatment. When the 
indomethacin therapy was terminated, the polyhy- 
dramnios reaccumulated, which might have initiated 
labor by distending the uterus and might have resulted 
in rupture of the membranes. Prostaglandin synthetase 
inhibitors, however, seem to be effective and a conve- 


nient mode of treatment of polyhydramnios. The risk . 


to benefit ratio may depend on the clinical judgment 
of specific circumstances. 


10. 


rI: 


12. 


13. 
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Human leukocyte antigen associated with endometrial 
carcinoma with a new classification of endometrial carcinoma 


based on its etiology 


Tatsuya Kanuma, M.D., and Masao Igarashi, M.D., Ph.D. 


Maebashi, Japan 


To elucidate the relationship between endometrial carcinoma and the constitution, HLA antigen typing 
(A-locus, 13; B-locus, 20; C-locus, 6; DR-locus, 9) was investigated in 74 patients with endometrial 
carcinoma. A significant increase in two HLA antigens, Cw7 and DRw8, was demonstrated, but there was 
no intimate correlation between Cw7 or DRwé and the three complications commonly associated with 
endometrial carcinoma—diabetes mellitus, obesity, and hypertensive disease. On the basis of these 
results, a new classification of endometrial carcinoma was proposed as follows: type A is positive Cw7 or 
DRw8 group; type B is negative for Cw7 and DRw8 and positive for the complications mentioned; type C 
is negative for Cw7 and DRw8, negative for the complications mentioned, and positive for DR 5; type D is 
a non-A, non-B, and non-C type. (Am J Osstet GYNECOL 1987;157:427-32.) 


Key words: Endometrial carcinoma, HLA antigen 


Accumulated evidence suggests that endometrial 
carcinoma is often associated with specific complica- 
tions'® such as diabetes mellitus, obesity, hypertensive 
disease, and hyperestrogenism and that there are some 
families with a high occurrence of endometrial carci- 
noma.° One of the best ways to investigate hereditary 
or genetic cause of diseases is HLA antigen typing. 
Recently a high risk of endometrial carcinoma in Cau- 
casian women with HLA-Aw23 was reported,’ but un- 
fortunately the investigation of HLA typing was limited 
to A, B, and C locus. This study included extensive 
HLA-A, B, C, and DR typing to elucidate the possibility 
of the existence of special types of HLA antigens in 
Japanese patients with endometrial carcinoma and the 
relationship to these complications. 


Material and methods 


Patients. Seventy-four patients with endometrial car- 
cinoma that was confirmed by histologic examination 
were investigated on HLA typing and complications, 
such as diabetes mellitus, obesity, and hypertensive dis- 
ease, Among these 74 patients, 53 underwent operation 
at the Gunma University Hospital, and the remaining 
21 patients had operations at the Tohmo Cancer Center 
Hospital, Gunma, Japan. The age range of these pa- 
tients was from 29 to 74 years, with a median of 54. Of 
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these patients 40.5% were obese, 23.0% had diabetes 
mellitus, and 18.9% had hypertensive disease. 

HLA typing. Twenty milliliters of heparinized blood 
was obtained from each patient. Lymphocytes were 
separated from blood samples by means of a Ficoll- 
Conray density gradient. The B-lymphocytes and 
T-lymphocytes were separated by the nylon-wool 
column procedure. With T-lymphocytes, HLA-A, 
HLA-B, and HLA-C antigens were determined by the 
National Institutes of Health standard two-stage mi- 
crocytotoxicity method.® HLA antisera of 13 alleles of 
the A locus, 20 alleles of the B locus, and six alleles of 
the C locus were purchased from the Hoechst Com- 
pany, Marburg, West Germany. Each lymphocyte prep- 
aration was adjusted to 1000 cells per microliter to con- 
sist of at least 90% viable lymphocytes. Lymphocytes 
were incubated with each of the antisera for 30 minutes 
at 15° to;25° C. Five microliters of rabbit complement 
was added to each well, and the incubation was contin- 
ued for 60 minutes. Two microliters of eosin was then 
added, and the incubation was terminated by the ad- 
dition of 10% formaldehyde. The plates were exam- 
ined by phase microscopy to quantitate cell viability. A 
positive reaction was regarded as one that showed the 
presence of eosin in more than 80% of the cells, indi- 
cating cell death caused by antigen-antibody reaction. 
To test for 39 specific antigens, 101 alloantisera (33 for 
A locus, 55 for B locus, and 13 for C locus) were used. 
HLA-DR typing was performed with B-lymphocytes by 
a two-stage microcytotoxicity method that was modified 
by longer incubation times® (serum for 60 minutes at 
37° C, complement for 120 minutes at 15° to 25° ©). 
There were also 34 alloantisera used to type for nine 
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Table I. HLA antigen frequencies in patients with endometrial carcinoma and normal Japanese 
control values 






Patients with endometrial Japanese normal control 
carcinoma (n = 74) values (N = 950*) 





A 1l 0 10 1.0 NS 
A 2 28 37.8 410 43.2 NS 
A 3 0 10 Lei NS 
A ll 12 16.2 163 17.2 NS 
Aw23 0 10 1.1 NS 
Aw24 45 60.8 556 58.5 NS 
A 25 0 I 0.1 NS 
A 26 22 29.7 178 18.7 NS 
A 28 0 10 14 NS 
A 29 0 4 0.4 NS 
A 3) 7 9.5 145 15.3 NS 
Aw32 0 l 0.1 NS 
Aw33 8 10.8 124 13.1 NS 
A X 26 35.1 47 4.9 

B 7 7 9.5 108 11.4 NS 
B 8 0 2 0.2 NS 
B 12 9 12.2 122 12.8 NS 
B 13 0 38 4.0 NS 
B 18 0 0 NS 
B 27 0 8 0.8 NS 
Bw35 10 13.5 133 14.0 NS 
Bw38 0 4 0.4 

Bw39 4 5.4 54 5.7 NS 
Bw48 l 1.4 44 4.6 NS 
Bw51 16 21.6 15] 15.9 NS 
Bw52 15 20.3 195 20.5 NS 
Bw54 10 13.5 134 14.1 NS 
Bw55 3 4.1 55 5.8 NS 
Bw56 3 4.l 21 2.2 NS 
Bw59 3 4.] 40 4.2 NS 
Bw60 12 16.2 12] 12.7 NS 
Bw6l 10 13.5 160 16.8 NS 
Bw62 9 [2:2 159 16.7 NS 
Bw63 0 36.5 4 0.4 

B X 27 36.5 216 224 

Cwl 24 32.4 305 32.1 NS 
Cw2 0 7 0.7 NS 
Cw3 37 50.0 44? 46.5 NS 
Cw4 8 10.8 88 9.3 NS 
Cw5 0 2 - 0.2 NS 
Cw7 13 17.6 20 21 Pc < 0.006, RR = 9.9 
C X 66 89.2 698 73.5 

DR ] 4 5.4. 108 12.2 NS 
DR 2 36 48.6 318 36.0 NS 
DR 3 8 10.8 28 3.2 NS 
DR 4 24 32.4 366 41.4 NS 
DR 5 7 9.5 38 4.3 NS 
DRw6 l 1.4 80 9.) NS 
DR 7 2 2.7 9 1.0 NS 
DRw8 23 31.1 111 12.6 Pc < 0.009, RR = 3.1 
DRw9 18 24.3 203 23.0 NS 
DR X 25 33.8 347 39.2 


Pc = Corrected p value; RR = relative risk; NS = not significant; A X, B X, C X, and DR X = blanks. Cw7 was significantly 
increased compared with control value. DRw8 was significantly increased compared with control value. 


*For normal Japanese control values of DR-locus antigens N = 884. 


specific antigens of Terasaki DRW TRAY, Lots 18 quency, which were presented at the Eighth Interna- 


and 19, purchased from Veritas Company, Tokyo, tional Histocompatibility Workshop,” were used. 
Japan. The results of HLA typing were assessed by two sta- 
Statistical evaluation. As the control for HLA fre- tistical approaches. One was the corrected p value and 


quency, Japanese normal control values for HLA fre- the other was the relative risk. The corrected p value 
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Table II. HLA typing data on each patient with endometrial carcinoma 


Endometrial carcinoma and HLA 429 


Age 


l Y. S. A 2, Aw24 

2 M. K. l A 11,A 26 

3 Y. S. 56 À 9. Aw24 

4 R. N. 61 Aw24, Aw33 

5 F. N. 47 A 2 A 26 

6 M. S. 44 A 2, Aw24 

7 A. Y. 60 Aw24,A X 

8 WoE. 51 Aw24, A 26 

9 H. N. 52 Aw24,A X 
10 T. O. 56 Aw?4, A 26 
1l S. K, 64 A 2, Aw24 
12 N.S. 36 Aw24,A X 
13 K. U. 51 AX, AX 
14 M. T. 67 A 26,A X 
15 N. Y. 45 Aw24,A X 
16 Y. K. 62 Aw24, Aw33 
17 M. T. 52 A 26,A 31 
18 T. K. 31 Aw24,A X 
19 Y. M. 58 Aw24,A X 
20 T. H. 52 Aw24, Aw33 
2) K. A. 63 A 11, Aw24 
22 N. U. 55 Aw?4,A X 
23 G. K. 55 A 2,A X 
24 W. A. 50 AX,A X 
25 H. A. 69 A 2, Aw24 
26 A. S. 56 A 2A X 
27 F. N. 51 A 26, A X 
28 Y. Y. 62 A 2, Aw24 
29 SoY: 45 Aw24, A 26 
30 N. H. 58 A 31A X 
31 T. O. 53 Aw24, A X 
32 H. O. 66 A 2AX 
33 K. S. 63 A li, Aw24 
34 M.I 54 Aw24, Aw33 
35 T. T. 54 A 2, Aw24 
36 K. K. 61 A 26,A 31 


(Pc) was obtained for each couple of particular anti- 
gens by means of the following equation: Pc = un- 
corrected p value X number of antigens examined for 
each locus. The relative risk (RR) for endometrial car- 
cinoma to develop in a patient with a particular HLA 
antigen was calculated with the following equation: 
RR = A/a X b/B, where A is the numer of patients 
with the particular antigen, a is the number of patients 
without the antigen, B is the number of controls with 
the antigen, and b is the number of controls without 
the antigen. 


Results 


Incidence of HLA in endometrial carcinoma. As 
shown in Table I, six kinds of antigens, A2, All, Aw24, 
A26, Aw31, and Aw33, in the HLA-A locus were found 
in cases of endometrial carcinoma. For the B locus, the 
14 kinds of antigens shown in Table I were detected, 
but the incidence of any antigens in the A and B loci 
was not significantly different in endometrial carci- 
noma when compared with the Japanese control values. 
For the C locus, four kinds of antigens, Cw1, Cw3, Cw4, 


Bw52, Bw54 Cw 3,C X DRw9, DR X 
B 15, Bw5! Cw 4,C X DR 2,DR X 
Bw60,B X CXC X DR 4, DRw8 
Bw60,B X Cw l, Cw 3 DRw8, DRw9 
Bw54,B X Cw 1,C X DR 3,DR 5 
Bw52,B X Cw 1,C X DR 2, DR X 
Bw5?, Bw60 Cw 3,C X DR 2,DR X 
Bw52,B X Cw 3,C X DR 2, DR X 
Bw51,B X Cw 1,Cw 3 DR 4, DRw8 
Bw54,B X Cw 1, C X DR 2,DR 4 
Bw35,B X Cw 3,C X DR 2, DR 4 
Bw52,B X C ALGA DR 2, DRw9 
Bw61,B X Cw 3,C X DR 3, DR 

Bw61,B X Cw 3,C X DR 2, DRw8 
B 12, Bw52 Cok ox DR 5,DR X 
Bw52,B X Cw 1, Cw 3 DR 3, DR 5 
B 15, Bw60 Cw 3,C X DRw8, DR X 
Bw5!l,B X CX,CX DR 2, DR X 
Bw52,B X Cw 7,C X DR 4, DR X 
Bw54,B X CW 1,Cw 3 DR 2,DR X 
Bw51, Bw59 CG & 3G X DR 2, DRw9 
Bw52, Bw60 Gx GC X DR 2,DR X 
B 12,B X Cw lI, Cw 3 DR 2, DRw8 
B 15,B X Cw IC X DR 2, DR 5 
B 12, Bw39 Cw 3,Cw 7 DR 4, DR X 
Bw35, Bw56 Cw 3,Cw 7 DR 4, DR X 
B 12, Bw59 Cw 1,Cw 3 DR 4,DR X 
Bw51,B X | Cw ILC X DR 2, DR 5 
Bw51, Bw55 Cw 1,Cw 3 DR 2,DR 3 
B 12, Bw5l | (Se, re Same. 4 DRw8, DR X 
B 7,B 12 CXC UX DR 2, DRw8 
B 7, Bw5] CXxX,C X DR 2, DRw8 
Bw35, Bw54 Cw 1,Cw 3 DR 2,DR X 
Bw35, B X CAO X DR 2, DR 3 
Bw60, B X Cw 1,Cw 3 DR 4, DRw9 
Bw5!1,B X Cw 3,C X DR 2, DRw9 

Continued 


and Cw7, were detected (Table I). The incidence of 
Cw7 in endometrial carcinoma was 17.6%, significantly 
higher than in the control group (2.1%). The Pc was 
<0.006 and the RR was 9.9. The incidence of the other 
three antigens (besides Cw7) was not significantly dif- 
ferent in endometrial carcinoma from that in the con- 
trol group. For the DR locus, the nine kinds of antigens 
shown in Table I, DRI, DR2, DR3, DR4, DR5, DRw6, 
DR7, DRw8, and DRw9, were detected. Among these 
antigens, only DRw8 showed a significant increase 
(31.1%) in endometrial carcinoma, while it remained 
12.6% in the control. The Pc was <0.009 and the RR 
was 3.1. All of the HLA typing data on each patient 
are presented in Table II. 

Relationship between Cw7 or DRw8 and associated 
complications in endometrial carcinoma. As stated, it 
is well known that patients with endometrial carcinoma 
frequently have diabetes mellitus, hypertensive disease, 
or are obese. We decided therefore to investigate the 
relationship between the finding of Cw7 or DRw8 and 
the three: frequent complications. Table III shows no 
correlation between the two factors. 
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Table II—Cont’d. 
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Age 


37 H. K. A 26,A X 
38 W. O. 3 A 26,A X 
39 K. F. 73 ' ÀA 2, Aw24 
40 T. F, 50 A 1i, Aw24 
4] S$- Y. 60 A 2, Aw24 
42 T. S. 48 A 2,A X 
43 K. O. 58 A 2A il 
44 H. A. 56 -A 2, Aw24 
45 EA.: 54 A 2,A X 
46 S. K. 45 À 26, Aw33 
47 A. C. 3] A 2, Aw24 
48 F. Y. 55 Aw24, A 26 
49 N. O. 45 ' Aw24, A 26 
50 N. T. 46 A 26,A 31 
51 K. N. 36 Aw33,A X 
52 U. O. 60 Aw24, Aw33 
53 T.S. 5] Aw24, A 26 
54 F. U. 54 A 2A 31 
55 I. N. 53 Aw24, A 26 
56 K. M. 50 A 2,A ll 
57 Y. M. 59 A 2, Aw24` 
58 S. 1. 55 Aw24, A X 
59 M. M. 64 A 2,A 26 
60 Y. T. 61 Aw?4, A 26 
61 T. O. 68 Aw24, A X 
62 GT: 57 A 11,A 31l 
63 U. K. 43 A 11, Aw33 
64 YK, 56 A 2,A 26 
65 K. O. 37 -A 11, Aw24 
66 K. O. 63 A 2A l 
67 K. K. 52 Aw24, A X 
68 M. T. 49 A ll, Aw24 
69 TS. 29 -A 2, Aw?4 
70 K.S. 58 A 2, Aw?4 
71 M. M. 55 A 2, Aw24 
72 CGE: 69 A 26,A 31 - 
73 TF: 56 A 11, Aw24 
74 Y. F. 52 A 2,A 26 


Table III. Correlation between positive 
findings of Cw7 or DRw8 and three associated 
complications in endometrial carcinoma 









Presence or 
absence of 
complications 








Positive for 
Cw7 or DRw& 


Negative for 
Cw7 or DRw8 





Total 


Present, 14 28 42 
Absent 16 6 32 
Total 30 d4 74 


The x? value was calculated from this 2 x 2 table. Result 


was not significant (x? = 2.093). 


Incidence of haplotypes of HLA. As shown. in Ta- 
ble IV, the incidence of some haplotypes of HLA in 
the endometrial carcinoma group and the control 
group’' was compared. The haplotype frequencies of 
Aw24-DRw8, A2-DRw8, and A2-Cw7 were 16.2%, 
17.6%, and 10.8%, respectively. The delta values show 
negative disequilibrium between Aw24 and DRw8 and 
positive disequilibrium between A2 and DRwé8 and also 
between A? and Cw7. These haplotype values showed 


B 12, Bw35 


B 7, Bw39 
Bw39, Bw60 
Bw51,B X 
Bw35, Bw62 
Bw35, Bw56 
Bw51,B X 
B 7,B 12 
Bw35, Bw6l 
Bw35, Bw6l 
Bw54, Bw6l 
Bw56, Bw6l 
Bw39, Bw60 
B 7, Bw6l 
Bw35, Bw62 
Bw52,B X 
Bw52, B X 
BX,B xX 
Bw52,B X 
B 7, Bw60 
Bw51, Bw60 
Bw59, Bw] 
Bw52, Bw62 
Bw61, Bw62 
B 12, Bw62 
Bw55, Bw6l 
Bw54, Bw62 
Bw54, Bw55 
Bw51, Bw52 
Bw51, Bw54 
B 7, BW48 
Bw54, Bw60 
Bw51, Bw52 
Bw60, Bw62 
Bw51,B X 
B 15, Bw62 


Cw 3,C X 
Cw 3,G X 
Cw 1,Cw 3 
Cw 7,C X 
CAO FX 
CwoleG X 
Cw 3, Cw 4 
Cw &, Cw 4 
Cw 1,Cw 7 
Cw 7,0 X 
Cw 3, Cw 7 
Cw 3,C X 
Cw 1,Cw 3 
Cw 3,C X 
Cw 7,C X 
Cw. 7,C X 
Cw 3,Cw 4 
GX4.C x 
GC XG X 
Cw 1,Cw 7 
Cw 3,C X 
Cw 3,C X 
G AG xX 
GACA 
Ow 3,C X 
Cw 4 CX 
Cw 4.C X 
Cw 1. Cw 7 
Cw 4,Cw X 
Cw 1,C X 
Gop, an Gage 
Cw ILC X 
Cw 7,C X 
Cw 3,C X 
Cw 3,C X 
Cw 1, Cw 3 
Cw 3, Cw 4 
CW 1.CW 3 


DRw9, DR X 
DR 2, DR 3 
DR 4, DRw8 
DR 1, DR X 
DR 2, DRw8 
DRw8, DRw9 
DR 2,DR 4 
DR 4, DRw9 
DR 3, DRw8 
DR 1,DR X 
DRw6, DR X 
DR 4, DRw9 
DR 7, DRw8 
DRw9, DR X 
DR 2, DRw9 
DR 1, DRw8 
DR 4, DRw9 
DR 2,DR 4 
DR 2, DRw8 
DR 4, DRw8 
DR 2, DRw8 
DR 1,DR 4 
DR 2, DRw9 
DR 4,DR X 
DR 2, DRw9 
DR 4,DR X 
DR 4, DRw8 
DR 4, DRw8 
DR 4, DRw9 
DR 4, DRw9 
DR 2,DR X 
DR 4, DRw9 
DR 2, DRw8 
DR 2, DR 5 
DR 2, DRw8& 
DR 2,DR 7 
DR 2,DR 3 
DR 5, DRw8 


Table IV. Haplotype frequencies in patients 





with endometrial carcincma 


Patients with carcinoma 


12/74 (16.2%) 





Haplotype Controls 


Aw24-DRw8 


HF 0.0370 0.0168 

D — 0.0265 — 0.0056 
A 2-DRw8 13/74 (17.6%) 

HF 0.0789 0.0205 

D 0.0430 0.0050 
A 2-Cw7 3/74 (10.8%) 

HF 0.0540 0.0007 

D 0.0285 — 0.0017 


HF = Haplotype frequency; D = delta value. 


a stronger linkage disequilibrium than the control 
values. 

A new classification of endometrial carcinoma 
based on HLA and associated complications. Accord- 
ing to the results obtained, patients with endometrial 
carcinoma can be classified into four groups on the basis 
of HLA typing. The first type, group A, is defined as 
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Group A Group B Group C- Group D 
Fig. 1. Histologic differentiation of endometrial carcinonia in the four groups. G1 = Well- 


differentiated adenocarcinoma. G2 = Moderately differentiated. adenocarcinoma. G3 = Poorly dif- 
ferentiated adenocarcinoma. 
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. Group A Group B Group c Group D 


Fig. 2. Clinical stages of four groups of patients with endometrial carcinoma. 


Table V. New classification of patients with endometrial carcinomia 













Associated No. of 
i d fe DRI patients Incidence 
l Cw7 andlor DRw8 (%) (%) (n = 74) 





3.3 30 40.5 


A 100 + 

B 0 100 7 28 37.8 
C 0 0 100 4 5.4 
D 0 0 0 12 16.2 
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women with Cw7 and/or DRw8. As shown in Table V, 
30 patients (40.5%) in the 74 cases of endometrial car- 
cinoma belong to this group. The age range of this 
group was 29 to 73 years, with a median of 53. The 
endometrial histologic evaluation showed 50.0% Gl, 
43.3% G2, and 6.7% G3 (see Fig. 1). Clinical stag- 
ing was as follows: Stage I, 53.3%: Stage II, 33.3%; 
Stage III, 13.3%; and Stage IV, 0% (Fig. 2). 

Type B endometrial carcinoma is often associated 
with complications such as diabetes mellitus, obesity, or 
hypertensive disease, but not with Cw7 and DRw8 an- 
tigens. The HLA that was characteristic of this type was 
a high frequency of Cw3 (67.9%) or DR3 (17.9%). 
Twenty-eight patients (37.8%) of the endometrial car- 
cinoma cases belong to this group (Table V). The age 
range was from 36 to 74 years, with a median of 57. 
The histologic types were 50.0% G_, 42.9% G2, and 
7.1% G3 (Fig. 1). Clinical staging was 64.3% in 
Stage I, 17.9% in Stage II, 14.3% in nee Ill, and 3.6% 
in Stage IV (Fig. 2). 

Type C endometrial carcinoma is hegative for Cw7 
and DRw8, with no specific complications and positive 
HLA-DRS5. The incidence of type C was 5.4% in 74 
patients with endometrial carcinoma (Table V). The 
age range was from 45 to 62 years, with a median of 
51. Histologic type in this group was 100% G1 (Fig. 1). 
Clinical staging was 100% Stage I (Fig. 2). 

Type D endometrial carcinoma is defined as the 
non-A, non-B, and non-C type, tha: is, negative for 
Cw7; DR5, DRw8 and no particular complications. 
Twelve (16.2%) patients with endometrial carcinoma 
belong to this type (Table V). The age range was 31 to 
72 years, with a median of 51. Histologic evaluation of 
this type showed 41. 7% G1, 41.7% G2, and 16.7% G3 
(Fig. 1). Clinical staging was as follows: Stage I, 75.0%; 
Stage II, 16.7%; Stage III, 8.3%; and Stage IV, 0% 
(Fig. 2). 


Comment 

In 1974 Simons et al.” reported that HLA-Bw46 had 
a substantial association with nasopharyngeal carci- 
noma; then the correlation between the HLA system 
and neoplastic diseases was reconsidered. Recently in 
the gynecologic field Sniecinski et al.’ reported a sig- 
nificantly increased frequency of Aw31 in 21.0% of 38 
patients with cervical carcinoma and of Aw23 in 17.6% 
of 17 patients with endometrial carcinoma. However, 
their report was based on only 17 cases of endometrial 
carcinoma, and there was a lack of investigation of the 
HLA-DR locus. 

In this extensive study of the correlation between 
HLA antigens and endometrial carcinoma, including 
the examination of HLA-DR locus antigens, it was 
clearly demonstrated that the frequency of Cw7 and 
DRw8 was significantly increased in Japanese patients 
with endometrial carcinoma, while no associated anti- 
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gens were detected in the HLA-A locus, including 
Aw25, and the B locus. These results, which demon- 
strated that no association was observed between the 
HLA-A and HLA-B loci and endometrial carcinoma, 
coincided with thé reports by Takasugi et al." and Ter- 
asaki et al." | 

Since the correlation between Cw7 or DRw8 and the 
three complications was not demonstrated (Table I), 
types HLA-Cw7 and HLA-DRw8 seem to be new, con- 
stitutional, previously unreported risk factors involved 
in endometrial carcinogenesis. 

A new classification of endometrial carcinoma based 
on both the HLA typing and the three associated com- 
plications was proposed according to the data obtained 
here. 


We thank Dr. Kazuo Miyanaga, M.D., Department 
of Psychiatry, Gunma University School of Medicine, 
for his kind guidance with the HLA research methods. 
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An evaluation of squamous cell carcinoma antigen in patients 
with cervical squamous cell carcinoma 


Elizabeth K. Senekjian, M.D.,* J. Maitland Young, Ph.D. Patricia A. Weiser, R.N., 
Cheryl Eck Spencer, M.S., Susan E. Magic, M.A., and Arthur L. Herbst, M.D. 


Chicago, Illinois 


In a prospective study, serum concentrations of squamous cell carcinoma antigen, a subfraction of tumor 
antigen (TA-4), were determined by radioimmunoassay from healthy donors, pregnant women, and 
subjects with various benign and malignant gynecologic diseases. Ninety-six percent of 99 healthy persons 
including all 52 female controls, the 15 pregnant patients, and all 23 subjects with benign gynecologic 
tumors, had squamous cell carcinoma antigen levels <2.0 ng/ml. Seven of 51 (14%) patients with cervical 
intraepithelial neoplasia and 16 of 24 (67%) patients with cervical squamous cell carcinoma had squamous 
cell carcinoma antigen levels >2.0 ng/ml. Declining and rising levels of squamous cell carcinoma antigen, 
which were determined sequentially in nine cases of cervical carcinoma that were associated with elevated 
pretreatment levels of squamous cell carcinoma antigen, correlated with regression and progression of the 
disease. Serial serum levels of squamous cell carcinoma antigen provide a noninvasive means of 
monitoring the effects of individual therapy in patients with cervical squamous cell carcinoma. (Am J 


Osster GYNECOL 1987;157:433-9.) 


Key words: Squamous cell carcinoma antigen, cervical squamous cell carcinoma, tumor 


antigen (TA-4) 


Tumor antigen (TA-4), a glycoprotein with a molec- 
ular weight of approximately 48 kilodaltons,' was iso- 
lated by Kato and Torigoe? from human cervical squa- 
mous cell carcinoma tissue. Elevated TA-4 levels, which 
were determined by radioimmunoassay, have been 
found in 55% of patients with cervical squamous cell 
carcinoma.’ Furthermore, fluctuations in TA-4 values 
have been found to correspond with tumor progression 
and regression.° 

‘Squamous cell carcinoma antigen, one of 14 subfrac- 
tions of TA-4, has been purified from cervical squa- 
mous cell carcinoma metastatic to the liver by a mod- 
ification of the method described by Kato and Torigoe.? 
Maruo et al.* recently reported significant elevations of 
antigen levels in Japanese patients with advanced cer- 
vical squamous cell carcinoma and normalization of 
levels after radical surgery or radiotherapy. 

The management of patients with cervical carcinoma 
is hindered by limitations in clinical staging, accurate 
assessment of response to therapy, and early detection 
of tumor recurrence. A reliable, noninvasive method 
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that overcomes these difficulties could allow for more 
timely alternative or additional therapy. 

In this study squamous cell carcinoma antigen values 
were determined in the sera of control subjects, preg- 
nant women, and persons with benign, premalignant, 
and malignant gynecologic tumors. Sequential levels of 
squamous cell carcinoma antigen were compared with 
the clinical course durin g therapy in a group of patients 
with cervical carcinoma: Similar studies were per- 
formed with CA 125 and carcinoembryonic antigen. 
The clinical use of the three markers in patients with 
cervical carcinoma was evaluated. 


Material and methods 


Sera were obtained from 99 apparently healthy per- 
sons, 52 women and 47 men, who ranged in age from 
22 to 56 years (median, 29 years) and 15 pregnant 
women. Pretreatment serum samples were collected 
from 23 patients with benign gynecologic diseases, in- 
cluding paraovarian cyst (one), mucinous cystadenoma 
(one), Brenner tumor (one), pelvic inflammatory dis- 
ease (four), endometrial hyperplasia (four), uterine 
leiomyomata (seven), and endometriosis (eight). Spec- 
imens were obtained prospectively from 51 patients 
with cervical intraepithelial neoplasia, 30 with cervical 
carcinoma, 11 with malignancies of the uterine corpus, 
four with ovarian adenocarcinoma, and eight with vag- 
inal or vulvar squamous cell carcinoma. The serum 
specimens were stored at — 20°C until assayed for squa- 
mous cell carcinoma antigen. Review of operative re- 
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Table I. Pretreatment detéction of serum 
squamous cell carcinoma antigen related to 
stage of cervical squamous cell carcinoma 


Total No. SCC level SCC range 
Disease stage Cases >2.0 ngiml (ng/ml) 


Stage 
I 8 4 0.3-5.4 
II 7 6 1.7-5.7 
IH 4 3 0.0-27.7 
Recurrence 5 3 1.7-265.4 
Total 24 16 0.0-265.4 


SCC = Squamous cell carcinoma antigen. 


ports, pathology reports, and examination of biopsy 
and/or surgical specimens confirmed diagnoses. 

Pretreatment sera were available from 24 cases of 
newly diagnosed and six cases of recurrent cervical car- 
cinoma. The median age of patients with cervical car- 
cinoma was 45 years. Histologic examination revealed 
that 24 lesions were squamous cell carcinomas and six 
were adenosquamous carcinomas: Stage was assigned 
according to the classification of the International Fed- 
eration of Gynecology and Obstetrics. Of the 24 newly 
diagnosed cases, 10 patients had Stage I disease, nine 
had Stage II, and five had Stage III, Multiple serum 
samples were collected from 16 patients with cervical 
carcinoma; 13 had cervical squamous cell carcinoma 
and three had cervical adenosquamous carcinoma. Tu- 
mor regression, stability, or progression was deter- 
_ mined by changes iri the dimensions of palpable masses 
or lesions detected by computed tomography or chest 
roentgenography. Tumor regression was defined as a 
50% or greater reduction in the sum of the products 
of the two greatest perpendicular dimensions of each 
measurable lesion. Tumor progression was defined as 
a 50% or greater increase in the result of the calculation 
described above or the appearance of any new lesion. 
Stable disease was defined as tumor behavior that did 
not meet either of these criteria. 

Serum determinations of squamous cell carcinoma 
antigen were performed in duplicate by means of the 
radioimmunoassay kit (Abbott SCC-RIA) available 
through Abbott Laboratories (North Chicago, Ill). 
Briefly, assay tubes containing 100 pl of samplé serum 
or standard squamous cell carcinoma antigen solution, 
200 pl of iodine 125—labeled squamous cell carcinoma 
antigen, and 100 wl of anti~squamous cell carcinoma 
antigen serum were incubated at room temperature for 
20 to 30 hours. Subsequently, 500 pl of second anti- 
body (goat antirabbit y-globulin) solution’ was added. 
The tubes were incubated at room temperature for 
10 minutes and then centrifuged at 3000 rpm for 
20 minutes at 4° C. The radioactivity in the pellet was 
counted. 
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Table IJ. Combination assay of squamous cell 
carcinoma antigen, carcinoembryonic antigen, 
and CA 125 in 30 patients with 

cervical carcinoma 


ET 


CEA + 
CA 125 + 10.0 3.3 
CA 125 — 3.3 | 10.0 

CEA — 

CA 125 + 6.7 0.0 
CA 125 — 36.7 30.0 


SCC = squamous cell carcinoma antigen; CEA = carcino: 
embryonic antigen. 


Pretreatment serum values of CA 125 and carci- 
noembryonic antigen were determined for each of the 
30 patients with cervical carcinoma. CA 125 levels were 
determiried by means of the Abbott CA 125 radio- 
immunoassay procedure. This method uses OC125 
monoclonal antibodies in a solid-phase immunora- 
diometric assay to measure the CA 125 antigen. A 
CA 125 value of 35 U/ml was considered the upper 
limit of the normal range. The carcinoembryonic an- 
tigen concentrations were determined with the Abbott 
CEA-—enzyme immunoassay monoclonal kit. Carcino- 
embryonic antigen values greater than 3.0 and 
5.0 ng/ml were considered abnormal in nonsmokers 
and smokers, respectively. The proportions of concen- 
trations of pretreatment serum squamous cell carci- 
noma antigen, CA 125, and carcinoembryonic antigen 
above the normal range in patients with cervical car- 
cinoma were compared by use of the z statistic for com- 
parison of proportions in paired samples.’ 


Results 


In 99 normal persons squamous cell carcinoma an- 
tigen levels ranged from <1.0 ng/ml to 3.2 ng/ml. 
Ninety-six percent of these healthy blood donors had 
squamous cell carcinoma antigen values <1.99 ng/ml, 
97% had levels <2.04 ng/ml, and 98% had values <2.40 
ng/ml. The mean squamous cell carcinoma antigen con- 
centration (1.24 ng/ml) plus two standard deviations 
(0.82 ng/ml) was computed to be 2.06 ng/ml. There- 
fore, when both values (2.04 and 2.06 ng/ml) were 
taken into consideration, a serum squamous cell car- 
cinoma antigen level of 2.0 ng/ml was designated to be 
the upper limit of the normal range. All 52 normal 
female subjects had squamous cell carcinoma antigen 
levels <2.0 ng/ml. 

None of the 23 patients with benign disorders of the 
female genital tract had elevated serum squamous cell 
carcinoma antigen levels (range, 0 to 1.9 ng/ml). All 15 
pregnant patients had serum squamous cell carcinoma 
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Fig. 1. Serial squamous cell carcinoma antigen (SCC) levels, response to therapy, and recurrence in 
a 30-year-old patient with a Stage HA cervical squamous cell carcinoma. The dotted iene denotes the 
upper limit for normal values of squamous cell carcinoma antigen, 2.0 ng/ml. 5FU = 5-fluorouracil; 


NEB = no evidence of disease. 


antigen levels <2.0 ng/ml (range, 0 to 1.7 ng/ml). El- 
evated squamous cell carcinoma antigen levels were de- 
tected in seven of 51 patients with cervical intraepithe- 
lial neoplasia I, II, or III (range, 2.9 to 9.1 ng/ml). Six 
of the 23 patients with newly diagnosed gynecologic 
malignancies other than cervical carcinoma had ele- 
vated squamous cell carcinoma antigen levels (range, 
2.1 to 66.6 ng/ml). Four of these latter six patients had 
squamous cell carcinomas of the vagina or vulva. 
Among the 30 patients with newly diagnosed or re- 
current cervical carcinoma, pretreatment squamous cell 
carcinoma antigen levels were <265.4 ng/ml. Seven- 
teen (57%) of the 30 patients had elevated serum squa- 
mous cell carcinoma antigen levels. Only one of six 
patients with a cervical adenosquamous carcinoma had 
a squamous cell carcinoma antigen level in excess of 
2.0 ng/ml; 16 (67%) of the 24 patients with cervical 
squamous cell carcinoma had elevated squamous cell 
carcinoma antigen levels. The distribution of serum 
squamous cell carcinoma antigen values by the stage of 
cervical squamous cell carcinoma is shown in Table I. 
Of the eight cases of cervical squamous cell carcinoma 
with pretreatment squamous cell carcinoma antigen 
values <2.0 ng/ml, six had a small tumor burden. The 
diagnosis of Stage IB occult disease was made by cer- 
vical conization in three patients. One patient with 
Stage IB disease had a 2 cm cervical lesion and micro- 


scopic metastases in two pelvic nodes. In a patient with 
a Stage IIIB squamous carcinoma, the 2 cm cervical 
tumor was associated with a 0.5 cm metastasis involving 
the urethral meatus. One patient with tumor recur- 
rence had two foci of microscopic disease in the cervix 
and vagina. In addition, four of seven patients with 
lesions 6 cm or greater in size had squamous cell car- 
cinoma antigen values in excess of 5.0 ng/ml. 
Pretreatment serum concentrations of CA 125 and 
carcinoembryonic antigen were determined for the 30 
patients with cervical carcinoma. CA 125 values ranged 
from 5.2 to 446.5 U/ml and were elevated in six (20%) 
patients. Carcinoembryonic antigen levels ranged from 
0.3 to 78.5 ng/ml and were elevated in eight (27%) sub- 
jects. Pretreatment squamous cell carcinoma antigen 
and carcinoembryonic antigen values were both ele- 
vated in four (13%) of the 30 patients (Table II). All 
three antigens were elevated in three (10%) patients and 
were within the normal range in nine (30%) patients. 
The proportion of patients with elevated pretreatment 
levels (57%) of squamous cell carcinoma antigen was 
significantly higher than the proportion having elevated 
carcinoembryonic antigen levels (27%) or CA 125 levels 
(20%) (p < 0.05). The number of patients having ele- 
vated carcinoembryonic antigen levels compared with 
elevated CA 125 levels was not significantly different. 
Serial serum samples were obtained from 16 patients 
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Fig. 2. Serum squamous cell carcinoma antigen values (solid circles) and carcinoembryonic antigen 
values (open circles) during therapy in a 51-year-old patient with a Stage IIIB cervical squamous cell 


carcinoma. The dotted line represents the upper limit 


for normal values of squamous cell carcinoma 


antigen (2.0 ng/ml) and carcinoembryonic antigen (5.0 ng/ml, smoker). P = Platinol; LV = 
leucovorin; SCN = supraclavicular adenopathy; RPN = retroperitoneal adenopathy, CT = com- 


puted tomography. See Fig. 1. 
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Fig. 3. Serum squamous cell carcinoma antigen concentrations {solid circles), carcinoembryonic antigen 


levels (open circles), and CA 125 levels (solid triangles) in 


a 42-year-old patient with a Stage IIIB cervical 


squamous cell carcinoma during irradiation and chemotherapy. SL = Staging laparotomy; MI = 
myocardial infarction; RCN = retrocrural adenopathy; MM = mediastinal mass; CEA = carcino- 


embryonic antigen. See Figs. 2 and 3. 


with cervical carcinoma. Three to 11 specimens were 
available for each patient over a 2- to 15-month period. 
Pretreatment squamous cell carcinoma antigen levels 
were <2.0 ng/ml in seven of the 16 patients; antigen 
values remained within the normal range in four, rose 


transiently during radiotherapy in two, and increased 
to 4.9 ng/ml in one case coincident with lung and su- 
praclavicular node metastases. 

Pretreatment squamous cell carcinoma antigen val- 
ues were elevated in nine of the 16 patients from whom 
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Fig. 4. Serial squamous cell carcinoma antigen levels during chemotherapy in a 32-year-old patient 
with recurrent cervical squamous carcinoma. HU = Hydroxyurea. See Figs. 1 through 3. 


serial serum samples were collected. Eight patients 
had cervical squamous cell carcinoma and one had 
adenosquamous carcinoma. Two patients, one with a 
Stage IB and the other with a IIA lesion, have com- 
pleted whole-pelvis external irradiation. Decline in 
squamous cell carcinoma antigen levels to <2.0 ng/ml 
occurred in both cases, at 11 and 27 Gy (1 Gy is equal 
to 100 rad), in association with regression of the visible 
and palpable tumor. 

Two patients with Stage IB and IIIA lesions remain 
clinically free of disease 10 and 15 months after the 
initial diagnosis. Squamous cell carcinoma antigen 
levels fell to <2.0 ng/ml after therapy and remained 
within the normal limits. In contrast, Fig. 1 shows re- 
elevation of squamous cell carcinoma antigen values in 
one patient 12 months after the diagnosis of a Stage 
IIA cervical squamous cell carcinoma; however, recur- 
rence could not be confirmed until 4 months after the 
elevated squamous cell carcinoma antigen level. 

Two subjects received radiation therapy for bulky 
(diameter >6 cm) Stage IIB and IIIB cervical tumors 
(Figs. 2 and 3). Metastatic disease involving the supra- 
clavicular nodes was confirmed 4 months after the ini- 
tial diagnosis in both patients. With the administration 


of chemotherapy, squamous cell carcinoma antigen val- 
ues decreased transiently in both patients and fell to 


_within the normal limits in one. Squamous cell carci- 


noma antigen values stabilized to levels approaching 
2.5 ng/ml in one patient and rose to a maximum of 
92.2 ng/ml in the other. Both patients died of disease 
10 months after the initial diagnosis. 

In two patients with recurrent cervical carcinoma, 
pelvic masses were detected at 19 and 34 months after 
radiotherapy for Stage IIB and IB lesions (Figs. 4 
and 5). In one case, serum squamous cell carcinoma 
antigen values fell from 265.4 ng/ml to 90.6 ng/ml (a 
level 45-fold greater than the reference value) after 
three courses of chemotherapy, coincident with tumor 
regression (Fig. 4). Squamous cell carcinoma antigen 
values increased and then fell to 51.4 mg/ml (a level 
26-fold greater than the reference value) in association 
with progression of disease. In the second case, squa- 
mous cell’ carcinoma antigen levels fell to <2.0 ng/ml 
after four courses of chemotherapy (Fig. 5) in associ- 
ation with stabilization of disease. Elevated squamous 
cell carcinoma antigen levels were observed 5 months 
before evidence of progression. 

Declining (Figs. 1 and 4) and rising (Figs. 2 
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Fig. 5. Serum squamous cell carcinoma antigen concentrations (solid circles) and carcinoembry- 
onic antigen (open circles) during chemotherapy in a 42-year-old patient with recurrent cervical 
adenosquamous carcinoma. The chemotherapy regimen was modified because of neurotoxicity. See 


Figs. ] through 4. 


through 5) squamous cell carcinoma antigen levels, re- 
spectively, corresponded with disease regression and 
progression. Elevated squamous cel: carcinoma antigen 
levels anteceded clinical evidence of disease progres- 
sion by 5 months in one case (Fig. 5) and antedated 
detectable recurrence by 4 months in another (Fig. 1). 
In one patient, three CA 125 values varied in parallel 
with paired squamous cell carcinoma antigen levels 
whereas the two antigens fluctuated in opposite direc- 
tions for four values (Fig. 3). All but two of 17 paired 
carcinoembryonic antigen and sqiamous cell carci- 
noma antigen levels (Figs. 2, 3, and 5) varied in the 
same direction. 


Comment 


Clinical trials by Japanese investigators have dem- 
onstrated good agreement between serum TA-4 values 
and the extent," ê prognosis,’ and progression’ of cer- 
vical squamous cell carcinoma. Normalization of TA-4 
levels was observed to occur within 7 to 14 days after 
radical hysterectomy." * Furthermore, elevated TA-4 
values preceded clinical evidence of recurrent disease 
by a mean of 3.6-months in 11 of 15 patients.’ 

Recently, Maruo et al.* reportec the usefulness of 
measuring the subfraction of TA4 in patients with 
cervical squamous cell carcinoma. In the Japanese pop- 
ulation, 52% of 73 patients had elevated squamous cell 
carcinoma antigen levels (>2.5 ngéml in the study by 
Maruo et al.’). A greater proportion of patients with 
advanced disease had elevated squamous cell carcinoma 


‘antigen levels relative to patients with early disease. 


Only 16% of Siage I versus 83% of Stage II tumors 
were associated with squamous cell carcinoma antigen 
values >2.5 ng/ml. Higher mean values of the antigen 
were reported in more advanced stage lesions. In ad- 
dition, squamous cell carcinoma antigen levels fell be- 
low the reference value within 72 hours of radical hys- 
terectomy in 15 of 16 patients, whereas in seven of eight 
subjects receiving radiotherapy, a transient rise in levels 
during the initial 20 Gy was followed by a decline to 
normal limits after 40 to 60 Gy.’ 

In this study, all 52 female donors, all 15 pregnant 
patients, and the 23 subjects with benign gynecologic 
disease had serum squamous cell carcinoma antigen 
levels <2.0 ng/ml. Therefore, consistently low levels of 
squamous cell carcinoma antigen were found in sera 
from healthy women and in patients with nonmalignant 
gynecologic tumors. Elevated pretreatment levels of 
squamous cell carcinoma antigen (>2.0 ng/ml in this 
study) were observed in 14% of 51 patients with cervical 
intraepithelial neoplasia and 67% of 24 patients with 
cervical squamous cell carcinoma. Squamous cell car- 
cinoma antigen levels exceeded 2.5 ng/ml in 12 (50%) 
subjects with cervical squamous cell carcinoma. These 
findings are consistent with earlier studies by Japanese 
investigators. However, the test is not suitable for 
screening persons for invasive cervical carcinoma, since 
elevated levels occur in cases of cervical intraepithelial 
neoplasia and values <2.0 ng/ml are seen in subjects 
with cervical carcinoma. 
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Elevated squamous cell carcinoma antigen values 
were detected in four of eight patients with vaginal or 
vulvar squamous cell carcinoma. Additional investiga- 
tion may demonstrate that the assay is useful in mon- 
itoring the clinical course of patients with these malig- 
nancies. 

Among the 30 patients with cervical carcinoma, pre- 
treatment squamous cell carcinoma antigen levels were 
elevated more frequently than were carcinoembryonic 
antigen levels (57% versus 27%); however, elevated car- 
cinoembryonic antigen values were associated with nor- 
mal squamous cell carcinoma antigen levels in 13% of 
these cases of cervical carcinoma. Therefore, carci- 
noembryonic antigen in conjunction with squamous cell 
carcinoma antigen determinations may be of value in 
monitoring patients with cervical carcinoma. Only 20% 
of patients had elevated CA 125 values, and in all pa- 
tients elevated levels were accompanied by elevated car- 
cinoembryonic antigen and/or squamous cell carci- 
noma antigen levels. No benefit was demonstrated for 
the assay of CA 125 in cases of cervical carcinoma. 

In general, good agreement was found between squa- 
mous cell carcinoma antigen values and regression, 
progression, and recurrence of cervical carcinoma. Ris- 
ing squamous cell carcinoma antigen values were as- 
sociated with tumor progression (Figs. 2 through 5) or 
recurrence (Fig. 1) and preceded clinical evidence in 
two patients by 4 and 5 months (Figs. 1 and 5). Per- 
sistently elevated levels of serum squamous cell carci- 
noma antigen have been consistently associated with 
limited survival. Declining squamous cell carcinoma 
antigen levels were observed in six of nine cases of 
cervical cancer in association with objective tumor 
regression (Figs. 1, 2, and 4). However, declining values 
may also accompany disease progression or stabilization 
(Figs. 2 through 5). Furthermore, a fall in squamous 
cell carcinoma antigen values to <2.0 ng/ml may not 
always coincide with a tumor-free state (Figs. 2 and 5). 

Elevated squamous cell carcinoma antigen values 
warrant thorough evaluation to delineate the presence 
and/or extent of disease. Rising squamous cell carci- 
noma antigen levels suggest the need for modification 
in the future course of therapy, namely, radical surgery 
and/or chemoradiotherapy for cure and/or discontin- 
uation of ineffective chemotherapeutic regimens to 
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avoid undue toxicity and permit the use of other agents 
for palliation. l 

Based on the few cases studied, rising levels of serum 
squamous cell carcinoma antigen appear to be predic- 
tive of progressive or recurrent disease while declining 
antigen values may coexist with regression, progres- 
sion, or stabilization of tumor. Despite documentation 
of a downward trend in squamous cell carcinoma an- 
tigen levels, a highly elevated absolute value, several 
times greater than the reference value of 2.0 ng/ml, 
suggests the presence of a significant tumor burden. 
Squamous cell carcinoma levels within the normal 
range do not exclude the presence of tumor. 

Although data from a larger number of cases of cer- 
vical carcinoma are necessary to establish guidelines for 
interpreting significant changes in serial levels of serum 
squamous cell carcinoma antigen, serum squamous cell 
carcinoma antigen determinations provide a noninva- 
sive means of monitoring individual therapy in patients 
with cervical squamous cell carcinoma. Serum squa- 
mous cell carcinoma antigen concentrations obtained 
at intervals during initial therapy and thereafter may 
be of value in detecting persistent, progressive, or re- 
current cervical carcinoma. 
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Neonatal auditory acuity following in utero vibratory 


acoustic stimulation 


G. Ohel, M.D., E. Horowitz, M.D., N. Linder, M.D., and H. Sohmer, M.D. 


Jerusalem, Israel 


The fetal heart rate response to externally applied vibratory acoustic stimulation is currently being 
evaluated as a test of fetal well-being. We have examined the safety of this procedure by subsequent 
testing of the auditory nerve and brain stem evoked responses in the neonates. The results demonstrated 
no differences in auditory acuity when control infants were compared with infants previously exposed to 
antenatal vibratory acoustic stimulation. (AM J OBSTET GYNECOL 1987;157:440-1.) 


Key words: Vibratory acoustic stimulation, neonatal auditory functioning 


The fetal heart rate (FHR) response to externally 
applied vibratory acoustic stimulation and its possible 
relevance to fetal well-being are currently being reeval- 
uated.'* The safety of antenatal vibratory acoustic stim- 
ulation in regard to subsequent néonatal auditory func- 
tioning has‘not been assessed carefully in the past. With 
this in mind, we have evaluatéd the auditory nerve 
and brain stem responses of neonates following their 
in utero exposure to vibratory acoustic stimulation. 

The recording of auditory nerve and brain stem 
evoked responses to auditory stimuli is being used for 
the diagnosis of conditions such as hearing loss and 
neurological disorders at all ages, including neonates.’ 
Details of the method were described. elsewhere. 
Briefly, the auditory stimuli were 10-second clicks, gen- 
erated in earphones, from 80 dB in intensity above the 
threshold of the normal adult population down to 
40 dB. 

The responses were recorded as ‘the „potential dif- 
ference between an earlobe and a scalp electrode: The 
electrical activity was filtered (bandpass: 200 to 2000 
Hz), amplified, and averaged by an average response 
computer (Microshev 2000). The auditory evoked po- 
tentials that are thus processed can determiné the elec- 
trical response of the auditory system from the cochlea 
to the rostral brain stem. In the present study, we have 
evaluated several indices of normalcy from such re- 
cordings: a screening procedure for threshold, taken 
as the presence of replicable auditory nerve and brain 
stem evoked responses at 40 to 50 dB and latency mea- 
sures of the auditory nerve and brain stemi evoked re- 
sponses to 80 dB clicks, including the latency of the 
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first wave that is generated in the auditory nerve and 
the brain stem transmission time, which is a measure 
of the time interval between the auditory, nerve re- 
sponse and a response from a more rostral region of 
the brain stem.’ 


Material and methods 


Forty healthy neonates were examined I to 2 days 
after normal term deliveries. Twenty, of these had'’been 
exposed to vibratory acoustic stimulation in labor. In 
the remaining cases, no such stimulation was received 
and these infants served as controls. For the stimula- 
tion, we have used a vibratory acoustic noise source, of 
a type used in some current clinical studies (Model 5B 
Electrolarynx, Western Electronic; audible sound 750 
to 1000 Hz, output intensity 110 dB, vibrations between 
110.and 200. Hz). Three stimulations of 5 seconds’ 
duration each were applied to the maternal abdomen 
overlying the fetal head, at the time of active labor. The 
FHR acceleration response was noted after each stim- 
ulation. 


Results 

The results of the neonatal auditory and brain stem 
évoked reponse studies are summarized in Table I. 
There were no differences in the first-wave latency 
times and the brain stem transmission times when the 
study and contro] neonates were compared (i test). In 
addition, both groups had similar auditory nerve and 
brain stem evoked response thresholds, which were 
never greater than 50 dB. 


Comment 


‘The presumed safety of fetal vibratory acoustic stim- 
ulation, which utilizes sound intensities of 110 dB, 
seems justified when the relatively high intrauterine 
background noise of about 70 dB-and the attenuation 
of extramaternal sounds are considered. The present 
study, by use of an objective and sensitive test method, 
demonstrates no untoward effects on the auditory 





Table I. Latency of auditory nerve response and brain stem transmission time in neonates after labor with 


and without vibratory acoustic stimulation 


Study group 


1.53 
5.71 


0.18 
0.28 


Latency of first wave 
Brain stem trans- 
mission time 


20 





*Student’s ¢ test. 


nerve and brain stem responses of neonates after in- 
trapartum vibratory acoustic stimulation. It is therefore 


felt that antepartum vibratory acoustic stimulation, as 


used in our study, is indeed a safe procedure. 
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-Breakage of a fetal scalp blade with retention of fragments in 






the infant’s scalp 


Boston, Massachusetts, and Atlanta, Georgia 


A term infant underwent scalp blood Sampling just prior to delivery because of fetal tachycardia. Afterward, 
a portion of the scalp blade tip was missing and was noted in two fragments on x-ray film. Because of 
concern about the difficulty of removal, the fragments were left in situ. The infant progressed well. (Am J 


Osstet GYNECOL 1987:157:441-2.) 


oe Key words: Fetal scalp blade, retained fragments, management 


As fetal scalp blood sampling has come into wider 
use for the assessment of fetal status during labor, com- 
plications of the procedure have been only infrequently 
reported. We would like to report a case of breakage 
of a fetal scalp blade with retention of the blade frag- 
ments in the infant's scalp. 

Case report 

A 3060 gm male infant was born to a 17-year-old, 


gravida 1, para 0 woman after an uncomplicated 
38-week pregnancy. Labor lasted approximately 18 
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Mean SD No. of 
(msec) {msec} neonates 
20 


i Phillip Nieburg, M.D., M.P.H., and Steven J. Gross, M.D. 


Neonatal auditory acuity after stimulation 










Control group 
Mean SD No. of 
Value (msec) (msec) neonates 
NS* 1.56 0.18 20 
NS* 5.71 0.27 20 
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hours. Because of an apparent fetal tachycardia (160 
to 190 bpm) noted after 12 hours of labor, membranes 
were ruptured and fetal blood for pH measurement 
was obtained by means of a scalp pH blade. At the 
termination of this procedure, a portion of the blade 
tip was noted to be missing. 

Remainder of the 18-hour labor and delivery was 
uncomplicated. Fetal pH was 7.31. Apgar scores were 
8 and 9 at 1 and 5 minutes, respectively, after a low- 
forceps vaginal delivery. Examination of the newborn 
infant was unremarkable. The scalp blood sampling 
site, although scabbed and easily visible, was not swollen 
or inflamed. | 


X-ray examination of the infant’s skull, performed ` 


because of concern about the fractured blade, disclosed ~ 
two radiopaque objects, each about 2 mm in longest 
dimension, lying over the right parietal bone, approx- 
imately 3 cm lateral to the sagittal suture (Fig, 1). One 











Fig. 1. X-ray film of infants skull demonstrating two radio- 
o paque blade fragments. 





32 5 cm and the other 3 cm posterior to the coronal 
„sütüre. A surgical consultant indicated that removal of 
these objects would be difficult and that, in view of their 
-apparently inert nature, no indication for their removal 
existed. The parents were so advised. 

_ The infant’s subsequent hospital course was unevent- 
ful; he was discharged with his mother on the fourth 
postpartum day. He was progressing well on follow-up 

at 3 months of age. 


Comment 
Although recommendations have previously been 
made for careful scalp blade inspection after use,’ we 








are unaware of previous published reports of retained 


blade fragments. | Ce ee 

However, retention of spiral scalp ‘electrode frag- E 
ments in the scalp was reported by Thoulon. and Gon- 
net.? A missing spiral electrode fragment was localized 
by x-ray film and removed with the infant under local 
anesthesia. Follow-up was uncomplicated. Lauritsen* 
reported a recurrent scalp abscess in a child admitted 
at 3 months of age. An 8 mm scalp electrode frag- 
ment, not previously noted to be missing, was removed 
at the time of abscess incision and drainage. oo 

An approach to the problem of retained blade frag- 
ment(s) other than that described above has been the 
gentle probing of the incision site with a small mosquito 
clamp to which has been applied a small magnet (such 
as that used to mix blood in a capillary tube). The 
magnetized probe may attract the metal fragment, 
which can then be gently lifted out of the scalp 
(Paul R, personal communication). 

Experience with our case confirms that careful in- 
spection of both fetal scalp blades and spiral electrodes 
is important after their use. In addition, evaluation of 
young infants with scalp abscesses should include x-ray 
examination for blade or electrode fragments if fetal 
scalp blood sampling or scalp electrode monitoring has 
occurred. 
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Review of causes of perinatal mortality in a regional perinatal 


center, 1980 to 1984 


Arne Ohlsson, M.D., Andrew T. Shennan, M.B., and Toby H. Rose, M.D. 


Toronto, Ontario, Canada 


During 1980 to 1984, 279 deaths occurred among 15,306 births in a regionai perinatal unit. Survival to 
discharge corrected for lethal malformations was 81% or better in infants with a birth weight above 749 
gm. Congenital malformations (23.2%), infections (21.3%), asphyxia (19.8%), and hyaline membrane 
disease (11%) caused most perinatal deaths. (AM J Osstet GYNECOL 1987;157:443-5.) 


Key words: Perinatal mortality review, congenital malformations, infections, neutropenia, 


neonate 


The purpose of this study was to review. all perinatal 
deaths in a regional perinatal unit to indicate areas for 
improvements and research. 


Material and methods 


The Perinatal Unit at Women’s College Hospital, To- 
ronto, Ontario, Canada, serves both as a community 
hospital and as a level III perinatal facility for the Cen- 
tral East Region of Ontario, which has approximately 
55,000 deliveries per year. Details of the perinatal man- 
agement in the unit have been published previously.’ 

All perinatal deaths occurring in 15,306 in-hospital 
births of >20 weeks’ gestation during 1980 to 1984 
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Fig. 1. Distribution of possibly avoidable early 


were reviewed. The cause of death was coded according 
to the International Classification of Diseases (ICD), 9th 
edition. The ICD code “extreme immaturity” was used 
only for appropriately grown neonates with a birth 
weight <600 gm, who died of a condition directly re- 
lated to immaturity. “Definite infection” was defined as 
a clinical picture compatible with severe infection and 
growth of bacteria or virus in blood, cerebrospinal 
fluid, or tissue material at autopsy or a microscopic 
diagnosis of pneumonia. “Probable infection” was de- 
fined as a clinical picture compatible with serious in- 
fection, bacterial colonization, and neutropenia (ma- ` 
ture neutrophils <1300/mm’) or leukocytosis (leuko- 
cytes >30,000/mm’) and no other obvious causes of 
death. The occurrence of air leaks (pneumothorax, 
pneumomediastinum, pneumopericardium) and car- 
diac dysrythmias were noted in all neonatal deaths. 


Results 


The birth weight distributions of live births, still- 
births, early neonatal deaths, late neonatal deaths, and 


E = Hyaline membrane disease 

a = infection 

M = Asphyxia 

B = Necrotizing enterocolitis 

B = Intra ventricular haemorrhage 
B = Anemia 
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neonatal deaths by gestational age (each square rep- 


resents one death). (Forty-three neonates with lethal congenital malformations, 24 with birth weight 
<600 gm, five with an “oligohydramnios sequence,” and four with severe nonimmune hydrops were 


excluded.) 
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Table I. Perinatal mortality at Women’s College Hospital, 1980 to 1934 


Birth weight 
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<=499 gm 300-749 gm 750-999 om 1000-1249 gm 1250-1499 gm 1500-1749 gm 


Live births 109 184 212 220 215 
Sullbirths 3 19 (1*) 10 (1) 7 7 (1) 7 (i) 
Total births 10 128 194 219 227 222 
Early neonatal deaths 7 (1) 49 (2) 33 (3) 20 (7) 11 (5) 8 (6) 
Late neonatal deaths © Q 6 2 5 (1) l 
Infant deaths 3 4 (1) I 3 (2) 
First-week survival (%) 0.0 55.1 82.1 90.6 95.0 96.3 
Survival to discharget 0.0 47.7 81.7 88.2 96.2 98.6 
*Figures in parentheses represent deaths from congenital malformations. 
fCorrected for lethal congenital malformations. 
Table II. Cause of death (perinatal and infant deaths) 
Early neonctal Late neonatal 
Stillbirths deaths deaths Infant deaths 
Congenital malformations 12.9 EN 7 31.8 7 43.8 
Definite infections 7 20.0 32 19.9 8 36.4 
Probable infections 9 ' 
Hyaline membrane disease 26 16.7 3 13.6 
Birth weight <600 gm (AGA) 24 15.4 
Asphyxia 38* 44.7 14 9.0 
Intraventricular hemorrhage 5 3.2 4 18.2 
Oligohydramnios sequence 5 aco 
Hydrops fetalis 3 3.5 4 2.6 
Other I 1.2 4 2.6 
Unknown 15 17.7 
Sudden infant death I 6.3 
Tracheal stenosis l 6.3 
Bronchopulmonary dysplasia 7 43.8 
Total 85 . 156 22 16 


*Abruptio placentae, n = 15; intrauterine growth retardation, n = 8; cord complication, n = 8; infant of diabetic mother, 


n = 1; other, n = 6. 


infant deaths and the survival rates are shown in Ta- 
ble I. The first-week survival rate increased from 15.6% 
below 600 gm to 71.4% in the 600 to 749 gm weight 
group. The distribution of early neonatal deaths that 
possibly could have been avoided according to gesta- 
tional age is shown in Fig. 1. Multiple birth was asso- 
ciated with 13.3% of all deaths. The main causes of 
perinatal deaths and infant deaths are shown in Ta- 
ble II. The autopsy rate was 70%. Thirty-eight percent 
of the stillbirths occurred in hospitalized mothers. Air 
leaks occurred in 25.3% of the neonatal deaths. Renal 
failure causing hyperkalemia and cardiac tachydys- 
rythmias occurred in 12.4% of early neonatal deaths 
<1000 gm. Early neonatal deaths from infections were 
associated with premature rupture of the membranes 
for >24 hours in 39% and infection in 67% of the 
mothers. Seventy-seven percent of the early neonatal 
deaths that were due to a definite infection involved 


neutropenia. Gram-negative bacteria were most com- 
monly isolated (34%). 


Comment 


Prevention of preterm birth and low birth weight 
remains the major challenge in reproductive medicine 
today as mortality is closely linked to immaturity and 
low birth weight (Table I, Fig. 1). Multiple births carry 
a high risk of perinatal death. Events such as intraven- 
tricular hemorrhage, air leaks, and dysrythmias sec- 
ondary to hyperkalemia often precede death in criti- 
cally sick neonates. 

The major cause of perinatal death was congenital 
malformation (23.2%). Many of these anomalies were 
detected antenatally, but very few conditions were po- 
tentially amenable to fetal operations. Elective abortion 
after early antenatal diagnosis is presently the only 
available approach to decrease this major cause of mor- 


Birth weight 


2000-2249 gm 2250-2499 gm 2500+ gm Total 
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1750-1999 gm 
220 272 
1 (1) 4 (1) 
221 276 
2 (2) 10 (9) 
4 (3) 
99.1 96.3 
99.5 99.6 


tality. Routine use of ultrasonography at 17 and 33 
weeks’ gestation in all pregnant women’ detects ‘not 
only congenital anomalies but also other conditions as- 
sociated with perinatal death such as multiple births 
and growth retardation. 

It has been argued that with the advent of intensive 
care, perinatal mortality has been improved by moving 
inevitable deaths into the infant age group. In this study 
only 6% of the deaths occurred between 28 days of life 
and discharge to home, and the survival rates to dis- 
charge were minimally affected by late neonatal deaths 
or infant deaths (Table 1). Given a birth weight of >749 
gm and no congenital malformations the chance of sur- 
vival to discharge to home was 81% or better. 

The second most common cause of perinatal death 
was infection (21.3%). Neutropenia, known to be as- 
sociated with poor outcome, occurred in 77% of the 
early neonatal deaths that were due to a definite in- 
fection. The incidence of maternal infection that was 
undetected prior to delivery was high in this group. 
Tests used so far to detect infectious morbidity in moth- 
ers with premature rupture of the membranes lack both 
sensitivity and specificity. 

Hyaline membrane disease, infection, and asphyxia 
were the main, possibly preventable deaths (Fig. 1). 
Only one neonate born after 28 weeks’ gestation died 
of hyaline membrane disease, but 10 died of infection. 
However, hyaline membrane disease remained the ma- 
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13,437 15,221 

6 (1) 21 (4) 85 

13,458 15,306 

15 (8) 156 

2 (1) 5 (5) 29 

1 (1) 16 
99.7 99.9 
99.9 99.9 


jor cause of possibly preventable neonatal death at ges- 
tational ages below this (Fig. 1). Hyaline membrane 
disease also caused late neonatal deaths and was the 
initial diagnosis in seven infant deaths that were due 
to bronchopulmonary dysplasia and in one infant death 
due to tracheal stenosis. Bronchopulmonary dysplasia 
was the major cause of possibly preventable infant 
deaths. 

This study represents a selected high-risk population 
of pregnant mothers admitted to a regional perinatal 
unit and should be complemented by an audit of all 
perinatal deaths in the geographic region served by the 
unit. Such an audit should also consider sociodemo- 
graphic factors influencing pregnancy outcome. Ran- 
domized controlled studies are needed to determine 
the effectiveness of new interventions to prevent 
and/or treat preterm delivery, premature rupture of 
the membranes, low birth weight, maternal-fetal bac- 
terial infections, hyaline membrane disease, and hy- 
perkalemia. 
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Mexiletine use in pregnancy and lactation 


Holly E. Lownes, M.D., and Timothy J. Ives, Pharm.D. 


Chapel Hill, North Carolina 


Treatment of arrhythmias during pregnancy is complicated by insufficient information on the effects of the 
drug on the fetus or possible alterations of the drug’s pharmacodynamics in the mother. The use of 
mexiletine, a newly introduced antiarrhythmic agent, during the entire course of pregnancy and subsequent 


lactation is presented. (Am J Osstet GYNECOL 1987;157:446-7.) 


Key words: Mexiletine, pregnancy, lactation, ventricular tachycardia 


The fact that women continue to take medications 
during pregnancy and lactation is not,a new observa- 
tion; however, data on such drug use are limited for 
most agents. Paucity of such information, particularly 
for newly marketed drugs, may severely limit the ther- 
apeutic prerogatives of a physician when caring for a 
pregnant patient. Use during pregnancy of mexiletine 
(Mexitil, Boehringer Ingelheim, Ridgefield, Connecti- 
cut), a recently introduced type Ib antiarrhythmic 
agent, has been reported only twice in the medical lit- 
erature.'* In neither case, however, was mexiletine ini- 
tiated prior to conception. We report on a patient who 
received mexiletine during the entire pregnancy and 
subsequent breast-feeding. 


Case report 


A 26-year-old woman, gravida 1, paro 0, presented 
at 13.5 weeks’ gestation for prenatal care. Her past 
medical history was significant for mitral valve pro- 
lapse, first diagnosed at age 13, and ventricular tachy- 
cardia with multifocal ectopic beats. Control was poor 
over the years with various combinations of quinidine, 
phenytoin, propranolol, disopyramide, and flecainide. 
At age 24, she was begun on a regimen of mexiletine 
(200 mg three times per day) and atenolol (50 mg per 
day). The mexiletine dose was subsequently titrated to 
250 mg three times per day; she remained on a regimen 

-of that and atenolol, 50 mg per day, throughout her 
conception, pregnancy, and postnatal course. 

Her prenatal course was complicated by two episodes 
of Escherichia coli urinary tract infections, both of which 
responded to ampicillin. There was a question of pos- 
sible intrauterine growth retardation at 34 weeks’ ges- 
tation, but this was not validated by two consecutive 
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ultrasound studies (there was symmetric body-head 
growth consistent with 33 weeks at 35 weeks 4 days by 
dates). However, the fetus was thought to be small for 
gestational age. During her pregnancy, there was no 
apparent change in her dysrhythmia. A 24-hour Holter 
monitoring at 15 weeks’ gestation showed two four-beat 
runs of ventricular tachycardia (145 to 225 bpm) with 
occasional to frequent multiform ventricular prema- 
ture beats, including rare triplets, occasional to fre- 
quent pairs, and some interpolated, intermittent bi- 
geminy and trigeminy. Furthermore, Holter monitor- 
ing revealed baseline ectopy and one four-beat run of 
ventricular tachycardia (110 bpm) at 24 weeks’ gesta- 
tion and one eight-beat burst of ventricular tachycardia 
(135 to 180 bpm) at 27 weeks. She continued to work 
until 35 weeks’ gestation. Throughout the course of 
pregnancy, the patient experienced no adverse effects 
that were thought to be attributable to mexiletine. 

At 39 weeks, she had premature rupture of the mem- 
branes. With epidural anesthesia and Pitocin induction, 
she had an uneventful 8.5-hour labor (6-hour first 
stage, 2.5-hour second stage) and vaginal delivery (no 
forceps required) of a healthy male infant with a birth 
weight of 2600 gm and Apgar scores of 9 and 10 at 
l and 5 minutes, respectively. Maternal cardiac moni- 
toring during labor and delivery revealed the baseline 
and/or decreased ectopy. Serum mexiletine levels of the 
mother on admission and the child 9 hours post partum 
were <0.2 and 0.4 pg/ml, respectively (normal thera- 
peutic range = 0.75 to 2.0 ug/ml). 

The baby had a normal newborn course with heart 
rates of 120 to 160 bpm. At 17 days of life, he weighed 
2155 gm and was feeding on breast milk only. It was 
felt that this was a case of failure to feed. With maternal 
education and formula supplementation, he regained 
his weight and had an acceptable growth curve. At 
3 months of age, breast-feeding was discontinued. At 
8 months, he was evaluated for seizure-like episodes. 
He had a normal neurological examination and a neg- 
ative eletroencephalogram, but was found to have gas- 
troesophageal reflux, which was diagnosed by an over- 
night pH probe and responded to corrective measures. 
He is currently 10 months old and in good health, with 
age-appropriate development. 
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Comment 


In most cases where atenolol has been used during 
pregnancy and the puerperium, the effects on the fe- 
tus, labor, and the neonate are minimal, although fetal 
bradycardia has been reported. Unlike atenolol, mex- 
iletine is lipid soluble and freely crosses the placenta. 
Mexiletine is also excreted into breast milk with a mean 
breast milk/plasma ratio of 1.45,’ indicating a higher 
drug concentration in milk than in the maternal 
plasma. Investigators' consider this concentration to be 
insufficient for measurement in the neonatal serum, 
but such was not the case in this patient. Although the 
American Academy of Pediatrics considers atenolol ac- 
ceptable for use during breast-feeding, no such rec- 
ommendation has as yet been made for mexiletine. Al- 
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ternatives to breast-feeding should be considered while 
the mother is receiving mexiletine. 

In our single experience, mexiletine did not appear 
to cause any long-term adverse consequences, but with 
the appearance of several disturbing situations (subop- 
timal growth during the first weeks post partum or 
failure to feed) clinicians should continue to exercise 
extreme caution with its use during pregnancy and lac- 
tation. 
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Vasopressin-induced bradycardia in fetal and adult sheep 
is not dependent on an increase in blood pressure 


Margaret A. Harper, M.D., and James C. Rose, Ph.D. 
Winston-Salem, North Carolina 


Other investigators have reported that intravenous infusion of synthetic arginine vasopressin into fetal 
lambs increases mean arterial pressure and decreases heart rate. To determine if the bradycardia 
produced by arginine vasopressin is a reflex response to the increase in blood pressure, we studied the 
effect of arginine vasopressin infusion on heart rate with and without blocking the increase in blood 
pressure. We performed 34 experiments in 12 chronically cannulated fetal lambs between 103 and 137 
days’ gestation. All animals had normal blood gas and pH values. infusion of arginine vasopressin 


increased mean arterial pressure 10.1 


+ 1.1 mm Hg and decreased heart rate 50 + 8 bpm. Fetal 


heart rate decreased similarly when arginine vasopressin was infused and the hypertensive 

response was blocked with nitroprusside or a selective vasoconstrictor antagonist’ 

[1-(8-mercapto-B, B-cyclopentamethylene proprionic acid) 2-(0- methyl) tyrosine] arginine vasopressin. For 
comparison we also studied five adult nonpregnant ewes. Bradycardia was Observed in the adults after 
infusion of arginine vasopressin alone and when the hypertensive response was blocked with the 
vasoconstrictor antagonist. We conclude that arginine vasopressin infusion causes a fall in heart rate 
independent of any increase in blood pressure. in both the fetal lamb and the adult sheep. (AM J OBSTET 


GYNECOL 1987;157:448-53.) 


Key. words: Vasopressin, baroreceptor response, fetal lamb 


Plasma concentrations of arginine vasopressin in 
sheep fetuses have been shown to be elevated in asso- 
ciation with hypoxia, hemorrhage, and hypotension.” 
Intravenous infusion of arginine vasopressin into the 
sheep fetus causes an increase in blood pressure, a 
decrease in heart rate, and a redistribution of blood 
Hlow.°* For these reasons, a role for arginine vasopressin 
in the fetal cardiovascular response to .intrauterine 
stress has been suggested. The increase in blood pres- 
sure is due at least in part to direct peripheral vaso- 
constriction. The mechanism of bradycardia has not 
been completely elucidated. Arginine vasopressin— 
induced bradycardia has been attributed to a direct 
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effect cf the peptide on the heart, a reflex response to 
the increase in blood pressure mediated by activation 
of the vagal efferents, inhibition of the cardioacceler- 
ator mechanism, or a direct central effect on the car- 
dioregulatory neurons.!° The effect of an intravenous 
infusion of arginine vasopressin on heart rate while the 
pressor response is controlled has not previously been 
reported in the fetus. The present study was designed 
to determine what role, if any, increased blood pressure 
has in arginine vasopressin—induced bradycardia in the 
fetal lamb and adult sheep. | 


Material and methods 


Animal preparation. We studied 12 chronically can- 
nulated fetal lambs between 103 and 137 days’ gestation 
and five adult nonpregnant ewes. Details of surgical 
procedures and animal maintenance have been de- 


` scribed.® Briefly, ewes were deprived of food for 48 


hours before operation. At operation the animals were 
anesthetized with ketamine and phenobarbital. In the 
pregnant ewes the uterus was exposed through a mid- 
line abdominal incision, the hind limbs of the fetus were 
delivered through a small uterine incision, and poly- 
vinyl catheters were placed in a peripheral artery and 
vein and advanced into the aorta and inferior vena cava. 
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Table I. Pretreatment heart rate, mean arterial pressure, and blood gas values (mean + SEM) 












Mean 
arterial 
pressure 





Heart rate 


Fetuses 
Arginine vasopressin 12 191 + 8 42.1 + 3.0 7.38 + 0.02 41.6 + 1.0 229 E7 
Arginine vasopressin + 12 195 +9 44.0 + 2.5 7.39 + 0.02 42.4 + 1.7 22.0 + 0.8 
vasoconstrictor antagonist 
Arginine vasopressin + 10 195-9 39.7 + 2.4 7.36 + 0.01 444 +19 20.1 + 1.0 
nitroprusside 
Adults 
Arginine vasopressin 6 64 + 4.2 70.2 + 4.4 7.44 + 0.05 33.9 = 1.33 101.9 + 8.64 
Arginine vasopressin + 6 80 + 5.3 75.5 £43 7.35 + 0.06 33.0 + 1.33 121.9 + 12.64 


vasoconstrictor antagonist 


An open-ended catheter was also inserted into the am- 
niotic cavity for intrauterine pressure measurements. 
The aorta and vena cava of the pregnant ewe were 
cannulated via the left mammary artery and vein and 
the femoral artery and vein in the nonpregnant ewe. 
All maternal and fetal lines were filled with sterile hep- 
arin, closed with metal plugs, and exteriorized through 
a separate stab wound in the ewe’s flank. The catheters 
were placed in a cloth pouch sutured to the ewe’s skin. 
Five hundred milligrams’ of kanamycin was adminis- 
tered into the amniotic cavity on the day of operation, 
for the next 4 days, and then every other day. The ewe 
was given Combiotic (Pfizer), 0.1 m} + kg~? intramus- 
cularly on the day of operation, the next 4 days, and 
then every other day. Fresh heparin was placed in the 
vascular catheters daily. The animals were maintained 
in mobile metabolic carts. 

Experimental protocol. All animals were allowed to 
recover at least 72 hours after operation before any 
experiments were undertaken. All experiments were 
done with the ewes awake and quiet. The vascular and 
amniotic catheters were opened and connected to Sta- 
tham pressure transducers for monitoring fetal (in the 
pregnant animals) and adult (in the nonpregnant an- 
imals) phasic systolic and diastolic blood pressures and 
amniotic: fluid pressures. Fetal and adult heart rates 
were obtained with cardiotachometers triggered by the 
arterial pulse wave. The pressures and heart rates were 
recorded continuously on a Beckman dynograph re- 
corder. The animals were allowed a minimum of 30 
minutes to acclimate to the experimental situation. All 
fetal arterial pressures reported below have been cor- 
rected for intra-amniotic pressure. 

There were three experimental protocols as de- 
scribed below. Ten fetuses were studied in all three 
protocols. Two additional fetuses were studied in two 
protocols. All five nonpregnant ewes were studied in 
protocols l and 2. Initial placement in protocol 1, 2, 
or 3 was random. A total of 34 experiments were per- 


formed in the 12 fetuses, and 12 experiments were 
done in the five adult nonpregnant ewes. All experi- 
ments in the same animal were separated by at least 48 
hours. Fetal weight was estimated according to the data 
of Joubert" for fetal weights at known gestational ages. 
Adult weight was obtained directly. Plasma vasopressin 
concentrations were measured by radioimmunoassay.” 

Protocol 1: Arginine vasopressin infusion. Arginine va- 
sopressin in sterile saline solution containing 0.1% bo- 
vine serum albumin was infused through a venous cath- 
eter at a rate of 8 ng kg`'min™! for 30 minutes. The 
infused volume was constant in all fetuses at 0.103 ml 
min`’ and in all adults at 0.76 ml min“'. Arterial blood 
(0.5 ml) was obtained just before'the start of the in- 
fusion and at the end of the infusion for determination 
of blood gas, pH, and hematocrit. Blood gases were 
measured with a Radiometér blood analyzer with the 
use of appropriate electrodes. Heart rate and blood 
pressure were recorded continuously for 30 minutes 
prior to the beginning of the infusion, throughout the 
infusion, and for 1 hour after completion of the in- 
fusion. : 

Protocol 2: Arginine vasopressin infusion after pretreat- 
ment with an arginine vasopressin antagonist. The same 
procedure as in protocol | was carried out except that 
the animals were pretreated with a selective vaso- 
constrictor antagonist [1-(6-mercapto-B,B-cyclopenta- 
methylene proprionic acid) 2-(0-methyl) tyrosine] ar- 
ginine vasopressin, 30 to 175 wg kg7!. The vasocon- 
strictor antagonist was given by intravenous bolus 15 
minutes before the start of the arginine vasopressin 
infusion. 

Protocol 3: Arginine vasopressin infusion with simulta- 
neous infusion of sodium nitroprusside to control blood pres- 
sure. The same procedure as in protocol 1 was carried 
out except that sodium nitroprusside (250 pg/ml) was 
infused through a second venous line simultaneously 
with the arginine vasopressin infusion. The rate of in- 
fusion of sodium nitroprusside was adjusted in each 
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Fig. 1. Fetuses. Top: Change in mean arterial pressure (MAP) 
(mean + SEM) with arginine vasopressin infusion alone 
(—o—) and with arginine vasopressin infusion after pretreat- 
ment with vasoconstrictor antagonist (—x—). Time error: 
F = 13.816, p = <0.001. Treatment error, F = 19.689, p = 
0.001. Bottom: Change in heart rate (mean + SEM) with ar- 
ginine vasopressin infusion alone (—o—) and with arginine 
vasopressin infusion after pretreatment with vasoconstrictor 
antagonist (—x—). Time error: F = 14.450, p = <0.001. 
Treatment error: F = 1.733, p = .219. 


animal to keep mean arterial pressure constant during 
the 30-minute arginine vasopressin infusion. Infusion 
rates ranged from 1.14 to 41.18 pg kg! m “Tan 

Data analysis. The change in mean ee pressures 
and heart rates were analyzed by use of two- -way analysis 
of variance with repeated measures design. Hematocrit, 
blood gas values, resting heart rates, -and mean arterial 
pressures were compared by means of the ¢ test. All 
values are recorded as mean + SEM. 
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Resuits 


In both the fetuses and adults, resting heart rate, 
mean arterial pressure, arterial blood gas values, and 
hematocrits were not different among the different 
treatment groups (Table I) except resting heart rate in 
the adult arginine vasopressin treatment group was 
lower than resting heart rate in the arginine vasopressin 
plus arginine vasopressin antagonist treatment group 
(p. = 0.035). Arterial blood gases and hematocrits did 
not change significantly during the infusions (data not 
shown). Plasma arginine- vasopressin levels in the fe- 
tuses increased from a resting control value of 5.2 + 
1.1 to 113.2 +, 40.7 pg ml`' at the end of the 30-minute 
infusion. "> 

When arginine vasopressin alone was infused in the 
fetuses; mean arterial pressure increased 10.1 + 1.1 
mm Hg (Fig. 1). Administration of the vasoconstrictor 
antagonist did not alter fetal resting mean arterial pres- 
sure but did attenuate the pressor response to arginine 
vasopressin. Two-way analysis of variance revealed a 
significant effect of time (p < 0.001) and a significant 
difference between the two treatment groups (p = 
0.001). 

With arginine vasopressin alone, heart rate fell 
50 + 8 bpm. The vasoconstrictor antagonist did not 
change resting fetal heart rate and after pretreatment 
with the antagonist arginine vasopressin still produced 
a profound bradycardia that was not different from 
that observed when arginine vasopressin was infused 
alone. 

When simultaneous infusions of sodium nitroprus- 
side and arginine vasopressin were given to 10 fetuses, 
mean arterial pressure actually fell at 5, 10, 15, and 30 
minutes (Fig. 2). By two-way analysis of variance, the 
change in mean arterial pressure was significantly dif- 
ferent when compared with that associated with argi- 
nine vasopressin alone (p = 0.001). Heart rate still fell 
in this group and was hot statistically different from 
the fall in heart rate with arginine vasopressin alone 
(p = 0.196). 

Six pairs of experiments were carried out in five adult 
nonpregnant ewes for comparison (Fig. 3). Mean ar- 
terial pressure increased 18.6 + 3.0 mm Hg with ar- 
ginine vasopressin alone. After pretreatment with the 
vasoconstrictor antagonist, the peak increase in mean 
arterial pressure was 4.1 + 1.6 mm Hg. Heart rate fell 
30 + 7 bpm with arginine vasopressin alone and 
18 + 5 bpm after pretreatment with the vasoconstric- 
tor antagonist. By two-way analysis of variance, there 
was a significant effect of time on mean-arterial pres- 
sure and a significant difference in the change in mean 
arterial pressure between the two treatment groups. 
There was also a significant effect of time on heart rate. 
There was no difference in fall in heart rate between 
the two treatment groups. 
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Fig. 2. Fetuses. Top: Change in mean arterial pressure (MAP) 
(mean + SEM) with arginine vasopressin infusion alone 
(—c-—) and with arginine vasopressin with nitroprusside 
(—x-—). Time error: F = 2.231, p = 0.05. Treatment error: 
F = 233.54, p = 0.001. Bottom: Change in heart rate (mean + 
SEM) with arginine vasopressin infusion alone (—o—) and 
with arginine vasopressin with nitroprusside (—x—). Time 
error: F = 10.020, p = 0.001. Treatment error: F = 0.553, 
p = NS. 


Comment 


Vasopressin increases arterial pressure and decreases 
heart rate when administered intravenously to fe- 
tuses.°* Various stressful stimuli cause an increase in 
plasma concentrations of arginine vasopressin in the 
fetus, and it has been suggested that arginine vaso- 
pressin is a mediator of bradycardia associated with 
fetal distress.” '* Our results demonstrate that, in both 
fetuses and adults, arginine vasopressin can produce 
bradycardia in the absence of an increase in blood pres- 
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Fig. 3. Adults. Top: Change in mean arterial pressure (MAP) 
(mean + SEM) with arginine vasopressin infusion alone 
(—11) and with arginine vasopressin infusion after pretreat- 
ment with vasoconstrictor antagonist (—x-—). Time error: 
F = 13.394, p = 0.05. Treatment error: F = 18.051, p = 
9.008. Bottom: Change in heart rate (mean + SEM) with ar- 
ginine vasopressin infusion alone (—O—) and with arginine 
vasopressin infusion after pretreatment with vasoconstrictor 
antagonist (—x—). Time error: F = 9.591, p = <0.001. 
Treatment error: F = 3.445, p = 0.121. 


sure. This indicates that the bradycardia produced by 
arginine vasopressin is not simply a reflex response to 
an increase in arterial pressure. The observation is com- 
patible with the report by Heyndrickx et al.” that ar- 
ginine vasopressin, unlike angiotensin, reduced heart 
rate after denervation of arterial baroreceptors in con- 
scious dogs. In addition, Varma et al.” also observed a 
pronounced bradycardia with arginine vasopressin in- 
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fusion in anesthetized dogs when systemic arterial pres- 
sure was controlled with a mechanical device. 

The mechanism whereby arginine vasopressin can 
decrease heart rate when arterial pressure is held con- 
stant is not clear; however, it is known that arginine 
vasopressin can decrease heart rate in dogs in which 
both vagi are cut.” This suggests that peripheral in- 
fusions of arginine vasopressin can decrease cardioac- 
celerator activity. Such an effect may be mediated cen- 
trally since arginine vasopressin admiristered into the 
fourth ventricle produces no change in blood pressure 
but a decrease in heart rate in anesthetized dogs.” 

Other possible mechanisms for the bradycardia as- 
sociated with increased levels of arginine vasopressin 
include a direct negative chronotrop:c effect on the 
myocardial cells or myocardial ischemia due to coro- 
nary constriction. Scott et al.’° found no significant dif- 
ferences between rat myocardial contraction frequency 
in tissue culture measured before and after addition of 
vasopressin. Myocardial blood flow in the fetal lamb 
has been reported to be unaffected during arginine 
vasopressin—induced bradycardia.’ 

Resting arginine vasopressin levels in the fetuses we 
studied (5.2 + 1.1 pg: ml’) were similar to those 
of previous reports (4.81 + 1.2 and 8.1 + 2.6 pg- 
ml~').°* The mean arginine vasopressin clearance cal- 


culated from eight fetuses was 74.8 ml- kg™'+ min™! 
and is also comparable to that of previous reports (60.5 
ml + kg~! + min™?).’ 


The increase in mean arterial pressure of 10.1 + 1.1 
mm Hg and the decrease in heart rate of 50 + 8 bpm 
with arginine vasopressin infusion in zhe fetuses are in 
agreement with the observations of others.** 

The percent changes in mean arterial pressure in the 
fetuses and adult ewes were similar (23.8 versus 26.5). 
However, the percent change in heart rate was 47.6 in 
the adults versus 26.2 in the fetuses. This suggests that, 
while there is no difference in relative responsiveness 
to the pressor effects of arginine vasopressin between 
fetus and adult, the fetus is less sensitive to the negative 
chronotropic effect of arginine vasopressin. The adult 
animal is better able to maintain cardiac output by in- 
creasing stroke volume when heart rate falls than is the 
fetus.” This relative decrease in sensitivity may there- 
fore be protective for the fetus. 

Mirro et al." observed that nitroprusside infusion in 
newborn lambs caused no change in heart rate while 
producing a significant decrease in mean arterial pres- 
sure. Nitroprusside causes an increase in heart rate in 
humans when used to control blood pressure’? and has 
been shown to have no direct cardiac effects in dogs.” 
We therefore conclude that the bradycardia observed 
in these ovine fetuses given nitroprusside and arginine 
vasopressin simultaneously was an effect of arginine 
vasopressin. 


OA Ae «UO ee n a 


August 1987 
Am J Obstet Gynecol 


In both the fetal and adult sheep the bradycardia 
produced by arginine vasopressin was not blocked by 
the vasoconstrictor antagonist. In contrast, Schwartz 
et al.” found in unanesthetized dogs that arginine va- 
sopressin in the presence of the vasoconstrictor antag- 
onist caused an increase in heart rate. They used a 
higher dose of arginine vasopressin (10 ng-kg™': 
min~' for 60 minutes versus 8 ng - kg~'- min“! for 30 
minutes] and a smaller dose of the vasoconstrictor an- 
tagonist (10 versus 30 to 175 ug: kg’). The pressor 
response was blocked in their animals with the vaso- 
constrictor antagonist. The differences in observations 
are probably due to species differences. It would ap- 
pear that while in dogs the antidiuretic activity of ar- 
ginine vasopressin produces cardiovascular effects op- 
posite those produced by its vasoconstrictor action, this 
is not the case in sheep. 

There was no significant effect of the vasoconstrictor 
antagonist on blood gas values, heart rate, or mean 
arterial pressure, indicating that vasopressin probably 
does not play a major role in circulatory regulation in 
the resting state. 


REFERENCES 


1. Rurak DW. Plasma vasopressin levels during hypoxaemia 
and the cardiovascular effects of exogneous vasopressin 
in foetal and adult sheep. J Physiol (Lond) 1978;277:341. 

2. Daniel SS, Stark RI, Zubrow AB, Fox HE, Husain MK, 
James LS. Factors in the release of vasopressin by the 
hypoxic fetus. Endocrinology 1983;113:1623. 

3. Alexander DP, Britton HG, Forsling ML, Nixon DA, Rat- 
cliffe JG. Pituitary and plasma concentrations of adreno- 
cor-icotrophin, growth hormone, vasopressin, and oxy- 
tocin in fetal and maternal sheep during the later half of 
gestation and the response to hemorrhage. Biol Neonate 
1974;24:206. 

4. Drummond WH, Rudolph AM, Keil LC, Gluckman PD, 
MacDonald AA, Heymann MA. Arginine vasopressin and 
prolactin after hemorrhage in the fetal lamb. Am J Physiol 
1980;238(Endocrinol Metab ]):E214. 

5. Rose JC, Meis PJ, Morris M. Ontogeny of endocrine 
(ACTH, vasopressin, cortisol) response to hypotension in 
lamb fetuses. Am J Physiol 1981;140(Endocrinol Metab 
3):E656. 

6. Iwamoto HS, Rudolph AM, Keil LC, Heymann MA. He- 
modynamic responses of the sheep fetus to vasopressin 
infusion. Circ Res 1979;44:430. 

7. Wiriyathian S, Porter JC, Nadan RP, Rosenfeld CR. Car- 
dicvascular effects and clearance of arginine vasopressin 
in the fetal lamb. Am J Physiol 1983; }245(Endocrinol Me- 
tak 8):E24. 

8. Tomita H, Brace RA, Chung CY, Longo LD. Vasopressin 
dose response effects on fetal vascular pressures, heart 
rate and blood volume. Am J Physiol 1985;249(Heart Circ 
Physiol 18):H974. 

9. Schmid PG, Abboud FM, Wendling MG, et al. Regional 
vascular effects of vasopressin: plasma levels and circu- 
latory responses. Am J Physiol 1974;227:998. 

10. Varma S, Jaju BP, Bhargava KP. Mechanism of vasopres- 
sin-induced bradycardia in dogs. Circ Res 1969;24:787. 

11. Joubert DM. A study of prenatal growth and development 
in the sheep. J Agric Sci 1956;47:382. 

12. Rose J, Morris M, Meis P. Hemorrhage in newborn lambs: 
effects on arterial blood pressure, ACTH, cortisol and 
vasopressin. Am J Physiol 1981;54:E585. 


Volume 157 
Number 2 


13. Parboosingh J, Lederis K, Singh N. Vasopressin concen- 
tration in cord blood: correlation with method of delivery 
and cord pH. Obstet Gynecol 1982;60:179. 

14. Heyndrickx GR, Boettcher DH, Vatner SF. Effects of an- 
giotensin, vasopressin and methoxamine on cardiac func- 
tion and blood flow distribution in conscious dogs. Am J 
Physiol 1976;231:1579. 

15. Cowley A, Merrill D, Osborn J, Barber BJ. Influence of 
vasopressin and angiotensin on baroreflexes in the dog. 
Circ Res 1984;54:163. 

16. Scott JA, Konstam M, Kolodny GM. Absence of a direct 
chronotropic effect of vasopressin on the myocardial cell. 
Pharmacology 1982;24:57. 

17. Heymann MA. Fetal cardiovascular physiology. In: Creasy 
RK, Resnik R, eds. Maternal-fetal medicine: principles 
and practice. Philadelphia: WB Saunders, 1984:265-7. 


AVP-induced bradycardia in fetal and adult sheep 


18. Mirro R, Milley JR, Holzman IR. The effects of sodium 
nitroprusside on blood flow and oxygen delivery to the 
organs of the hypoxemic newborn lamb. Pediatr Res 
1985;19:15. 

19. Fremes SE, Weisel RD, Mickle DA, et al. A comparison of 
nitroglycerin and nitroprusside. I. Treatment of post- 
operative hypertension. Ann Thorac Surg 1985;39:53. 

20. Chiba 5, Kozu TM, Watanabe H. Analysis of cardiac action 
of nitroprusside in intact dogs and isolated atria. Jpn 
Heart J 1982;23:613. 

21. Schwartz J, Liard JF, Ott C, Cowley AW. Hemodynamic 
effects of neurohypophyseal peptides with antidiuretic ac- 
tivity in dogs. Am J Physiol 1985;249(Heart Circ Physiol 
18):H1001. 





In vivo and in vitro modulation of growth hormone and 
prolactin of a mixed somatotropic-lactotropic 


pituitary microadenoma 


Eberhard K. Muechler, M.D., Ko-En Huang, M.D. Joseph V. McDonald, M.D., and 


Loretta Tang, Ph.D. 
Rochester, New York 


Both in vivo and in vitro responses of prolactin and growth hormone to stimuli were studied in an 
acromegalic, amenorrheic woman with a chromophobe adenoma of the pituitary gland. Preoperative 
testing revealed a prolactin rise after thyrotropin-releasing hormone and chlorpromazine and a decline after 
L-dopa and bromocriptine administration. During 3.5-hour incubations, cultured tumor cells produced 
significant increases of growth hormone and prolactin after dibutyryl adenosine 3’,5’'-cyclic monophosphate 
stimulation, while bromocriptine inhibited both hormones. (Am J OBsTET GYNECOL 1987;157:453-5.) 


Key words: Mixed pituitary microadenoma, acromegaly, amenorrhea, growth hormone, 


prolactin 


Recent studies have shown that hyperprolactinemia 
is found in 42% to 70% of all acromegalic patients. We 
observed a young woman with amenorrhea, headaches, 
increase in hand and foot size, and coarsening of facial 
features caused by a mixed pituitary microadenoma 
that produced both prolactin and growth hormone. 


Case report 


A 32-year-old, gravida 2, para 2 woman was referred 
because of secondary amenorrhea of 7 years’ duration. 
She complained of occasional episodes of headaches 
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and denied galactorrhea. For the last 2 years prior to 
referral the weight of the woman increased by 20 
pounds, height increased by 2 inches, and shoe size 
increased by two numbers. Facial features were coarse 
and puffy. Watery fluid could be expressed from the 
left breast. Baseline laboratory studies included: pro- 
lactin, 81 ng/ml (normal 0 to 35 ng/ml); thyroxine, 9.7 
wg/dl (normal 5 to 13 wg/dl); thyroid-stimulating hor- 
mone 3.3 pU/mi (normal 1 to 10 U/ml); growth 
hormone, 13 ng/ml (normal 0 to 11 ng/ml); follicle- 
stimulating hormone, 4.8 mIU/ml (normal 2 to 20 
mlU/ml); luteinizing hormone, 11.6 mIU/ml (nor- 
mal 4 to 30 mIU/ml). Polytomography of the sella tur- 
cica and computed tomographic scanning showed a 
markedly enlarged volume with cortical erosion and 
severe slanting of the left sella floor. Visual field ex- 
amination was normal. Three months later the patient 
underwent transsphenoidal removal of a pituitary 
chromophobe adenoma with a focal acidophilic com- 
ponent. Four weeks after operation a weight loss of 11 
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Fig. 1. Responses of prolactin (PRL) and growth hormone (GH) to thyrotropin-releasing hormone 
(e——-), bromocriptine (A- - - - A), L-dopa (4- - - - A), and glucose (£ - - - D). The response to chlor- 
promazine was tested for prolactin only (o—o). * = Statistically significant difference (p < 0.05). 
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Fig. 2. Effect of thyrotropin-releasing hormone (TRH), 
somatostatin (SRIH), and dibutyrylcyclic adenosine mono- 
phosphate (dbcAMP) on prolactin (PRL) and growth hormone 
(GH) release by cultured cells. Day 4 cultures were incubated 
for two consecutive 3.5-hour periods. The initial incubation 
was in Dulbecco’s modified Eagle’s medium alone (control); 
the subsequent incubation was in Dulbecco’s modified Eagle’s 
medium containing 10 nmol/L thyrotropin-releasing hor- 
mone, 10 nmol/L somatostatin, or 10 nmol/L dibutyrylcyclic 
adenosine monophosphate, * = Significantly different from 
control period (p < 0.05). Dotted line indicates sensitivity of 
assay. ND, Not detectable. 


pounds was observed, in addition to decreased puffi- 
ness of the face and all extremities and absence of head- 
aches. Laboratory data were repeated at this time: 
growth hormone, 4.3 ng/ml; prolactin, 54 ng/ml; thy- 
roxine, 9.5 g/dl; thyroid-stimulating hormone, 3.1 
U/ml; follicle-stimulating hormone, 7 mIU/ml; lu- 
teinizing hormone, 6.3 mIU/ml. Seven months after 
operation amenorrhea was persistent. Headaches were 
lower in frequency and diminished in intensity when 
compared with those of the preoperative period. Pro- 
lactin had decreased further to a level of 30 ng/ml and 
growth hormone was not detectable. 


Material and methods 


On four consecutive days the patient was given test 
substances after an overnight fast. Serial blood samples 
were collected through an indwelling polyethylene 
catheter at 0, 30, 60, 120, 180, and 240 minutes after 
100 gm of glucose was given orally. Blood samples were 
collected at —15, 0, 30, 60, 120, and 180 minutes 
after 500 mg of L-dopa orally, 0.5 mg of thyrotropin- 
releasing hormone intravenously, 2.5 mg of bromo- 
criptine orally, and 25 mg of chlorpromazine intra- 
muscularly. Growth hormone, prolactin, and thyroid- 
stimulating hormone were measured by established 
radioimmunoassays in the clinical laboratory of Strong 
Memorial Hospital in Rochester, New York. A portion 
of the removed pituitary gland was used to prepare 
monolayer cultures as described previously.’ Concen- 
trations of prolactin and growth hormone in the 
incubation media were determined by the double- 
antibody method of radioimmunoassay with materials 
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Fig. 3. Effect of bromocriptine (BEC) on prolactin (PRL) and growth hormone (GH) release by 

cultured cells. Day 14 cultures were incubated for two consecutive 24-hour periods. The initial 
control incubation was in Dulbecco’s modified Eagle’s medium supplemented with sera (10% horse 
serum, 5% fetal calf serum); the subsequent incubation was in the serum. containing Dulbecco's 
modified Eagle’s medium plus a e (2.5 pg/ml). 


provided by the National Pituitary Agency, National 
Institutes of Health. Specific antibodies for prolac- 
tin and growth hormone were AFP-Ab-hRPL#1 and 
NIAMD-A-hGH (guinea pig), respectively. 


Results 


The in vivo response of thyroid-stimulating hormone 
to thyroid-releasing hormone was normal (baseline 
thyroid-stimulating hormone, 1.2 ~U/ml; peak thyroid- 
stimulating hormone, 9.6 U/ml after 30 minutes). All 
other in vivo results are summarized in Fig. 1. Cell cul- 
tures of tumor tissue were established and exposed to 
somatostatin, thyrotropin- releasing hormone, dibutyr- 
ylcyclic adenosine monophosphate, and bromocriptine. 
In vitro responses of prolactin and growth hormone to 
various agents are summarized i in Figs. 2 and 3. 


Comment 


This study correlates in vivo and in vitro testing of 
pituitary function in a young woman with acromegaly 
and amenorrhea due to a mixed pituitary microade- 
noma. There was no change in growth hormone levels 
in vivo in response to L-dopa, bromocriptine, thyrotro- 
pin-releasing hormone, and glucose tolerance testing. 
Several other studies have shown that growth hormone 
is suppressed i in acromegalic subjects by dopaminergic 
agonists such as L-dopa and bromocriptine. The known 
suppressive effect of dopaminergic drugs has led to 
long-term treatment with bromocriptine as an accept- 
able choice for treating acromegaly. The clinical and 
biochemical responses to surgical tumor ablation were 


_ Satisfactory. The preoperative in vivo response of 


growth hormone and prolactin to stimuli was compared 
to in vitro responses of cultured cells. We observed a 
more consistent response of lactotropic cell function 
than of: somatotropic cell function. While dibutyryl- 


cyclic adenosine monophosphate exhibited stimulating 


effects on prolactin and growth hormone in the cul- 
tured tumor cells, bromocriptine inhibited both hor- 
mones. Thyrotropin-releasing hormone stimulated re- 
lease of prolactin and growth hormone only slightly 
(difference not statistically significant). A slight sup- 
pressive response to somatostatin. was observed for 
prolactin only. Lamberts et al.? have demonstrated 39% 
inhibition of growth hormone by somatostatin in 12 of 
15 pituitary tumor cell cultures from acromegalic 
subjects. l 

Several factors, such as a difference in dose, absorp- 
tion, metabolic clearance, and duration of testing, may 
explain the discrepancy between the absence of a 
growth hormone response to stimuli i in vivo and the 
presence of a selective response in vitro. 
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Local cerebral glucose utilization 1n fetal sheep exposed 


to noise 
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Rate of local cerebral glucose utilization in fetal sheep was measured in conditions of normal laboratory 
ambient sound (65 to 70 dB sound pressure levels) and broadband noise (105 and 120 dB sound 
pressure levels) delivered by two earphones situated on the abdominal surface of the ewe. Broadband 
noise had neither a visible effect on the ew2 nor-specific effects on the fetal arterial pH, Pao,, Paco, and 
plasma glucose concentration. However, glicose utilization of many cerebral structures was elevated in 


noise-exposed fetuses. (AM J OBSTET GYNECOL 1987;157:456- 60.) 
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The effect of environmental sound on the human 
fetus in utero is of widespread interest. Developmental 
biologists speculate that prenatal auditory experiences 
have subtle but far-reaching implications in human 
postnatal speech recognition and behavioral matura- 
tion.’ Conversely, among public health specialists there 
is concern about the possible deleter.ous effects on fe- 
tuses from noise in the workplace. Broadband noise 
applied to the anterior abdominal wall of pregnant 
women can result in increased fetal heart rate,’ blink- 
startle reflexes,‘ and fetal movemerts that persist be- 
yond the period of sound stimulaticn.? o 

In an earlier study we measured :he energy metab- 
olism of the fetal. sheep- brain in normal laboratory 
sound conditions.’ Of all the cerebral structures ex- 
amined, the brain stem auditory nuclei and pathways 
had some of the highest rates of glucose utilization. We 
inferred from these clinical and animal findings above 
that sound is likely to be a major sensory ipur for the 
fetus. 

The link between cerebral activity evoked by a spe- 
cific sensory input and the metabolic rate of the specific 
structures and pathways involved in processing the 
stimulus is well understood in animals postnatally.” 
Apart from one study® of carbon 14~—labeled deoxyglu- 
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cose in central auditory structures in gerbils at various 
times after birth, there is littl known about the met- 
abolic correlates of function in these structures during 
their ontogeny. 

In the present study we measured fetal local cerebral 
metabolism during the application of intense broad- 
band noise applied by earphones to the shaved abdo- 
men of the pregnant ewe. The aim was to determine 
if the metabolism in the central auditory pathway was 
increased above its already high level. An unexpected 
finding was the metabolic activation of some nonau- 
ditory structures, suggesting a diffuse activation of the 
developing brain by acoustic stimull. 


Methods 


Fifteen pregnant, grade Western ewes at 130 to 135 
days of gestation were anesthetized with halothane. 
Catheters were placed in the fetal brachiocephalic ar- 
tery and superior vena cava and in the maternal iliac 
artery and inferior vena cava as previously described.’ 
Ewes were cart trained during the daily removal and 
reinstillation of heparin (500 U/mi) in the catheters. 

On the day of the experiment to measure local ce- 
rebral glucose utilization in fetuses, an experimental . 
ewe and a companion ewe were placed in carts and 
wheeled to an adjacent empty room. Each of the eight 
sound-exposed animals was fitted with a 3-inch-wide 
folded sheet encircling the abdomen and flanks. 
The sheet contained two TDH-39 earphones (Royal 
Industries, Phoenix, Arizona) spaced 6 inches on either 
side of the ventral midline at the level of the anterior 
aspect of the thigh. Earphones and amplifiers were cal- 
ibrated with a standard NBS 9A coupler and B & K 
pressure microphone (Bruel & Kjaer, Marlborough, 
Massachusetts) to produce broadband noise at inten- 
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sities of 105 and 120 dB sound pressure level (refer- 
enced to 20 Pa). The spectrum was flat to 6000 Hz 
and began to roll off at approximately 26 dB per octave 
above that frequency. The sound-exposed animals and 
seven unfitted control animals stood quietly during a 
92-hour preexposure period. 

Control samples of fetal and maternal arterial blood 
were drawn for analyses of glucose concentrations, 
background carbon 14 levels, Po,, Pco,, pH, and he- 
matocrit. Earphones were then activated. Five minutes 
later, at time zero, 200 to 300 pCi of 2-deoxy-p- 
[“C]glucose ({“C]DG), specific activity 50 to 56 wCi/mol 
(American Radiolabeled Chemicals Inc., St. Louis, Mis- 
souri), in 2 to 3 ml of physiologic saline solution, 
warmed to body temperature, was injected into the fetal 
venous catheter (dead space, 0.6 ml) over 15 to 30 sec- 
onds. The injection was followed by a 2 ml flush of 
saline solution over 10 to 20 seconds. Sampling from 
the fetal arterial catheter was begun at time zero: Usu- 
ally five samples of 0.6 ml each were taken during the 
first minute to characterize the plasma [“C]DG levels 
that increased and decreased rapidly during and after 
infusion. Approximately eight additional blood sam- 
ples were taken at increasing intervals for 40 minutes, 
after which time the sound was turned off and both 
fetus and ewe were deeply anesthetized with barbitu- 
rate and then killed with an intravenous injection of 
saturated potassium chloride. The deep vaginal tem- 
perature of the mother was measured immediately. 

The fetal brain was removed as quickly as possible, 
frozen in Freon XII at —50° C, and stored at — 80° C. 
Plasma glucose concentration arid plasma carbon 14 
levels were measured according to published proce- 
dures.® A computer program (provided by Drs. L. So- 
koloff and C. Kennedy, National Institute of Mental 
Health) was used to calculate the final tissue [“C]DG 
and the final integrated tissue-specific activity for both 
gray and white matter. 

Brains were sectioned at 20 pm in a Bright cryostat 
(Bright Instrument Company, Limited, Huntingdon, 
Combs, England). The distance advanced during a cut- 
ting cycle was verified by micrometry. Three consecu- 
tive sections out of 28 were mounted on coverslips, 
dried immediately, and exposed along with National 
Institute of Mental Health standardized, carbon 14 in- 
corporated plastic discs (Amersham Corp., Arlington 
Heights, Ilinois) to Kodak SB-5 film for 7 days. The 
density of brain structure and discs was determined 
with a densitometer equipped with a 0.5 mm aperture 
(Sargent-Welch Scientific Co., Skokie, Illinois). 

Homogeneity of densities within many structures, for 
example, in the hypothalamus, mamillary body, cau- 
date, putamen, superior colliculus, lateral geniculate, 
reticular formation, optic chiasm, and corona radiata, 
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required only bilateral readings in three to four sections 
to obtain a representative average value. Structures 
with marked heterogeneity of densities, that is, the hip- 
pocampus and vermis, were surveyed in a random fash- 
ion to obtain an unweighted average of values. In 
smaller heterogeneous structures, including the brain 
stem nuclei, the average of single readings of highest 
density in each of six to eight sections was recorded. 

A calculation of tissue content of [“C]DG was per- 
formed with National Institute of Mental Health cali- 
brated Amersham plastic standards. The lumped con- 
stant used, 0.401, was determined in earlier experi- 
ments in fetal and newborn sheep.® Local cerebral 
glucose utilization in micromoles per 100 gm per min- 
ute was calculated according to the formula published 
by Sokoloff et al.’ 

The Wilcoxon rank sum test for unpaired data was 
used to compare data collected on control fetuses with 
data on sound-treated fetuses (p < 0.05). For the pur- 
poses of this test, no distinction was made between those 
fetuses receiving 105 dB and those receiving 120 dB 
sound pressure levels. 


Resuits 


Two animals from sound stimulation experiments 
were not included in the statistical analysis of local ce- 
rebral glucose utilization. Disterided cerebral ventricles 
were found in one fetus during the sectioning proce- 
dure. No explanation or cause for this hydrocephalus 
could -be found. In a second fetus, intermittent, 
position-related difficulties in drawing blood from the 
arterial catheter necessitated vigorous palpation of the 
abdomen of the ewe to force movement of the fetus 
during the sampling procedure. The possibility that 
vestibular or tactile stimulation might have altered local 
cerebral glucose utilization was considered. In both 
cases, however, local cerebral glucose utilization was 
within the ranges found in the remaining six sound- 
stimulated fetuses. 

The gestational ages, fetal weights, number of days 
after operation, fetal blood gas determinations, fetal 
plasma glucose levels, and maternal temperature in the 
experimental and control groups were not significantly 
different (Table I). 

In all structures evaluated mean local cerebral glu- 
cose utilization was higher in sound- stimulated animals 
as a group than in control animals (Table II). However, 
the significance of these differences was variable be- 
cause of considerable overlapping in local cerebral glu- 
cose utilization values. Of the brain stem auditory nu- 
clei, only the cochlear nuclei showed a. significant 
sound-induced rise in glucose utilization. Other struc- 
tures exhibiting a rise that reached significance (p < 
0.05) were vestibular nuclei, inferior olives, habenula, 
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Table I. Gestational ages, weights, days after operation, blood gas and pH levels, and arterial plasma glucose 
concentrations of control and sound-exposed fetal sheep in utero and maternal vaginal temperatures at 
termination of experiment to measure local cerebral glucose utilization 


_ Control fetuses 

Gestational age (days) 135 136 136 137 138 140 141 
Fetal weight (kg) 2l 3.1 3.20 3.1 2.5 4.5 3.55 
Days after operation 5 4 5 3 6 7 7 
Fetal arterial : l 

pH l 7.34 7.36 7.39 7.37 7.38 1.95 7.37 

PCO, 55.8 55.9 55,5 54.3 47.4 60.4 49.2 

Po, 21.8 21.5 23.4 20.8 20.9 22.9. 24.4 
Fetal “arterial plasma- TAA (mg/ml) 0.18 0.18 0.17 0.18 0.18 0.28 0.20 
Maternal temperature (° C) 39.0 39.6 39.0 39.5 39.6 39.4 — 
Sound pressure level (dB) -55-60 55-60 55-50 55-60 55-60 55-60 55-60 


Table Il. Local cerebral glucose utilization (micromoles/100 gm/min) in control fetuses and in 
sound-exposed fetuses 


Structure 


Motor/sensory cortex 

Visual cortex 

Auditory cortex 

Cingulate gyrus 

Thalamus 

Medial geniculate 

Lateral geniculate 

Hypothalamus 

Mamillary body 

Hippocampus 

Amygdala 

Septum 

Caudate 

Putamen 

Subthalamic nuclei 

Vestibular nuclei 

Cochlear nuclei 

Superior olives 

_ Inferior olives _ 

Inferior colliculus 

Superior colliculus (stratum super- 
ficiale) 

Superior colliculus (stratum pro- 
fundum) 

Habenula 

Preoptic area 

Spinal cord, ventral horns 

Reticular formation 

Lateral lemniscus 

Periaqueductal gray 

Nuclei of oculomotor nerves 

Red nuclei 

Vermis 

Cerebellar cortex 

Cerebellar nuclei 

Flocculus ` 

Spinal cord, lateral columns 

Internal capsule 

Corona rdiata 

Optic chiasm 


21-5 


I Ion Nn! 


— 
(op) 
I+ 

NO 


22 9. 


OS Nov 
Oo Ca 
I+ I+ 

OS 


no 
QI 


te RO KD e m 


NOD OKO — NO Gh GO OO 
Dw CDM IO ET oh Oo oa NO OO OO 


ih lt [+ dt lt lt I+ I+ I+ I+ | 


ND pe DO epa DO NO MO DO DO O 


— 


Wilcoxon rank sum test for unpaired data; mean and SEM. 


ro 
Gt 
I+ 
no 
oo 


nO NO ro 
oh ~ Oo 
+ + it 


+ 


| 


+ 


no US 
co OO 
I H+ i+ | | | 
Nm OP WAN ANN OOO NR Gt 


QO Wf NO 
He 
+ 


I+ 


— 
~I 
|+ 
Dm tO I we Doe wwnn~ whhy 


0.1302 
0.1584 
0.3044 
0.1113 
0.0504 
0.0683 
0:2790 
0.2464 
0.3508 
0.0876 
0.4340 
0.1298 
0.0746 
0.0664 
0.0753 
0.0467 
0.0215 
0.2790 
0.0360 
0.0876 
0.1254 


0.1254 


0.0185 
0.1831 
0.0680 
0.1986 
0.0978 
0.1406 
0.0314 
0.0279 
0.0673 
0.0530 
0.0467 
0.0277 
0.0978 
0.0573 
0.0767 






0.5264 
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Sound-exposed fetuses 


137 136 135 
2.25 2.85 3.65 
2 2 2 
7.33 7.37 7.31 
49.3 52.5 55.6 
14.4 26.6 ra 
0.18 0.24 0.17 
39.5 39:7 38.9 
105 105 105 


nuclei of the oculomotor nerves, red nuclei, cerebellar 
nuclei, and flocculus. Other major auditory structures 
evaluated were auditory cortex (p < 0.30), medial ge- 
niculate (p < 0.07}, superior olives (p < 0.28), inferior 
colliculus (p < 0.09), and lateral lemniscus (p < 0.10). 


Comment 


The effects on the human fetus of environmental 
sound are well-known. Thus sound-induced fetal 
movements”? and fetal cardioacceleration’® '' usually, 
but not always, follow an intense pure tone or broad- 
band of tones applied to the anterior abdominal wall. 
Generally, the sound source is applied directly over the 
fetal head as palpated or seen in ultrasound scans. 


To understand more fully the importance of sound , 


in human prenatal development, we have used the fetal 
sheep as a model. First, we measured the metabolic rate 
of the fetal central auditory structures in normal lab- 
oratory sound conditions. Glucose utilization in these 
structures was higher than most structures in the fetal 
sheep brain. Rates of utilization in the cochlear nucleus, 
superior olives, lateral lemniscus, and inferior colliculus 
rose rapidly near the beginning of the third trimester 
and remained high until term, after which there was a 
50% increase. In contrast, utilization of glucose in the 
brain as a whole rose more linearly throughout the last 
third of gestation. 

In subsequent experiments” we documented a sig- 
nificant decrease in local cerebral glucose utilization 
' during administration of ketamine and thiopental to 
induce anesthesia. Also we characterized the sound en- 
vironment of the fetus? and confirmed that it was 
richer and more varied than previously thought. + In 
fact, sounds with frequencies below 2 kHz were atten- 
uated very little. 

In the present study we attempted to determine if 
sound presented to the surface of the abdomen could 
produce any increase in central auditory metabolic rate, 


135 133 136 
2.85 3.55 3.80 
6 6 7 
7.35 7.36 7.38 

52.5 51.6 54.2 
24.3 22.8 26.2 
0.21 0.37 0.17 
— 39.6 39.4 
120 120 120 


from which we could infer that neuronal activity along 
this pathway was enhanced. There is ample documen- 
tation that sound results in a significant rise in glucose 
utilization in brain stem nuclei subserving the audi- 
tory system,'*’* but there was no mention in the liter- 
ature reviewed of an enhancement in the nonauditory 
structures. 

The reason many fetal gray and white matter struc- 
tures, which are nonspecific for the auditory system, 
appeared to be affected by sound is not readily un- 
derstood, but functional activity in specific pathways 
may not be a prominent feature during the early stages 
of development. Myelinization proceeds in a rostral di- 
rection; before its completion, auditory stimulation may 
result in a nonspecific, diffuse stimulation of metabolic 
activity in many brain structures. This widespread, 
sound-induced requirement for free energy may be 
vital for normal growth and development of the brain. 

The earphones used in this study produced very high 
intensity broadband noise but over a relatively small 
area. If the fetal head were not directly in this field and 
close to the sound source, some attenuation of sound 
would be expected. The abdomen and pregnant uterus 
are not acoustically uniform. Also to be considered as 
a source of the large variability in the local cerebral 
glucose utilization results would be the predominant 
behavioral state during the time that local cerebral glu- 
cose utilization was measured. Both fetal brain oxygen 
consumption’? and glucose utilization” are increased 
during low-voltage electrocortical activity. A clearer pic- 
ture of the specific and general effects of sound as a 
useful test for fetal neuronal function should emerge 
if both the position of the fetal head and the fetal be- 
havioral state are known. 


We gratefully acknowledge the advice and assistance 
of Drs. C. Kennedy, C. Oliver, J. Hicks, and K. Bzoch, 
and Messrs. R. Trustee and R. Cooper. 
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Transplacental stimulation of functional and morphologic fetal 
rabbit lung maturation: Effect of thyrotropin-releasing hormone 
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We investigated the effect of maternally administered thyrotropin-releasing hormone on functional and 
morphologic fetal lung maturation. Thyro:ropin-releasing hormone (40 ug/kg/day) or the vehicle was 
injected intravenously into the New Zealand White rabbit does on days 25, 26, and 27 of gestation. On 
day 27 of pregnancy, the does were killed and the fetuses were delivered. The functional pulmonary 
maturity was assessed by pressure-volune hysteresis while morphologic maturity was assessed by 
histologic techniques. Enhanced functional and morphologic fetal lung maturation was noted in animals 
treated with thyrotropin-releasing hormone when compared with controls. An important role of 
thyrotropin-releasing hormone in fetal lung maturation is proposed. (Am J OBSTET GYNECOL 
1987;157:460-4.) 
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Mammalian fetal lung development can be influ- 


enced by several hormones including corticosteroid, in- 
sulin, androgens, estrogens, catecholamines, epider- 
mal growth factor, prolactin, thyroid hormones, and 
thyrotropin-releasing hormone (TRH).' Glucocorti- 
coids administered antenatally to women in premature 
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labor reduce the risk of hyaline membrane disease in 
premature neonates.’ However, the beneficial effect of 
corticoids may be dependent on time, fetal sex, and 
gestational age.' Corticosteroids are relatively contrain- 
dicated when pregnancy is complicated by placental 
insufficiency, premature rupture of the amniotic mem- 
branes, maternal infection, or diabetes.” All of these 
situations are frequently encountered clinically. 

Administration of TRH into the rabbit doe results in 
an increase in total phospholipid and phosphatidyl- 
choline in the fetal lung lavage, while the phosphati- 
dylcholine/sphingomyelin ratio increases from 1.0 to 
2.2.” These changes in the fetal lung lavage phospho- 
lipid content and composition are suggestive of in- 
creased lung maturation. Although the clinical use of 
TRH, alone or in combination with corticosteroids, has 
been suggested for the prevention of hyaline mem- 
brane disease,* the mechanisms of the effects of TRH, 
its influence on other parameters of fetal lung devel- 
opment, and the possible side effects remain unclear. 
Rooney et al.’ postulated that the administration of 
TRH to the rabbit doe lends to its transfer across the 
placenta, which in turn stimulates fetal thyroid activity.’ 
However, the demonstration of placental transfer of 
TRH or the quantitation of fetal plasma thyroid hor- 
mones was not performed." In this study we investi- 
gated whether administration of TRH to the rabbit doe 
results in its passage across the placenta. In addition, 
we investigated the effect of maternal administration 
of TRH on functional and morphologic fetal lung de- 
velopment, fetal lung glycogen content, and maternal 
and fetal plasma total triiodothyronine and free thy- 
roxine concentration. From the results we conclude 
that TRH crosses the rabbit placenta from the mother 
to the fetus and that functional and morphologic fetal 
lung development can be accelerated transplacentally 
by maternal administration of TRH. 


Material and methods 


Animal care and euthanasia. Pregnant New Zealand 
White rabbits of known gestation time (0 = time of 
breeding; term = ~31 days) were purchased from a 
local supplier, housed individually, and allowed to 
drink water and eat Rabbit Chow (Purina, St. Louis, 
Missouri) as desired. To investigate whether TRH 
crosses the placenta, we injected 10 pCi of iodine-125- 
labeled TRH  [(Pyro)Glu-His-Pro-NH2, molecular 
weight 486.3, specific activity 2200 Ci/mmol, New En- 
gland Nuclear, Boston, Massachusetts] per doe (n = 3) 
on day 27 of gestation. Maternal arterial blood was 
collected 10 minutes before and 1, 5, 10, 20, 30, 60, 
and 90 minutes after the intravenous injection of '°I- 
labeled TRH. The does were killed with intravenous 
pentobarbital (100 mg/kg) and the fetal blood was col- 


on lected after decapitation.’ The radioactivity in 400 yl 


- of the plasma was counted in a gamma radiation 
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counter (Packard Instruments, Downers Grove, Hi- 
nois) for 2 minutes. The degradation of 'I-labeled 
TRH was assessed by 50% trichloroacetic acid precip- 
itation. 

To investigate the effect of maternal administration 
of TRH (L-pyroglutamyl-.-histidyl-L-prolinamide, mo- 
lecular weight 362.4, Sigma Chemical Co., St. Louis, 
Missouri) on fetal lung development, TRH (40 
pg/kg/dose) or an equivalent volume of normal saline 
solution was injected intravenously between 8 and 9 AM 
on days 25, 26, and 27 of pregnancy. Forty-five minutes 
after the third dose, the does were killed by intravenous 
pentobarbital. Immediately before the animals were 
put to death, maternal blood was collected from the 
ear artery. The uterus was exposed after laparotomy. 
The three to four fetuses on the extreme right of the 
uterus were killed with 10 mg each of intramuscular 
pentobarbital through the uterine wall. The rest of the 
fetuses were delivered and immediately decapitated. 
Free-flowing blood was collected for the measurement 
of total triiodothyronine and free thyroxine.’ A reliable 
assay for plasma TSH and total thyroxine in rabbit 
plasma was not available. Lungs from the decapitated 
fetuses were collected for the quantitation of glycogen.’ 
Pentobarbital-injected fetuses were delivered with the 
amniotic sac and placenta intact and used for the 
pressure-volume hysteresis. 

Pressure-volume curve. The method of performing 
dynamic pressure volume curve experiments on the 
closed chest rabbit fetuses has been described.* The 
blunt needle of a 19-gauge butterfly needle was inserted 
into the trachea and fixed in place with silk. The other 
end of the butterfly needle was attached to a three-way 
stopcock that was connected to a manometer and to a 
10 ml graduated syringe via thin plastic tubing. The 
syringe was mounted on a Harvard pump (Harvard 
Apparatus Co., South Natic, Massachusetts) that is ca- 
pable of infusing and withdrawing. The lungs were 
gradually inflated with air to 40 cm H,O and then de- 
Hated slowly to 0 cm H,O. The lungs were deflated to 
~30 cm H,O to remove residual air and then equili- 
brated to 0 cm H,O. The lungs were again inflated to 
40 cm H,O. After equilibration at an inflation pressure 
of 40 cm H.O, the lungs were gradually deflated to 0 
cm H,O. The pressure on the manometer was recorded 
after each 0.4 ml of air was withdrawn. The total lung 
capacity (that is, the amount of air injected in the lung 
during the second inflation) and the stability of the lung 
during the second deflation at 0, 5, 10, 20, 35, and 40 
cm H,O were derived. After the pressure-volume ex- 
periment the lungs were dissected, gently blotted to 
remove excess fluid, and weighed. These lungs were 
fixed at atmospheric pressure by immersion in 10% 
paraformaldehyde. 

Histologic evaluation of the fetal lung. Sagittal sec- 
tions from the right upper lobe of the fixed whole lung 





‘Table I. Fetal weight and lung glycogen and 
plasma thyroid hormone concentrations in 
control and TRH-treated animals 


TRH-ireated 
(n = 10) 


Control 
(n= 11) 








Fetal weight (gm) 28.5406 227.8 + 0.7 
Fetal lung glycogen (pmol of a1 a3 30 + 4 
“glycosyl -units/gm) 

_ Plasma triiodothyronine (ng/ml) 
~ Maternal 2.2 + 0.2 i.8 + 0.2 
Fetal 1.0 +0. POARI 

Plasma free thyroxine (ng/dl) 

Maternal 0.7 + 0.1 0.5 + 0.2 
+ 0.001 0.06 + 0.05 


Fetal. E 0.08 





Numbers in parentheses represent the number of does in 
-each group. 
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Fig. 1. Morphologic features of control (A) and TRH-treated (B) fetal lungs. 


were embedded in Parafilm, and 6 ym sections from 
each block were stained with hematoxylin and eosin. 
In addition to conventional microscopic examination, 
lung volume proportions were analyzed with an inte- 
grating eyepiece of the point-counting type, as per the 
principles outlined by Chalkley.’ The relative volume 
(V) of alveolar lumen (al) and the interalveolar septa 
(ias) was determined.’ The alveolar expansion index 
(la) was calculated as follows: 
Val 
las 
Vias 


Statistical analysis 
All data are mean + SEM. Statistical significance was 
determined by Student’s two-tailed £ test. If pneumo- 
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o l i Table Il. Lung/body weight and the stability of fetal lungs during deflation in control and 


‘TRH-treated animals 







Total lung 
capacity 
(ml/gm) 









Lung/bedy 
weight 





Group 


0.029 + 0.007 
0.031 + 0.008 


,ontrol (n = 30) 
TRH -treated (n = 24) 


1.45 + 0.1 
1.43 + 0.2 


Number in parentheses represent the number of fetuses in which successful pressure-volume hysteresis was parronded: 


*p < 0.05, 


T : _ thorax developed at any time before completion of the 

second deflation, that experiment was excluded from 

statistical analysis. Numbers in parentheses in Table I 

`. represent the number of does in which vehicle or TRH 

| i was administered. Numbers in parentheses in Table H 

_ represent the number of successful pressure-volume 
experiments. 


Results 


_ _The trichloroacetic acid precipitability of radioactiv- 
| ity in fresh "I-labeled TRH was ~60%. The TCA pre- 
cipitability of radioactivity in the maternal and fetal 
plasma after 90 minutes of I-labeled TRH injection 
as also ~60% in all three experiments. These results 
¿imply that there was no degradation of ‘I-labeled 
"TRH during this period. The amounts of radioactiv- 
=- ity (counts per minute per 0.4 mil) in the maternal 
plasma were 100 + 5, 12,000 + 3000, 10,000 + 2000, 
8000 + 1500, 6000 + 1000, 4800 + 600, 2600 + 300, 
and 1800 + 150, respectively, at 10 minutes before and 
1, 5, 10, 20, 30, 60, and 90 minutes after an intravenous 
o- bolus of 100 Ci of ‘I-labeled TRH. The mean ra- 
_ dioactivity in 0.4 ml of fetal plasma in all treated animals 
‘was higher (1800 + 100 cpm) than the control (90 + 5, 
© n= 3, p< 0.001). It can be concluded that TRH 
_ crosses the rabbit placenta from the mother to the fetus. 
There were no obvious undesirable effects in the 
mother or the fetuses after TRH treatment. None of 
the TRH-treated or control does delivered prema- 
_turely, All does in control and TRH groups gained 
200 + 6 gm (n = 1l) and 195 + 8 gm (n = 10), re- 
spectively, from 25 to 27 days of gestation. Fetal weight, 
fetal lung glycogen, and fetal and maternal plasma tri- 
iodothyronine and free thyroxine concentrations were 
similar in control and TRH-treated animals (Table 1). 
The lung-to—body weight ratio and the total lung 
capacity among control and TRH group fetuses were 
not significantly different (Table I1). The stability of 
_ the fetal lungs during deflation at 0, 5, 10, and 20 cm 
HO pressure in TRH-treated animals was higher than 
that i in the control group (Table II, p < 0.05). 










Atr retained in lung during deflation ( Ge of total lung capacity) 


2.0 + 0.04 
19 + 2 
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5 cm 10 cm 20 cm | 35 cm | 40 om C% 
H,O0 HO HO HO HO PE G l 


542 33842 80+ 100-100 
7 + 3* 58 t iad 87 + 100 109 m 


On histologic examination a clear difference be ] 
tween TRH-treated and control fetal lungs was noted ` 
(Fig. 1). Alveolar air expansion was more pronounced _ 
in TRH-treated fetuses. The alveolar expansion index 
in control fetuses (0.61 + 0.032, n = 48) was less than 
that in TRH-treated fetuses (0.77 + 0.069, n = 48) 
(p < 0.05). 


Comment 


Controversy has been expressed as to whether TRH 
can cross all mammalian placentas.* TRH crosses the a 
placenta of the rat, rhesus monkey, and human” In - 
contrast to these studies, a report claimed lack of pla- ee 
cental transport of TRH in sheep.’ In the present study 
we have shown that TRH crosses the placenta from the 
mother to the fetus in the rabbit. The difference in the 
placental transport of TRH amiong these mammalian fi 
species may be due to the different structures of the. 
placenta. While the human, monkey, or rat placenta is 
hemochorial, the sheep placenta is epith liochorial.!”. 
The rabbit placenta can be hemochorial or hemoe 
dothelial.' | a 

Fetuses from TRH-treated dees demonstr ated en 
hanced functional and morphologic lung matura 
These results further support the hypothesis that TR 
may be important in fetal lung development.’ Increasec 
stability of lungs on deflation in TRH-treated fetuses 
may be due to increased availability « of alveolar surfac- l 
tant, changes in connective tissue elasticity, or the deoo 
gree of alveolation or a combination of these factors. 
Pressure-volume experiments with saline solution in- a 
fusion would have been helpful but were technically 
difficult. Since TRH administration has been shown to 
enhance secretion of pulmonary surfactant in the fetal 
rabbit at a similar gestational age,’ it is likely that the | 
stability of the lungs on deflation in TRH-treated fee ~ 
tuses in the present study was due to increased alveolar 
surfactant. | 

Maternal and fetal plasma thyroid hormone concen- 
trations in TRH-treated animals were similar to contr ol 
values. It can be concluded that an increase in maternal 












































al plasma thyroid hormone does not occur within 
j minutes of TRH administration in rabbit. Although 
- no data are available in the rabbit, an increase in ma- 
~ ternal or umbilical cord plasma thyroid hormone con- 
- centration after maternal administration of TRH did 
not occur until 3 to 4 hours in the human." It is possible 
that maternal and/or fetal plasma thyroid hormone 
- concentrations did increase after the first two doses of 
5 TRH on days 25 and 26 of pregnancy, but this possible 
=O surgein the plasma thyroid hormone concentration was 
_. not sustained enough to be seen on day 27. On the 

_ other hand, it is conceivable that enhanced fetal lung 
~ maturation from TRH stimulation may occur without 
a significant stimulation of fetal thyroid hormone ac- 
tivity. Surfactant production and/or release may be un- 
der neurohumoral control.’ TRH has been shown to 
serve as a neurotransmitter and therefore may act in- 
dependently of the fetal pituitary-thyroid axis.” The 
_. human placenta produces TRH and TRH has been 
demonstrated in both maternal and fetal plasma.” " 
Maternal plasma concentrations of TRH increase dur- 
: ‘ing pregnancy and TRH administered to the pregnant 
a „woman stimulates the fetal pituitary-thyroid axis.’ " 
Although the physiologic significance of these obser- 
© vations remains unclear, it is possible that TRH may 
be important in the maturation of the human fetal lung. 
E Acceleration of fetal lung maturation after TRH 
therapy has not yet been determined to improve re- 
spiratory function and enhance survival after prema- 
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ture delivery. Whether simultaneous administration of 
TRH and corticosteroids does indeed have an additive 
effect in enhancing fetal lung maturation remains to 
be examined. Future animal experimentation seems 
necessary before a clinical trial of TRH, alone or in 
combination with corticosteroids, is initiated. 


We thank Dr. William J. Keenan for review of the 
manuscript. 
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The effect of severing the spinal cord of fetal lambs on length 


of gestation 
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Lambs with spinal cords that had been severed near the head at 50 days of gestation were born after a 
shortened gestation of about 128 days. Lambs with severed spinal cords born as a twin with an intact 
lamb had a normal gestation of 148 days. The presence of an intact spinal cord or the signals that it might 
carry apparently influence the length of gestation in the ewe. (AM J OBSTET GYNECOL 1987;157:464-7.) 
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The normal fetal hypothalamic-pituitary-adrenal 
axis has been shown to influence initiation of parturi- 
tion in sheep. Infusion of adrenocorticotropic hormone 
(ACTH) but not other pituitary hormones caused pre- 
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Fig. 1. Lamb born at 145 days of gestation with only a strand 
of vascular tissue joining the head and body. Separation was 
done at 45 days of gestation. 


mature delivery in 4 to 7 days.' Liggins et al.? showed 
that hypophysectomy of fetal lambs resulted in delayed 
parturition presumably because of absence of secre- 
tions from the fetal adrenal cortex. These experiments 
showed that an intact fetal pituitary-adrenal axis was 
important for the initiation of parturition in sheep. 

How the increases in fetal ACTH and subsequently 
fetal corticoids are initiated is unclear. The possible role 
of neurosecretory hormones from the hypothalamus 
or posterior pituitary gland has not been investigated 
thoroughly. When the anterior pituitary gland was de- 
stroyed or removed in fetal lambs,” the posterior pi- 
tuitary was undoubtedly also removed. Decapitation of 
a sheep fetus delayed parturition,’ but in this case the 
posterior pituitary gland and the brain were also re- 
moved. Schriefer et al.* observed that the content of 
oxytocin in pituitary glands from neonatal rats was re- 
duced by parturition, which indicated possible release 
of oxytocin from the fetal posterior pituitary gland dur- 
ing labor. In addition, administration of an oxytocin 
antibody to rat fetuses but not to their mothers in- 
creased the length of gestation by 18 hours. Oxytocin 
in the plasma of fetal lambs was significantly higher 
than in the mother just before parturition.? Neuro- 
physins associated with both oxytocin and vasopressin 
have been described in the fetal sheep pituitary gland.’ 
Alexander et al.’ showed that hypoxia was effective in 
causing vasopressin release, which was accompanied by 
an increase in neurophysin and ACTH. It is possible 
that these neurophysins are the triggering stimuli for 
oxytocin, vasopressin, and ACTH release before par- 
turition. 

In a preliminary experiment we disrupted the nor- 
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Table I. Mean length of gestation and weight 
of intact lambs, lambs with severed spinal 
cords, or lambs with pinched tracheas 








Length of 






gestation Weight 
Treatment (days) (kg) 





Pinched trachea 149 + 1.7 3.8 + 0.3% 
Severed spinal cord 128 + 2.3* 1.86 + 0.04% 
Twins, one intact and 147 + 0.8 3.2 + 0.07 


(intact) 
2.9 + 0.] 
(severed) 
Intact control 148 + 1.6 3.2 + 0.06 


aaae U 


Values are expressed as the mean + SEM. 


one severed 


*Indicates that value is significantly different from control 
(p < 0.05). 


mal neural path of fetal lambs by severing the spinal 
cord in the upper cervical area. Parturition occurred 
but with varied gestation. Thus the involvement of 
a neural signal to the fetal hypothalamic-pituitary- 
adrenal axis may influence initiation of parturition. We 
performed the following studies in an attempt to un- 
derstand the involvement. 


Material and methods 


Preliminary study. In the preliminary study an at- 
tempt was made to decapitate fetal lambs at about 45 
days of gestation in 29 ewes in the same manner as in 
fetal pigs.” Decapitation resulted in fetal death and re- 
sorption in all but one case. This one lamb was born 
after 145 days of gestation. It weighed 1397 gm, was 
edematous, had no wool, the neck stump was healed, 
and the intestines contained pastelike material. In sev- 
eral other lambs in which decapitation was attempted, 
a remnant of vascular tissue connected the head and 
the body (Fig. 1). These lambs were born after various 
periods of gestation, ranging from about 100 to 160 
days. One lamb with a crushed but intact head weighed 
8 kg at 174 days of gestation, when it was removed by 
hysterotomy. Thus complete decapitation was ordinar- 
ily fatal, but disruption of the usual neural pathway was 
not, provided a vascular connection persisted between 
the head and the body. To pursue the observations 
further, a subsequent study was conducted in which the 
spinal cord was severed in a systematic and uniform 
manner. 

Animals. Forty-six mature crossbred ewes were 
maintained outdoors under a normal seasonal photo- 
period. During the breeding season crossbred rams that 
wore marking harnesses were introduced into the flock. 
Ewes were observed daily for marks. Ewes were con- 
sidered pregnant if they were not marked again. The 
age of the fetus was verified by palpation at operation. 
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Fig. 2. Gestation for each ewe that contained lambs treated as indicated at 50 to 70 days of gestation. 


Animals were cared for and used under the guidelines 
of the National Institutes of Health for such animals. 

Experimental design. Ewes were assigned at 50 to 
70 days of gestation to one of four treatment groups: 
(1) intact control—laparotomy with no surgical manip- 
ulation was performed on the fetus; (2) fetal sham 
operation—the ventral aspect of thë neck and trachea 
of the fetus was pinched and crushed; (3) the spinal 
cord of the fetus was severed; (4) the spinal cord of 
one fetus was severed, whereas the twin fetus was left 
intact. 

Anesthesia was induced with an intravenous injection 
of 17 ml of pentobarbital sodium solution (65 mg/ml, 
Holmes Serum Co.; Springfield, Illinois) and main- 
tairied with halothane and a closed-circuit anesthesia 
apparatus.” The ovaries and uterus were exposed 
through a midyentral incision and the number of cor- 
pora lutea and fetuses recorded. Spinal cord transec- 
tions were performed by grasping the fetus through 
the uterine wall, orienting the fetus by palpation, and 
then severing the cord with thumb and forefinger in 
the cervical area. The spinal cord was severed as close 
to the head as possible, usually between C-1 and C-3. 
The ventral aspect of the neck and trachea was pinched 
in a similar manner in the second treatment group. All 
ewes were observed daily for delivery of lambs. 

Lambs were weighed after delivery. The spinal cord 
was examined grossly to determine the completeness 
of transection. The lungs were removed and placed in 
water to determine flotation. The digestive tract was 
examined for the presence of meconium. Lambs in 
which the trachea had been pinched were examined to 
determine the extent of the crushing of the trachea and 
that the spinal cord was intact. 

Statistical analysis. Results were analyzed with Stu- 


dent’s ¢ test. Differences were considered significant 
when p < 0.05. 


Results 


Seventeen of the 46 ewes aborted within a few days 
of operation or died several weeks after operation from 
causes unrelated to treatment. Results for the remain- 
ing 29 ewes are presented in Fig. 2 and Table I. Fig. 2 
shows the gestation for ewes in the four treatment 
groups. Two ewes aborted at 92 days of gestation. Ewes 
that carried only lambs with severed spinal cords had 
a significantly shorter gestation than ewes in the other 
treatment groups (p < 0.05). This effect was consistent 
except for one lamb that was delivered after a normal 
period. However, lambs with severed spinal cords that 
were twins of intact lambs were delivered after a normal 
gestation with their intact mates. 

Two of the four lambs with pinched tracheas were 
very edematous and died at birth. Alcorn et al. re- 
ported a similar phenomenon in lambs in which the 
trachea was ligated between 105 and 110 and 120 to 
148 days of gestation. Two were born alive but were 
killed because of severe breathing difficulties. Lambs 
with severed spinal cords appeared quite normal 
grossly and had normal wool. The spinal cord of each 
lamb had been severed cervically at C1-3. Lungs did 
not float, verifying that these lambs did not breathe. 
All lambs had meconium in the intestines. 

The weights of lambs in the different treatment 
groups are shown in Table I. Lambs with severed spinal 
cords weighed less than controls, presumably in asso- 
ciation with the short gestation. However, weights of 
lambs with severed spinal cords that were twins to intact 
lambs did not differ significantly from those of their 
intact counterparts. Lambs with pinched tracheas had 
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greater weights than controls because of the excess fluid 
retained by these lambs. 


Comment 


The significant finding of this study is that transec- 
tion of the spinal cord of fetal lambs resulted in a short- 
ened gestation to about 128 days. However, in cases in 
which lambs with severed spinal cords were twins to an 
intact lamb, both were delivered after a normal period 
of gestation. 

Our finding of shorter gestations in lambs with sev- 
ered spinal cords was unexpected. Binns et al.'' re- 
ported a congenital cyclopian type of malformation as- 
sociated with prolonged gestation in fetuses of range 
sheep in Idaho that had ingested Veratrum californicum 
(skunk cabbage). The affected lambs had pituitary 
glands, although the neural connections were either 
missing or abnormal. Decapitated pig fetuses have a 
prolonged gestation of 124 to 125 days." Decapitated 
sheep fetuses were born at term or later.’ However, 
Honnebier and Swaab,'* who examined the influence 
of anencephaly of human fetuses on length of gesta- 
tion, reported that a number of these fetuses were born 
prematurely at 34 to 36 weeks of gestation. 

In the present study, the lambs with severed cords 
were dead at or shortly after birth when found during 
frequent inspections. It seems unlikely that intrauterine 
death precipitated parturition in view of the fact that 
lambs with severed spinal cords and a normal twin were 
born after a normal gestation. Also lambs with severed 
spinal cords did not weigh less than the normal twin 
or other intact controls but did weigh more than the 
single lambs with severed spinal cords born at 128 days 
of gestation. 

In studies by Liggins et al.” and Dawes et al.,"' spinal 
cord transections were performed at 115 to 123 days 
of gestation. No effect on gestation was detected, since 
lambs were delivered either spontaneously at term or 
by hysterotomy. 

In the present study, lambs with severed spinal cords 
and an intact twin had a normal gestation. A similar 
phenomenon was observed in pigs by Stryker and 
Dziuk,* who found that a litter consisting of a ratio of 
more than one intact fetus to four decapitated fetuses 
had a normal gestation. Length of gestation was normal 
when a hypophysectomized lamb was a twin to an intact 
lamb.” In all cases it appears that the intact fetus can 
override whatever effect decapitation or severing of the 
spinal cord has on length of gestation. 

Several studies'® '° of litters of lambs that contain 
fetuses of different genetic background have found 
that the fetus of the genetically shorter gestation can 
often influence the length of gestation of its twin. Fetal 
endocrine changes in a mixed breed pregnancy were 
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largely controlled by the fetal twin with a shorter ges- 
tation.'® 

The results of our study show that transection of the 
spinal cord of fetal lambs at the cervical level at 50 to 
70 days of gestation causes a shortened length of ges- 
tation. This effect is overridden by the presence of an 
intact fetus. Because no endocrine assessments were 
made, we can only conjecture as to the cause of the 
shortened gestation. However, the results of this study 
do support the idea that neural input can affect the 
length of gestation. 
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The effects of proteolytic enzymes on in vitro ovulation 


in the rabbit 


Yasunori Yoshimura, M.D., Rosemary Santulli, B.S., Susan J. Atlas, Ph.D., 


Shingo Fujii, M.D., and Edward E. Wallach, M.D. 
Baltimore, Maryland 


The involvement of proteolytic enzymes in follicle rupture was assessed by use of the in vitro perfused 
rabbit ovary. Streptokinase (10 and 100 units/ml) induced ovulation in the absence of gonadotropin. 
Ovulation failed to occur in contralateral control ovaries. The time of ovulation in streptokinase- and human 
chorionic gonadotropin—treated ovaries was similar, but significantly more ova from streptokinase-treated 
ovaries were immature (p < 0.001). Other ovaries were pretreated with trans-4-(aminomethy])- 
cyclohexane-carboxylic acid, an inhibitor of the conversion of plasminogen to plasmin, and then perfused 
with human chorionic gonadotropin (50 IU). Ovulatory efficiency was significantly reduced by 
trans-4-(aminomethy!)-cyclohexane-carboxylic acid at 10 or 1 mmol/L (p < 0.001), but ovum maturity was 
unaffected. Aprotinin (100 or 10 g/ml), a potent inhibitor of plasmin, significantly inhibited human 
chorionic gonadotropin—induced ovulation (p < 0.001) but did not affect oocyte maturation. Scanning 
electron microscopy of detergent-treated streptokinase-perfused ovaries revealed loosening and 
decomposition of collagen in the tunica albuginea. These results suggest proteolytic enzyme involvement 


in follicle rupture. (AM J OBSTET GYNECOL 1987;157:468-75.) 


Key words: Perfused ovary, proteolytic enzymes, ovulation 


Ovulation is a complex phenomenon, involving 00- 
cyte maturation, follicular steroidogenesis, rupture of 
the graafian follicle, and release of mature ova.’ Follicle 
rupture is preceded by disruption of connective tissue 
in the apex of the follicle wall. The decomposition of 
this tissue has been postulated to be dependent on pro- 
teolytic enzyme activity.” Collagenolytic enzymes, pres- 
ent in rat graafian follicles in the process of ovulation, 
are thought to play a significant role in disruption of 
the follicle wall.’ Strickland and Beers' have hypothe- 
sized that gonadotropins induce ovulation by stimulat- 
ing the synthesis of a plasminogen activator in mature 
ovarian follicles. Plasminogen activator acts on plas- 
minogen in the follicular fluid and tissue to produce 
plasmin, which, in turn, weakens follicular wall tissue. 
These observations have not, however, proved conclu- 
sively that follicle rupture is a direct result of the action 
of plasminogen activator and/or other proteolytic en- 
zymes. In contrast, recent observations raise questions 
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about the specific role of plasminogen activator in the 
process of ovulation.” Indomethacin can inhibit ovu- 
lation in the rat while failing to significantly reduce 
ovarian plasminogen activator activity. These data sug- 
gest that plasminogen activator may not be the critical 
proteolytic enzyme for follicle rupture. The role of pro- 
teolytic enzymes in the mechanism of ovulation thus 
remains to be clarified. An isolated perfused ovary 
preparation has been effective in studying local factors 
involved in the ovulatory process and in evaluating the 
effects of specific agents on phenomena associated with 
ovulation.' The present study was designed to deter- 
mine the effects of proteolytic enzymes on the processes 
of follicle rupture and oocyte maturation by means of 
an in vitro perfused rabbit ovary model. 


Material and methods 


Fifty-two sexually mature New Zealand White female 
rabbits were isolated for a minimum of 3 weeks prior 
to the experimental procedure. The rabbits were caged 
individually under controlled light and temperature 
with free access to Purina Rabbit Chow and water. Rab- 
bits weighing at least 3.5 kg were anesthetized with 
intravenous pentobarbital sodium (32 mg/kg), given 
heparin sulfate (120 units/kg) for anticoagulation, and 
then subjected to laparotomy. Overies were excluded 
from study if they appeared immature or if 50% or 
more of the surface follicles appeared hemorrhagic. 
Each ovarian artery was cannulated in situ, and the 
ovary with ovarian artery and vein and supportive adi- 
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Table I. Time of ovulation and oocyte characteristics: Ovaries perfused with or without streptokinase 


Streptokinase 


Ovaries perfused (n) 6 6 6 18 

Ovaries ovulating (n) 6 6 0 0 

Time of ovulation (hr) 7.19 + 0.26 6.71 + 0.48 ee mmea 
(mean + SE) 

Ovulated ova (n) 25 13 0 0 
Germinal vesicle breakdown (%) 16.0 23.1 oe = 
Degeneration (%) 32.0 23.1 men s5 

Follicular oocytes (n) 13 17 20 53 
Germinal vesicle breakdown (%) 15.4 23.5 20.0 13.2 
Degeneration (%) 38.5 17.6 25.0 22.6 





pose tissue was removed and placed in a perfusion 
chamber. Each ovary was perfused with 150 ml of tissue 
culture medium 199 (M. A. Bioproducts, Walkerville, 
Maryland) supplemented with insulin, heparin, strep- 
tomycin, and penicillin. The cannulation procedure 
and perfusion apparatus have been previously de- 
scribed in detail.’ 

Ovaries were periodically observed for evidence of 
follicle growth and rupture. A follicle was considered 


© ruptured when the cumulus containing an ovum was 
observed protruding from the ovarian surface. The 


~ovulated ovum surrounded by its cumulus mass was 
carefully recovered from the ovarian surface. At 12 


< -hours after exposure to ovulation-inducing substances, 


follicular oocytes were recovered from mature follicles 
(>1.5 mm in diameter) and the experiment was con- 
cluded. Both ovulated ova and follicular oocytes were 
assessed for stage of maturity and signs of degeneration 
as previously described.® The degree of ovum maturity 
-was expressed as the percentage of oocytes that had 


achieved germinal vesicle breakdown. Ovulatory effi- 
-> ciency, defined as the percentage of mature follicles that 


_ proceed to rupture, was calculated for each group. 

Experiment 1: Effects of streptokinase on ovulation 
and oocyte maturation. The initial experiment was de- 
signed to determine if exposure to streptokinase, an 
exogenous plasminogen activator, would induce ovu- 
lation in the absence of gonadotropin. Streptokinase 
(Sigma Chemical Co., St. Louis, Missouri) at a concen- 
tration of 1, 10, or 100 units/ml was added to the per- 
fusate of one ovary. The contralateral ovary of each 
rabbit was simultaneously perfused in a separate cham- 
ber with medium alone and served as a control. Six 
rabbits were used for each dose. Ovaries were observed 
throughout the 12 hours of perfusion for evidence of 
follicle growth and rupture. In a companion experi- 
ment, ovaries were perfused with human chorionic go- 
nadotropin (hCG) (50 TU) or with streptokinase (100 
units/ml) in order to compare the ovulatory efficiency 
in hCG- and streptokinase-induced ovulation. 
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Experiment 2: Effects of trans-4-(aminomethyl)- 
cyclohexane-carboxylic acid on hCG-induced ovula- 
tion and oocyte maturation. The second experiment oe 
was designed to determine if trans-4-(aminomethyl)- 
cyclohexane-carboxylic acid ((AMCHA), a potent in. - 
hibitor of the conversion of plasminogen to plas- a 
min, blocks hCG-induced ovulation. tAMCHA (Sig THI 
Chemical Co.) at a concentration of I or 10 mmol 
was added to the perfusate of one ovary. The cor 
lateral ovary of each rabbit was simultaneously per ; 
fused in a separate chamber with medium alone and 
served as a control. Thirty minutes after the onset of — 
perfusion, 50 IU of hCG was added to the perfusate 
of both ovaries. Six rabbits were used at each dose level. 
Perfused ovaries were observed for 12 hours after ex- 
posure to hCG. yei 

Experiment 3; Effects of aprotinin on hCG-induced 
ovulation and oocyte maturation. The third experi- 
ment was designed to determine if aprotinin, a protease 
inhibitor, blocks hCG-induced ovulation. Aprotinin 
(Sigma Chemical Co.) at a concentration of 10 or 100. 
pg/ml was added to the perfusate of one ovary. The 
contralateral ovary, which served as a control, was per- 
fused with medium alone. Thirty minutes after the ọn- 
set of perfusion, 50 IU of hCG was added to the per- 
fusate of both ovaries. Six rabbits were used at each 
dose level. 

Experiment 4: Surface morphologic features of 
ovarian follicles perfused with streptokinase. After 
perfusion with 100 units/ml streptokinase, ovaries from 
four rabbits were treated with the detergent sodium 
dodecyl! sulfate according to the method described by 
Martin and Miller-Walker.’ The first ovulation in this 
system occurred at approximately 5 hours after the 
onset of perfusion. Therefore perfusion was termi- 
nated at 4 and 7 hours after exposure to streptokinase 
(100 units/ml) in order to observe the morphologic al- 
terations of the follicle during the process of ovulation. 
Perfused ovaries were placed in 5% sodium dodecyl 
sulfate in distilled water for 5 to 6 minutes and fixed 
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Fig. 1. Ovulatory efficiency of ovaries perfused with or without 

streptokinase. Ovaries that served as controls were perfused 

with medium alone. The contralateral experimental ovaries 

_. were perfused with streptokinase at a concentration of 1, 16, 
or 100 units/ml. 
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-Ovaries perfused (n) 6 
-= Ovaries ovulating (n) 6 6 
= - Time of ovulation (hr) 7.22 + 0.2% 6.95 + 0.37 
oo {mean + SE) 

SE Ovulatory efficiency 
-i (mean +-SE) 


+ §.6* 


2.9 Oe” 50.5 


R -o ova (n) 43 97 
a _ Germinal vesicle 93,04 18.57 
breakdown (Sh) 


5 = Degeneration (6 Fe) 14.0 22.2 
F ollicular oocytes m) 10 2) 
Germinal vesicle 90.0% 14.27 

< breakdown (%) 

: Degeneration (%) 22.2 23.8 





‘Significantly different (p < 0.02). 
enom di different (p < 0.001). 


2 2.5% y glutaraldehyde in 0.1 mol/L cacodylate buffer 
H „4y for 3 hours. The fixed ovaries were treated 
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Fig. 2. Ovulatory efficiency of ovaries perfused with hCG plus ae 
tAMCHA or with hCG alone. Ovaries that served as controls 
were pertused with medium alone. The contralateral exper- 
imental ovaries were perfused with tAMCHA at a concentra- 
tion of I or 10 mmol/L. Thirty minutes after the onset of 
perfusion hCG (50 IU) was added to the perfusate of both | 
ovaries. Groups identified by like letters were significantly dif- 
ferent (a, b = p < 0.001). 


used to assess the percent degeneration and the percent eRe 
germinal vesicle breakdown of follicular oocytes and a 


ovulated ova 


Results 


Experiment I: Effects of streptokinase on ovulation 
and oocyte maturation. Streptokinase ata concentra- 


tion of 10 or 100 units/ml, but not at | unit/ml; induced: = 
ovulation in the absence of hCG, whereas ovulation did ` = 
not occur in any of the control ovaries- (Table. Lando oa 
Fig. 1). The majority of ova ovulated invitro did not a 
progress beyond the germinal vesicle intact stage after © a 
treatment with streptokinase. In contrast, > 80% of | 





ovulated ova from hCG-treated ovaries. achieved an ad- ie 


vanced stage of maturity (T: able ID. The ovulatory ef- : a | 
ficiency was significantly increased when ovaries were A 
perfused with concentrations of streptokinase above 10. 


units/ml (p < 0.05). The time interval from. ovulatory oe 
stimulus to ovulation was similar in streptokinase- and Ji 
hCG-treated ovaries (Table ID. At 100 units/ml of 
streptokinase, ovulatory efficiency was, however, sig- 
nificantly lower than that observed in the contralateral i 

hCG-treated ovaries (p < 0. 02). Examination of ovue 
lated ova. and follicular oocytes for evidence of de- 


generation showed = no significant difference. between | 
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Fig. 3. Ovulatory efficiency of ovaries perfused with hCG plus aprotinin or with hCG alone. One 
ovary of each rabbit was perfused with medium alone. The contralateral, experimental ovary was 
perfused with aprotinin at a concentration of 10 or 100 pg/ml. Thirty minutes after the onset of 
perfusion, hCG (50 IU) was added to the perfusate of both ovaries. Groups identified by like letters 


were significantly different (a, b = p < 0.001). 










vith hCG. alone 





| Ovari ies perlis m) _ 6 





Ovaries ovulating (n) 6 
Time of ovulation (hr) 8.67 + 0.24 
(mean + SE) 
Ovulated ova {n) 12 
Germinal vesicle 100 
breakdown (%) 
Degeneration (%) | 25.0 
Follicular oocytes | 22 
Germinal vesicle 81.8 
breakdown (%) 
Degeneration (%) | 40.9 


*Significantly different (p < 0.01). 


-groups within each series of experiments (Tables I 
and II). 


Experiment 2: Effects of tAMCHA on hCG- 


-induced ovulation and oocyte maturation. Addition of 
= tAMCHA at a concentration of 1 or 10 mmol/L to the 


_ perfusate, together with 50 IU of hCG, resulted in an 


effective blockade of ovulation when comparison was 


-made with ovaries exposed to hCG alone. Ov ulatory 


a efficiency was significantly reduced in ovaries exposed 


| to tAMCHA as compared with control ovaries (p < 


~ 0.001) (Fig. 2). Addition of tAMCHA at 1 mmol/L to 
`. the perfusate significantly delayed the time interval to 


<- ovulation in ovaries exposed to hCG when compared 





Table Il. Time of ovulation and oocyte characteristics: Ovaries perfused with hoc rei tAMCHA or 





tAMCHA (10 mmol/L) 


É Proteolytic « enzymes and ovula 


hCG plus aprotinin 


hCG alone 





tAMCHA (1 jaa | hCG (50 Ww 2 


6 0 o 12 


6 12 

9.22 2 Uae 7.81 + 0.94" 
a e 69 
999 — 92.8 
28.6 TE 
19 7 
63.2 85.7 
31.6 28.6 





with control ovaries treated with hCG alone (p < 0. 01). 
(Table HI). The perc entage of ovulated ova and follic- 
ular oocytes achieving germinal vesicle breakdown did K 

not differ significantly between tAMCHA- treated and 


control ovaries. Although the percentage of ovulated E 
ova and follicular oocytes that showed evidence of de- _ 4 


generation was increased i in tAMC HA-treated ovaries 


as compared with control ovaries, these differences _ l 


were not significant. 


Experiment 3: Effects of aprotinin on hCG-induced - 
ovulation and oocyte maturation. / Aprotinin at a con- : 
centration of 10 or 100. ng/ml significantly inhibited 


hCG-induced omiilaion ip <.0.001) (Fig. 3). The mean : a 
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Fig. 4. Surface morphologic features of ovarian follicles at 4 hours after exposure to streptokinase. 
The honeycomb-like structure characteristic of the basal lamina is evident. (Original magnification 


x 2000.) 





time of ovulation was delayed in aprotinin-treated ova- 
ries as compared with control ovaries. This difference, 
however, was not significant (Table IV). Aprotnin at 
both concentrations did not affect the maturity of ovu- 
lated ova and follicular oocytes in ovaries perfused with 
hCG. The percentage of ovulated ova and follicular 
oocytes that showed evidence of degeneration was 
greater in aprotinin-treated ovaries than in control ova- 
ries; however, this difference was not significant. 
Experiment 4: Surface morphologic features of 
ovarian follicles perfused with streptokinase. The de- 
tergent sodium dodecyl sulfate is effective in removing 


"3 


Fig. 5. Surface morphologic features of ovarian follicles at 7 hours after exposure to streptokinase. 
Degenerative changes in the basal lamina have exposed collagen fibrils. (Original magnification 
x 2000.) 


surface epithelial cells in the rabbit ovary, allowing ex- 
amination of the integrity and distribution of subepi- 


- thelial tissue in the preovulatory follicle. At 4 hours 


after exposure to streptokinase, sodium dodecyl sulfate 
treatment revealed the honeycomb-like architecture 
characteristic of the basal lamina (Fig. 4). Degenerative 
change in the subepithelial connective tissue was not 
prominent at the apex of the follicle. At 7 hours after 
streptokinase exposure, sodium dodecyl sulfate treat- 
ment revealed defects associated with degeneration of 
the basal lamina. Collagen fibrils located near the lateral 
margin of the apex were compact, forming several bun- 
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Table IV. Time of ovulation and oocyte characteristics: Ovaries perfused with hCG plus aprotinin or with 


Aprotinin 
(100 gimi) 


hCG alone 
Ovaries perfused (n) 6 
Ovaries ovulating (n) 6 


Time of ovulation (hr) 
(mean + SE) 

Ovulated ova (n) 13 
Germinal vesicle breakdown (%) 92.3 
Degeneration (%) 23.1 

Follicular oocytes (n) 21 
Germinal vesicle breakdown (%) 95.2 
Degeneration (%) 23.8 





dles or wide bands. The apical region was covered by 
distended thin collagen fibrils, resulting from degen- 
eration or decomposition of connective tissues in the 
tunica albuginea (Fig. 5). 


Comment 


Many serine proteases and protease inhibitors that 
are thought to be involved in the process of follicle 
-rupture may be present physiologically in vivo.* Plasma 


serine protease inhibitors such as @,-antiplasmin, 
~-@g-macroglobulin, and @,-antitrypsin react rapidly and 
~. irreversibly with plasmin, inhibiting its protease activ- 





__ ity.” Such humoral factors are excluded in this study 
because the perfusion system used lacks plasma or cel- 
lular blood components. This ovarian perfusion prep- 
aration can serve as an effective model for exploring 
the direct effects of agents on the process of ovula- 
tion while eliminating the possibility of systemic influ- 
ences.) 1 

The sequence of events following gonadotropin stim- 
ulation that culminates in rupture of the graafian fol- 


- licle and release of a mature ovum has been the subject 


of considerable attention. Steroid hormones, prosta- 
glandins, inflammatory mediators including proteolytic 
enzymes, and ovarian smooth muscle have been im- 
plicated as participants in the process of follicle rup- 
ture.’ The cumulative data indicate that an essential 
prerequisite for follicle rupture is the decomposition 
of the collagenous layers of the follicle.2>-7 

The present study of the in vitro perfused rabbit 
ovary preparation has demonstrated that streptokinase, 
an exogenous plasminogen activator, induces ovulation 
in the absence of gonadotropin. Strickland and Beers’ 
have proposed the hypothesis that gonadotropins in- 
duce ovulation by stimulating the synthesis of a plas- 
minogen activator in mature ovarian follicles. The data 
reported herein support the involvement of plasmin- 
ogen activator in the mechanism of follicle rupture. 
The failure of streptokinase to induce ovulation with 
an efficiency comparable to that of hCG suggests that 
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other components within the preovulatory follicular 
environment may also be required for follicle rupture, 
The relative inefficiency of streptokinase when com- ` 
pared with hCG may be related to the bacterial origin e 
of this enzyme; native mammalian tissue plasminogen | 
activator produced in response to hCG may be more | 
active in vivo. a 

Streptokinase exerts its plasminogen activator ; c 
after formation of a complex with plasminogen." T 
the addition of streptokinase alone to the perfused 
ovary can induce ovulation implies that the ovary con- 
tains plasminogen, which binds to the exogenous Strep- 
tokinase and produces an activated complex respon- 
sible for the observed effects. Streptokinase treatment 
was associated with degradation and decomposition of 
collagen fibrils within the tunica albuginea of preovu- 
latory follicles. The results of the present study suggest 
that the plasminogen activator—plasmin system may 
lead to the activation of collagenase, thereby resulting 
in the disruption of follicular integrity necessary for 
ovum release. 

The latent period between exposure to the stimula- 
tory agent and time of ovulation did not differ signif- 
icantly between ovaries treated with hCG and strep- 
tokinase; nonetheless significant differences in oocyte 
maturational stage were observed. These results imply 





that the appropriate factors necessary for oocyte mat- 
uration are lacking in streptokinase-induced ovulation. 
The failure of ova to undergo germinal vesicle break- 
down and further maturation after exposure to strep- 
tokinase indicates that the phenomena of oocyte mat- 
uration and follicle rupture are dissociated in ovaries 
treated with plasminogen activator. Other agents have 
also been shown to evoke follicle rupture without lead- 
ing to ovum maturation in this system.'® Furthermore, 
this study demonstrates that exposure to serine pro- 
tease inhibitors significantly reduces ovulatory eff- 
clency in ovaries treated with hCG but does not affect 
oocyte maturation elicited by hCG administration. 
tAMCHA has been reported to inhibit the activation 
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PLASMINOGEN ACTIVATOR) streptokinase, urokinase 


| tranexamic acid ({AMCHA) 


(eNO) ——-—> 


i aprotinin, ag~plasmin inhibitor 


ap-macroglobulin, a,-antitrypsin 
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Fig. 6. Proposed scheme for involvement of proteolytic enzymes in disruption of the wall of the 


ovarian follicle. 


of plasminogen to plasmin and fibrinolysis by active 
coco plasmin.” Aprotinin, a pancreatic trypsin inhibitor, in- 
=> hibits plasmin and other serine proteases.’ Ovulatory 
efficiency after hCG administration is significantly re- 
= duced by exposure to serine protease inhibitors. These 
~~ data are consistent with the report that various micro- 
ag bial protease inhibitors completely block ovulation in 
a the explanted hamster ovary.“ The results of the pres- 
A ent study provide further support for the role of serine 
-. protease(s) in the process of follicle rupture. However, 
the failure of antiplasmin agents to completely block 
hCG-induced ovulation suggests that other compo- 
nents, in addition to the plasmin-generating system, 
participate in follicle rupture. 

Espey? has hypothesized that the preovulatory go- 
nadotropin surge may induce mammalian ovulation by 
‘initiating an inflammation-like reaction in mature ovar- 
~ jan follicles. The role of common mediators of inflam- 

- mation, such as prostaglandins and histamine, in the 
process of follicle rupture has been demonstrated in 
previous studies with the perfused rabbit ovary prep- 
| aration.” Other reports provide evidence that ovula- 
-tion can occur despite significant inhibition of plasmin- 
Cogen activator activity.’ The plasminogen activator— 
-plasmin system may contribute to collagenolysis in 
: ~ connective tissues. of the ovarian follicles, but the 
_ present data cannot exclude the possibility of the in- 
~ volvement of inflammatory mediators other than the 
y _plasmin-generating system in the process of follicle wall 
disruption. 
In conclusion, we propose a working model for the 
oo mechanism of f follicular wall disruption in mammals 
: (Fig. 6), which is a modification of the model suggested 
: by Espey." After the gonadotropin surge, plasminogen 
~ activator, which is responsible for plasmin formation, 
< is produced by granulosa and theca cells.’ '° An ele- 


































vation of the level of plasminogen activator in the fol- 
licle yields increasing intrafollicular concentrations of © 
plasmin. The presence of plasmin and other serine pro- 
teases leads to the activation of latent collagenase, re- 
sulting in the degradation of collagenous connective 
tissue in the follicle. A series of enzyme systems acting 
locally alters the structural integrity of the follicle wall 
and facilitates follicle rupture. 
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- Disruption of embryonic and fetal development due to 
preimplantation chemical insults: A critical review 


Philip M. Iannaccone, M.D., Ph.D., Nancy L. Bossert, B.A., and Camille S. Connelly, B.A. 


Chicago, Ilinois 


Descriptive teratology has developed several fundamental precepts, two of which can now be challenged 
on the basis of experimental evidence. The first is that prior to implantation the developing embryo is not 
susceptible to survivable defects from chemical injury. The second is that developmental defects cannot be 
due to mutational events since rare events seem unlikely to explain alterations in large populations of 
cells. This review presents current experimental evidence demonstrating that the effects of chemical 
exposure on blastocyst stage embryos may be manifest long after the time of insult and that subtle 

~ nonlethal mutations may have a role in poor fetal performance after early chemical exposures. {Am J 


-< QasTeT GYNECOL 1987;157:476-84.) 


Key words: Preimplantation, mammalian embryology, teratology, pregnancy outcome 


The tragic consequences of thalidomide use during 


= pregnancy made the susceptibility of the developing 


fetus to chemical exposure abundantly clear. Many 


chemicals, some found frequently in our environment, 
— have been described as teratogens. Many of these te- 


ratogens are now avoided and thus represent less of a 
threat to modern pregnancies than at other times. How- 


ever, maternal smoking remains a major source of fetal 


exposure to environmental toxicants during gestation. 
_ Simpson! reported the first clear association of mater- 
nal smoking with adverse effects on the developing 
fetus. This work demonstrated a significant dose- 
| dependent association between maternal smoking and 


oF premature birth. A clear association between maternal 


g l smoking and perinatal mortality, spontaneous abortion, 
oe and sudden infant death syndrome as well as maternal 
~~ complications has been demonstrated.” Traditional 
; < studies of this association have examined mechanisms 
x -of fetal disruption during organogenesis and later ges- 
-tational periods. Many studies aimed at understanding 
-the relationship of smoking to pregnancy complica- 
tions, both maternal and fetal, have concentrated on 
the direct toxic effects of nicotine in late gestation.” " 
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However, tobacco and tobacco smoke contain a number 
of highly mutagenic substances. Indeed, nicotine itself 
can be metabolized to form mutagens.’ 

It has been generally held that prior to implantation, 
the embryo is insensitive to developmental program 
shifts as a result of chemical exposure.”’ Recent studies 
have shown this concept to be an oversimplification. In — 
this review we describe the possible role that mutations 
during preimplantation development may play in poor 
pregnancy outcome. 


Preimplantation development 

The preimplantation period of development in 
mammals is the time from fertilization to implantation 
(Fig. 1). The length of this period varies with different 
species. The preimplantation period is about 7 days in 
length in humans, 4 days in mice, and 5 days in rats. 
In many mammalian species, at this stage of develop- 
ment, the embryo is 100 pm in diameter, is associated 
with two polar bodies remaining from meiotic division, , 
and is surrounded by a chemically complex structure - 
called the zona pellucida. The zona pellucida is a highly 
refractile, noncellular coat consisting of mucopolysac- 
charides and sialic acid residues. The zona pellucida is 
important to early development for several reasons. 
Penetration of the egg by the fertilizing spermatozoon 
is accompanied by changes in the zona that help prevent 
polyspermic fertilization. The zona provides a con- 
straint to cleavage and ensures that as the blastomeres 
divide they remain together and in the proper orien- 
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Fig. 1. Photomicrographs of living preimplantation mouse embryos (Hoffman modulation contrast 
optics). A, Pronuclear stage, single-cell embryo approximately 9 hours after fertilization. Both the 
maternal (m) and paternal (p) pronuclei are visible in the center of the embryo. The embryo is 
surrounded by the zona pellucida (zp in panel F). One polar body (pb) is still visible. B, First cleavage 
stage, two-cell embryo approximately 33 hours after fertilization. C, Four-cell embryo, approximately 
48 hours after fertilization. D, Eight-cell embryo, before compaction, approximately 54 hours after 
fertilization. E, Postcompaction, eight-cell embryo approximately 60 hours after fertilization. F, 
Blastocyst stage embryo, approximately 86 hours after fertilization. All embryos are approximately 


100 pm in diameter. Bar = 20 um. 


tation, The zona also prevents the embryo from ad- 
hering to the wall of the oviduct. 

Mitotic cleavage division occurs entirely in the ovi- 
duct of most mammals, including man. The dividing 


embryo traverses the oviduct as the combined result of 


ciliary motion and muscular contraction. Divisions are 
symmetrical and reductive, resulting in a geometric in- 
crease in the number of blastomeres while the embryo 
remains a constant size. Prior to the eight-cell stage 
embryos in some mammalian species appear to have 
equivalent, totipotent blastomeres." ” 

During early cleavage (the late eight-cell stage in the 
mouse) the embryo undergoes compaction, the mor- 
phogenetic process by which an embryo progresses 
from a collection of rounded, loosely associated blas- 
tomeres into a spherical embryo.'" Individual blasto- 
meres change shape and flatten against one another, 
thus maximizing the amount of cell-to-cell contact. 
Compaction appears to involve three steps: cell surface 
recognition and attachment of a ring of lateral micro- 
villi to adjacent blastomeres, subsequent microfilament 
shortening in these lateral microvilli, and maintenance 
of the compacted, polarized state, which results in ap- 
ical localization of microvilli on each blastomere. Com- 


paction seems to be reversible and can be reinduced, 
but polarization of microvilli can occur only once." 

Prior to compaction, sister blastomeres of mouse em- 
bryos exhibit ionic coupling and possess cytoplasmic 
bridges that admit both fluorescein and horseradish 
peroxidase, a large molecule unable to cross gap junc- 
tions. Blastomeres from different mitotic pairs do not 
have demonstrable intercellular pathways. Intercellular 
communication mediated by gap junctions is first de- 
tected in the compacted eight-cell mouse embryo, At 
this stage, ionic coupling is observed and fluorescein 
injected into one cell is distributed to all eight cells of 
the embryo." Gap junction formation does not appear 
to require concurrent protein synthesis since inhibition 
of protein synthesis by cycloheximide treatment fails to 
block gap junction construction.” 

The increase in cell number from the eight-cell to 
the 16-cell stage necessitates that a certain number of 
cells occupy the interior of the morula and are com- 
pletely separated from the outside by other cells. The 
external cells create a microenvironment in which the 
internal cells develop. These microenvironmental dif- 
ferences due to geographic location are the basis for 
the “inside-outside” hypothesis formulated by Tar- 
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roblewska * This hypothesis states that 
tk differentiation of blastomeres into trophoblastic 
| and inner mass cells depends on the position of the 
. blastomeres within the embryo. The “inside-outside” 

hypothesis i is best supported by the experiments of Hill- 

man et al.” In these experiments, embryos and parts 
2 of embryos were combined during early preimplanta- 
i tion stages. Each blastomere of a four-cell embryo could 
form both the trophectoderm and the inner cell mass 
of the blastocyst. However, when individual blasto- 
meres of a four-cell embryo were placed on the outside 
of other four-cell embryos, they usually formed the 
outside layer of the blastocyst and went on to develop 
into the trophoblast and the yolk sac. Similar results 
were seen with eight-cell embryos. 

Subsequent to compaction, polarization, and gap 
junction formation, zonular tight junctions are formed 
between peripheral blastomeres. The resulting barrier 
allows for the development of a fluid-filled cavity (blas- 

—_tocele) within the embryo. This is the beginning of the 
<= blastocyst stage of development. The blastocele en- 
~~ larges as cells in this area degenerate, until the embryo 
resembles a hollow sphere. It comprises a single layer 
of large, flat cells on the periphery, called the trophec- 
_ toderm or trophoblast, and an eccentric aggregate, 
known as the inner cell mass. The trophectoderm will 
develop into extraembryonic tissues, including the pla- 
centa, and is responsible for implantation and invasion 
of the maternal uterine tissue. The inner cell mass will 
develop into the fetus. 
Implantation begins in the late blastocyst stage of the 
_ developing embryo. Implantation can be viewed as a 
_ process with at least three major phases. The first is the 
attachment phase, in which receptors on the trophec- 
toderm are responsible for tight binding to endometrial 
epithelium. The second phase is invasion. In man, the 
trophectodermal cells invade through the basement 
- membrane of the uterine epithelium to establish an 
a implantation site in the stroma of the endometrium. In 
the mouse and rat, the endometrium engulfs the at- 
ached blastocyst, which results in an interstitial im- 
plantation. The third phase is the endometrial response 
ms to the. implanted embryo. In a few eutherian species 
é x (including man, primates, and murine rodents) the 
_ uterine stromal cells undergo a specific reaction called 
decidualization, whereby the stromal cells in the im- 
mediate area of the embryo become large, eosinophilic, 
and transcriptionally active. The cells of the decidual 
swelling may be important in support of pregnancy and 
in suppression of immune rejection of the implanted 
embryo.» © Furthermore, decidual prolactin may be 
involved i in i the regulation of amniotic fluid volume,” 
and decidual luteotropin (a prolactin-like hormone in 
| the rat). has been implicated in the maintenance of the 
=- ~ corpus luteum,” $ 



















Embryonic dysfunction Sn 
There is a significant waste of human life duc to > fetal. ne 


loss. While there are approximately 3 x 10° live births Cs 


a year in the United States, there are approximately 
6 x 10° spontaneous abortions. Ten percent of the live 
births are premature and 13% of the infants have low 
birth weights. There are approximately 3 x 10° peri- 
natal deaths, and about 2.6 x 10* children do not sur- 
vive into their second year." 

The causes of poor pregnancy outcome have long 
been sought. One potential source of disruption of 
pregnancy is the exposure of pregnant women to toxic 
substances during the pregnancy. Of particular concern 
is the exposure of women in the very early periods of 
pregnancy. There has been a scarcity of animal studies 
suited to the study of toxic exposure in early pregnancy, 
to some extent because of the traditional view that 
preimplantation stages of development are refractory 
to the consequences of toxic insult. The general pre- 
sumption that early stages are either killed or left un- 
affected to implant and develop normally has been 
shown to be an oversimplification. The blastocyst stage 
of development has, for example, been shown to be 
sensitive to cyclophosphamide,” heavy metals, and try- 
pan blue.” Early embryos seem to exhibit differential 
sensitivity to treatment, dependent on specific devel- 
opmental stage. For example, mouse embryos at the 
early blastocyst stage (day 3) are much more sensitive 
to the lethal effects of actinomycin D than at any of the 
other preimplantation stages. Actinomycin D prevents 
cleavage at these other preimplantation stages but does 
not cause cell death.” This differential sensitivity can- 
not be attributed to the rate or extent of drug accu- | 
mulation since the less sensitive late blastocysts take 
up actinomycin D more rapidly and accumulate it more 
than do the more sensitive early blastocysts. Blastocysts 
are also more susceptible to the acute effects of methyl- 
mercury than morulae. Methylmercury exerts acute ef- 
fects at high concentrations by arresting preimplanta- 
tion development or by collapsing blastocysts, and at 
low concentrations it interferes with development of 
the inner cell mass.” Furthermore, methylnitrosourea 
will not prevent progression of morula stage embryos 
to the blastocyst stage at concentrations that cause blas- 
tocyst dysfunction.” 

Within individual blastocysts, inner cell mass cells and 
trophectoderm may have different sensitivities to 
chemical insult. Adams et al.” administered various 
substances parenterally, including diethylstilbestrol, an- 
timitotic agents, polyfunctional alkylating agents, and 
purine and pyrimidine analogues, to experimental ; an- 
imals during the preimplantation period of pregnancy 
and found that inner cell mass cells on the whole were 
more noticeably affected. This distinctive susceptibility 
of the inner cell mass and trophectoderm i is presumably 
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the expression of differences in both type and rate of 
metabolic processes, whereby the more active and rap- 
idly proliferating tissue of the embryo proper suffers 
adverse effects more readily. Alternatively, the differ- 
ence in susceptibility between the two cell populations 
may reflect a difference in the recuperative potential 
(such as compensatory growth) of the two tissues. 
The deleterious effects of preimplantation treatment 
range from increased intrauterine mortality to fetal 
growth retardation to actual malformations. For ex- 
ample, exposure to inhaled chloroform from days | 
to 7 significantly impaired the ability of female mice to 
_ maintain pregnancy but was not significantly terato- 
genic.” Mean fetal body weight and crown- -rump length 
were decreased significantly among the sur viving off- 
spring. Intramuscular injection of nickel subsulfide to 
pregnant rats on day 6 of gestation also caused a sig- 
nificant increase in intrauterine mortality, although no 
skeletal or visceral anomalies were observed in pups in 
the treated or control litters.” Single intraperitoneal 
injections of nickel chloride to pregnant mice on 
day 1, 2, 3, 4, 5, or 6 of gestation resulted in decreased 
litter size, diminished fetal body weights, a larger fre- 
quency of both early and late resorptions, and an in- 


oe, creased frequency of stillborn and abnormal fetuses, 
2 when compared with results in control groups.” 


_ Takeuchi” found that single intraperitoneal injec- 


-o tions of methylnitrosourea to mice on day 0, 1, 2, 3, 


or 4 of gestation resulted in no significant differ- 
ences in the number of implantation sites between all 
the methylnitrosourea-treated groups and the control 
groups. However, the mean fetal death rates were 
significantly increased in methylnitrosourea-treated 
groups compared with the control groups, with early 
fetal deaths contributing substantially to these higher 
rates. The mean malformation rates were also signifi- 
cantly increased in groups treated with 10 mg/kg of 
methylnitrosourea on day 2, 3, or 4 as compared with 
the control groups. Exencephaly, cleft palate, and ab- 
normal tail were prevalent malformations in each 
group. Cyproterone acetate treatment of pregnant 
mice” on day 2 resulted in a significant increase in rate 
of intrauterine mortality, exencephaly, and heart ab- 
normalities, a dose-dependent increase in cleft palate 
and urinary tract abnormalities, and a concentration- 
dependent decrease in fetal weight. Medroxyproges- 
terone treatment on day 2 was followed by sporadic 
increases in dead and resorbed fetuses, a decrease in 
fetal weight, and an increase in the rates of cleft palate 
and malformed or abnormally developed fetuses.” Sto- 
reng and Jonsen” found a single intraperitoneal i injec- 
tion of ricin to mice on day 1, 2, or 3 of pregnancy had 

no significant effect on the implantation frequency and 
| the number of live fetuses obtained from treated moth- 
ers. However, the number of abnormal fetuses in the 
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ricin-treated groups exceeded that of the control 
groups, with exencephaly as one of the abnormalities 
observed. Exencephaly is believed to be induced by 
some toxic agents during the period of organogenesis, 
but Storeng and Jonsen hypothesize that the cases in 
this study may be due to an early effect of ricin on the 
preimplantation embryos with subsequent expression 
in later stages of fetal development. 

Various mechanisms might be the cause of the del- 
eterious effects of preimplantation treatment, Some 
chemicals may damage certain maternal tissues that are 
necessary for the maintenance of normal embryonic 
development; some chemicals may cause reduced ma- 
ternal food intake; but in either case growth-retarded. o 
or malformed fetuses may result from damaged ma- x 
ternal functions. To test whether cyclophosphamide in- e 


terferes predominantly with the development of the A 
preimplantation embryo or with the decidualization of m 


the uterus of the mother, rat embryos from treated 
mothers were transferred to untreated recipients and 
embryos from untreated mothers were transferred to 
pretreated foster mothers,” The results showed that. 


when treated blastocysts were transferred to untreated ne 


mothers the overall implantation rate was not signifi- = 
cantly different from that in the untreated, transferred 
control group. However, the percentage of live fetuses 
was significantly decreased and the resorption rate was 
significantly increased when compared with those of 
the control group. When untreated blastocysts were 
transferred to treated foster mothers, the implantation 
rate and the percentage of live fetuses were significantly 
decreased and the resorption rate was signific antly in- 
creased when compared with that of the control group. 
The percentage of live fetuses was reduced to the same 
extent in both treated groups. | 


inner cell mass cell sensitivity 

The effect of chemical exposure in the preimplan- 
tation period does not appear to be simply a matter of 
inner cell mass cell death, particularly at sublethal con- 
centrations of the offending agent. Snow and Tam” 
showed that the mouse embryo could be reduced to 
approximately 10% of its normal size after chemical 
exposure at a ime when it was about to begin organo- 
genesis, but it was nearly normal in size again before 
that phase of dev -elopment was complete. Furthermore, 
much of the recovery in size was accomplished within 
48 hours of the infliction of the damage. During this 
period of compensatory growth the embryo may be 
susceptible to irreversible morphogenetic damage. 
Moreover, the inner cell mass may contain as few as 
three or four cells that are fated to develop into the 
fetus.** Thus any significant cell death within this pop- 
ulation should result in the complete disorganization 
of the embryo. 
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C Fig. 2. Survival curves of offspring derived from embryos 


cee exposed to N-methyl-N-nitrosourea (MNU) or to the solvent 
~ dimethyl sulfoxide (CON). The time after birth is shown in 


weeks, (n = 22 for MNU; n = 58 for CON). (Reprinted with 
permission of Cancer Research, Inc. From lannaccone PM. 
Long-term affects of exposure to methylnitrosourea on blas- 
tocysts following transfer to surrogate female mice. Cancer 
Res 1984;44:2785-9.) 


Combined in vitro, in vivo studies 


Direct acting mutagens. Obviously, it is important to 
establish whether chemical exposures such as those dis- 
cussed above have direct embryonic or fetal effects as 
opposed to maternal effects with subsequent poor preg- 
nancy outcome. We have examined the issue of preim- 
plantation sensitivity to chemical exposure with a com- 
bined in vitro, in vivo approach. In these experiments, 
embryos were removed from the uteri of pregnant mice 
at the blastocyst stage of development and exposed un- 
der precisely defined conditions in a dish. The embryos 
were then removed to the reproductive tract of pseu- 
dopregnant surrogate mothers. These experiments 
have included exposures to N-methyl-N-nitrosourea 
(methylnitrosourea) and the metabolites of benzof[a] 
pyrene. Methylnitrosourea is a direct-acting mutagen 
(that is, metabolism to an activated form is not required 
for mutagenesis) that alkylates large molecules includ- 
ing deoxyribonucleic acid. The manner in which this 
compound causes mutations is chemically analogous to 
the manner in which nicotine metabolites, the so-called 
tobacco-specific nitrosamines, cause mutations.” * Ex- 
posure to this chemical at concentrations well below 
lethal levels results in a dose-dependent decrease in the 
frequency of normal implantation without an effect on 
the total number of implantations (both normal and 
abnormal)."” Blastocyst exposure to methylnitrosourea 
results in dose-dependent decreases in midgestational 
body length and an increase in the frequency of gross 
dysmorphogenesis at day 12 and day 15.** Exposure of 
gravida on day 3 (blastocyst stage in the mouse) results 
in malformations of fetuses in a dose-dependent man- 
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Table I. The 50% effective concentrations 
(EC) of methylnitrosourea 





ECs (ug/ml) 


Incorporation of: 
Tritium-labeled uridine 
Tritium-labeled thymidine 


4.0,* 7.14 
3.0,” 4.27 (4.24) 


Tritium-labeled leucine 3,54 
Normal implantation 1604+ 
Live birth 4.7 


anea 


Modified from lannaccone.™ 


*Incorporation rates determined at the end of a l-hour 
exposure to methylnitrosourea. 


+Incorporation rates determined 18 hours after a 1-hour 
exposure to methylnitrosourea. 


¢Incorporation rates determined 18 hours after a l-hour 
exposure of blastocysts without a zona pellucida to methyl- 
nitrosourea. 


ner assessed at day 18.” The malformations at each of 
the gestational points studied were related to growth 
retardation. When the exposed blastocysts were im- 
planted in the uteri of surrogates that were then al- 
lowed to deliver their offspring, there was a profound 
dose-dependent decrease in the live birth rate. The 
offspring derived from the blastocysts that were ex- 
posed to methylnitrosourea had a threefold higher 
mortality rate than the offspring derived from solvent- 
exposed control blastocysts (Fig. 2).” These data 
strongly support the view that, with increasing sophis- 
tication of cellular coordination required to perform a 
function, the concentration of methylnitrosourea re- 
quired to cause disruption of that function decreases. 
Since the EC. (50% effective concentration, the con- 
centration of methylnitrosourea that results in a 50% 
reduction in the test parameter) of methyinitrosourea 
for the immediate decrease in incorporation rates of 
precursors of macromolecular synthesis were similar to 
those for live birth rates,” it seems reasonable to pre- 
sume that the effects of methylnitrosourea are imme- 
diate even if the manifestation of those effects may take 
place long after exposure (Table I). In aggregate these 
data suggest the possibility that blastocyst dysfunction 
is the result of subtle, nonlethal mutations that result 
in shifts in the developmental program of the embryo. 

Indirect-acting mutagens. Similar embryonic dys- 
function might be expected after exposure to indirect- 
acting mutagens (those that require metabolic ac- 
tivation in order to be mutagenic) if a relevant 
drug-metabolizing system capable of converting these 
chemicals to active metabolites were present in intimate 
contact with the developing embryo in the preimplan- 
tation period. Experiments were performed to deter- 
mine if endometrial lining cells of the mouse uterus 
contain cytochrome P-450—dependent mixed function 
oxidase activity.** Cytochrome P-450 is known to be the 
enzyme system principally responsible for converting 
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stable polycyclic hydrocarbon procarcinogens to unsta- 
ble electrophilic species capable of covalent interaction 
with deoxyribonucleic acid. The mouse uterine lining, 
consisting of both epithelial and stromal cells, is clearly 
a potential source of such enzymes. A number of 
stromal cell populations that are responsive to steroid 
hormones have been isolated.” Several cell strains have 
been isolated and are responsive to either estradiol and 
diethylstilbestrol or to progesterone. Other populations 
that are unresponsive to steroid hormones were iso- 
lated (Fig. 3). The progesterone-responsive cells can 
be growth inhibited by estrone or estriol. The cells con- 
tain inducible aryl hydrocarbon hydroxylase activity 
that catalyzes the conversion of benzo[a]pyrene to 
3-hydroxy-benzo[a]pyrene and is one measure of cy- 
tochrome P-450 activity. Several clones of the endo- 
metrial stromal cell strains have been isolated in the 
presence or the absence of estradiol. These clones 
vary in response to estradiol with respect to cell 
growth.” Estradiol can reduce the basal and induced 
levels of aryl hydrocarbon hydroxylase activity when 
2,3,7,8-tetrachlorodibenzo-p-dioxine is the inducer. 
The degree of induction of the activity by 2,3,7,8- 
tetrachlorodibenzo-p-dioxine is not afected by estra- 


_. diol. The pattern of induction by benzanthracene in 


these clones is different.” The effect of hormone on 
-aryl hydrocarbon hydroxylase induction by two differ- 


©- ent inducers implied that the inducers operate via sep- 


arate mechanisms, presumably different aryl hydro- 
carbon receptors.*' This modulation of cytochrome 
P-450 activity by estrogen is associated with alterations 
in the pattern of microsomal proteins as revealed by 
denaturing sodium dodecyl sulfate—polyacrylamide gel 
electrophoresis. Electrophoresis has also shown that in- 
duction in the mouse liver occurs via different isozymes 
_ than induction in endometrium and that benzanthra- 
cene and 2,3,7,8-tetrachlorodibenzo-p-dioxine induce 
different forms of cytochrome P-450 in the endome- 
trial cells. Additionally, there is a protein with a relative 
molecular weight of 52,400 that, while induced by ben- 
zanthracene in the absence of estradiol, is not induced 
in its presence. There are several possible explanations: 
that the induction of cytochrome P-450 activity by ben- 
zanthracene is altered in some cells by estrogen as the 
result of an interaction between their activated recep- 
tors, which results in a different pattern of isozyme 
induction; that the level of gene expression of the rel- 
evant forms of cytochrome P-450 is directly effected 
by estrogen; or that the induced protein(s) is(are) mod- 
ified posttranscriptionally in the presence of estrogen. 
A similar result has been obtained for the induction of 
uterine aromatase that can be modified by the presence 
of steroid.” 

Endometrial stromal cells possess the ability to con- 
vert benzo[a]pyrene to active metabolites, including 
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Fig. 3. Response of uncloned endometrial stromal cell strains 
to various steroids. The cell strain is shown on the z axis; the 
fold increase in cell number (in comparison to solvent-exposed 
cells) is shown on the y axis. Diethylsubestrol (DES), proges- 
trone (Proges.), estrone, estriol, and 178-estradiol (E2} were 
tested. (Reprinted with permission of Alan R. Liss, Inc. From 
Stols L, Iannaccone PM. Pattern of steroid interaction with 
inducers of aryl hydrocarbon hydroxylase activity in several 
cloned estradiol-responsive stromal cell strains from mouse 
endometrium. J Cell Physiol 1985; 123:395-400.) 


anii- and syn-benzo[a]pyrene-7,8-dihydrodiol 9,10- 
epoxides, which are capable of disrupting blastocyst 
functions in a concentration-dependent manner." 
High-pressure liquid chromatography was used to 
demonstrate the site specificity of oxidation by cyto- 
chrome P-450 in microsomes isolated from estradiol- 
responsive mouse uterine cells. Induced microsomes 
from mouse endometrial stromal cells were incubated. 
with trittum-labeled benzo[a]pyrene and the metabo- 
lites were separated with high-pressure liquid. chro- 
matography. The resulting profiles demonstrated pre- 
dominant oxidation at the 9,10 and 7,8 positions with 
no detectable 4,5 oxidation. These results support the 
conclusion that these cells are capable of generating 
benzo[a]pyrene-diol epoxides from benzo[a]pyrene- 
dihydrodiol. When microsomes from endometrial cells 
and blastocysts were incubated with benzo[a]pyrene- 
7,8-dihydrodiol for 1 hour, there were no morphologic 
effects, either immediately after exposure or 18 hours 
after exposure. This was true whether benzo[a]pyrene 
or the metabolite anti-benzo[a]pyrene-7,8-dihydrodiol 
9,10-epoxide was used. Nevertheless, there was a 
concentration-dependent decrease in the frequency of 
total implantation and in the frequency of normal im- 
plantation rate, as well as in the number of animals that 
showed evidence of pregnancy when treated embryos 
were transferred to surrogate mothers. When embryos 
exposed in this manner were transferred to surrogates 
and allowed to come to term, a dose-dependent de- 
crease in live birth rate was demonstrated. 

The metabolite specificity of this effect was deter- 
mined by exposing embryos to a racemic mixture 
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Fig. 4. Two-dimensional electrophoretogram of total protein from day 12 inbred mouse fetuses 
derived from blastocysts exposed in vitro to methylnitrosourea (10 pg/ml) with subsequent transfer 


to surrogate mothers. The second-dimension gels ( 


shown here) have been silver stained and resolve 


approximately 900 spots. Panel B is from the fetus derived from methylnitrosourea-ex posed blasto- 
cyst and Panel A is from the control (solvent-ex posed) blastocyst. Two examples of protein alterations 


associated with treatment are illustrated (arrows). 


of anti-benzo{a]pyrene-7,8-dihydrodiol 9,10-epoxides. 
After insertion of embryos into the uteri of surrogates, 
there was a striking dose-dependent decrease in im- 
plantation rate and birth rate as well as a dose- 
dependent increase in the resorption rate. This partic- 
ular metabolite is characterized by both cytotoxicity and 
mutagenicity in mammalian cells but not in bacteria. 
Similar experiments are being performed with syn- 
enantiomers, which are identical chemically except that 
the epoxide group is on the same side of the planar 
ring structure as the reference hydroxy-group. This 
difference, however, appears to profoundly decrease 
the mutagenicity of the metabolite while the cytotoxicity 
remains the same.” 


Possible role of mutations 


The possibility that induced mutation in the preim- 
plantation period results in developmental dysfunction 
in the postimplantation period has been explored by 
attempts to identify altered proteins in very early or- 
ganogenesis in the mouse. Embryos were exposed to 
two concentrations of methylnitrosourea at the blas- 
tocyst stage of development and reinserted into sur- 
rogate mothers. These pregnancies were interrupted 
at day 12, a time when organogenesis is just beginning 
in the mouse and maternal tissues can be critically sep- 
arated from fetal tissues. The fetal tissues and fetal 
membranes were isolated and total protein prepara- 
tions were subjected to two-dimensional electrophoresis 
(Fig. 4). The fetal tissues derived from methylnitro- 


sourea-exposed blastocysts demonstrated a relatively 
small number of protein alterations. These alterations 
will be analyzed in an attempt to determine the role of 
mutagenesis in their formation as well as the role the 
alterations may play in peor pregnancy outcome. 

It is clear that the coordinated expressions of the 
thousands of genes required to establish normal fetal 
development could not occur without orchestration by 
a relatively small set of supervisor or master genes. In 
Drosophila such genes have been identified and we 
now know that similar genes exist in mammalian spe- 
cies. Whether these genes have the same function 
in Mammalia as they do in other animals remains to be 
established. We feel that the use of specific chemical 
disruption of embryonic function may serve as a valu- 
able probe for the presence of such supervisor genes. 
Once the protein sequence of the altered protein is 
established, putative gene sequences can be deduced 
and used to define the presence and expression of the 
genes in normally developing fetal tissues. 

The role of mutations in developmental defects can 
be addressed directly by analyzing insertional muta- 
tions that arise from the integration of exogenous de- 
oxyribonucleic acid after pronuclear injection. Such 
transgenic animals have mutations wherever the ex- 
ogenous deoxyribonucleic acid inserts in the host de- 
oxyribonucleic acid. Occasionally, such a mutation oc- 
curs in a gene of developmental importance. If the 
transgenic animal is inbred to allow the expression of 
recessive phenotypes, then the role of the mutation in 
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the defect can be established. This has been accom- 
plished in several instances. Insertional mutation of the 
a 1(I) collagen gene results in disruption of blood vessel 
development and intrauterine death.** In the other ex- 
ample microinjection of deoxyribonucleic acid in pro- 
nuclear stage embryos resulted in a mutation of a gene 
that controls limb formation (Jd). Homozygous off- 
spring of these animals suffer synostosis of the radius 
and the ulna, of the tibia and the fibia, as well as oli- 
gadactyly and syndactyly of digits in the forepaw and 
hindpaw.” Appropriate molecular probes are being 
used to sequence the genes responsible for these mal- 
formations. 

In conclusion, broad advances in many other areas 
of biomedical research with attendant alleviation of hu- 
man loss and suffering only serve to underscore our 
comparative inability to treat or even to understand 
birth defects and perinatal mortality. This must be due 
in large measure to our ignorance of the elegant mech- 
anisms that organize and control fetal development in 
mammals. One can but hope that this situation will 
begin to change in the near future as new techniques 
are brought to bear on problems in reproductive bi- 


ology. 


REFERENCES 


l. Simpson WJ. A preliminary report on cigarette smoking 
and the incidence of prematurity. AM J OBSTET GYNECOL 
1957;73:808-15. 

2. Hasselmeyer EG, Meyer MB, Cata C, Longo LD. In: Pin- 
nzy JM, ed. Smoking and health: a report of the Surgeon 
General. Washington DC: US Government Printing Of- 
fice, 1979:1-93. 

3. Nasrat HA, Al-Hachim GM, Mahmood FA. Perinatal ef- 
fects of nicotine. Biol Neonate 1986;49:8-14. 

4. Weisberg E. Smoking and reproductive health. Clin Re- 
prod Fertil 1985;3:175-86. 

5. Cestonguay A, Tjalve H, Trushin N, Hecht SS. Perinatal 
metabolism of the tobacco-specific carcinogen 4-(meth- 
ylnitrosamino)-1-(3-pyridyl)-1-butanone in C57BL mice. 
JNCI 1984;72:1117-24. 

6. Wison JG. Embryological considerations in teratology. In: 
Wilson JG, Warkany J, eds. Teratology: principles and 
techniques. Chicago: University of Chicago Press, 1965: 
251-61. 

7. Austin CR. Embryo transfer and sensitivity to teratogen- 
esis. Nature 1973;244:333-4. 

8. Tarkowski AK, Wroblewska J. Development of blasto- 
meres of mouse eggs isolated at the 4- and 8-cell stage. 
J Embryol Exp Morphol 1967;18:155-80. 

9. Rossant J, Vijh KM. Ability of outside cells from preim- 
plantation mouse embryos to form inner cell mass deriv- 
atives. Dev Biol 1980;76:475-82. 

10. Sutherland AE, Calarco-Gillam PG. Analysis of compac- 
tion in the preimplantation mouse embryo. Dev Biol 
1985; 100:328-38. 

11. Lo ©, Gilula NB. Gap junctional communication in 
the preimplantation mouse embryo. Cell 1979;18: 
299-409. 

12. McLachlin JR, Caveney S, Kidder GM. Control of gap 
junction formation in early mouse embryos. Dev Biol 
1983,98: 155-64. 

13. Hillman N, Sherman MI, Graham C. The effect of spatial 
arrangement on cell determination during mouse devel- 
opment. J] Embryol Exp Morphol 1972;28:263-78. 


20. 


21. 


22: 


Zo: 


24, 


26. 


27. 


28. 


29. 


30. 


31: 


32. 


33. 


34. 


55: 


36. 


nee A 


Chemicai disruption of preimplantation embryos 483 


. Dodd M, Andrew TA, Coles JS. Functional behaviour of 


skin allografts transplanted to rabbit deciduomata. J Anat 
1980; 130:381-90. 


. Slapsys RM, Clark DA. Active suppression of host-vs-graft 


reaction on pregnant mice. IV. Local suppressor cells in 
decidua and uterine blood. J Reprod Immunol 1982; 
4:355-64. 


. Tyson JE, Mowat GS, McCoshen JA. Simulation of a prob- 


able biologic action of decidual prolactin on fetal mem- 
branes. AM J OBSTET GYNECOL 1984;148:296-300. 


. Herz Z, Khan I, Jayatilak PG, Gibori G. Evidence for the 


secretion of decidual luteotropin: a prolactin-like hor- 
mone produced by rat decidual cells. Endocrinology 
1986; 118:2203-9. 


. Jayatilak PG, Glaser LA, Basuray R, Kelly PA, Gibori G. 


Idenufication and partial characterization of a prolactin- 
like hormone produced by rat decidual tissue. Proc Natl 
Acad Sci USA 1985;82:217-21. 


. Fabro S. Reproductive toxicology: state of the art. Am J 


Ind Med 1983;4:391-3. 

Spielmann H, Eibs HG, Habenicht U, Jacob-Muller U. 
Studies on the action of drugs during the preimplantation 
period in laboratory animals. Exp Biol Med 1982;7: 
162-9. 

Lin TP, Monte IW. The development of mouse blastocysts 
injected with, or cultured in, trypan blue solution. J Re- 
prod Fertil 1973;32:149-51. 

Epstein CJ, Smith SA. Handling of actinomycin D by 
preimplantation mouse embryos. Exp Cell Res 1978; 
111:117-26. 

Matsumoto N, Spindle A. Sensitivity of early mouse em- 
bryos to methylmercury toxicity. Toxicol Appl Pharmacol 
1982;64: 108-17. 

Iannaccone PM, Long-term effects of exposure to meth- 
ylnitrosourea on blastocysts following transfer to surro- 
gate female mice. Cancer Res 1984;44:2785-9. 


. Adams CE, Hay MF, Lutwak-Mann C. The action of var- 


lous agents upon the rabbit embryo. J Embryol Exp Mor- 
phoi 1961;9:468-9]. 

Murray FJ, Schwetz BA, McBride jG, Staples RE. Toxicity 
of inhaled chloroform in pregnant mice and their off- 
spring. Toxicol Appl Pharmacol 1979;50:512-22. 
Sunderman FWJ, Shen SK, Mitchell JM, Allpass PR, 
Damjanov I. Embryotoxicity and fetal toxicity of nickel in 
rats. Toxicol Appl Pharmacol 1978;43:381-90. 

Storeng R, Jonsen J. Nickei toxicity in early embryogen- 
esis in mice. Toxicology 1981 ;20:45-51. 

Takeuchi I. Teratogenic effects of methylnitrosourea on 
pregnant mice befere implantation. Experientia 1984; 
40:879-8 1. 

Eibs H-G, Spielmann H, Hagele M. Teratogenic effects 
of cyproterone acetate and medroxyprogesterone treat- 
ment during the pre- and posumplantation period of 
mouse embryos. I. Teratology. 1982;25:27-36. 

Storeng R, Jonsen J. Inhibitory effect of ricin on the de- 
velopment of preimplantation mouse embryos. J Toxicol 
Environ Health 1983; 12(2-3): 193-202. 

Spielmann H, Eibs H-G. Recent progress in teratology. A 
survey of methods for the study of drug actions during 
the preimplantation period. Arzneimittelforschung Drug 
Res 1978;28:1733-42. 

Snow MHL, Tam PPL. Is compensatory growth a com- 
plicating factor in mouse teratology? Nature 1979;279: 
555-7. 

Markert CL, Peters RM. Manufactured hexaparental mice 
show that adults are derived from three embryonic cells. 
Science 1978;202:56-8. 

Hoffmann D, Brunnemann KD, Adams JD, Hecht SS. 
Formation and analysis of N-nitrosamines tn tobacco 
products and their endogenous formation in consumers. 
IARC Sci Pubi 1984;57:743-62. 

Hoffmann D, Hecht SS, Nicotine-derived N-nitrosamines 
and tobacco-related cancer: current status and future di- 
rections. Cancer Res 1985;45:935-44. 


Le a UU 


484 


37. 


38. 


39. 


40. 


4]. 


42. 


lannaccone, Bossert, and Connelly 


lannaccone PM, Tsao TY, Stols L. Effects of mouse blas- 
tocysts of in vitro exposure to methylnitrosourea and 
3-methylcholanthrene. Cancer Res 1982;42:864-8. 
Bossert NL, Iannaccone PM. Midgestational abnormali- 
ties associated with in vitro preimplantation N-methyI-N- 
nitrosourea exposure with subsequent transfer to surro- 
gate mothers. Proc Natl Acad Sci USA 1985;82:8757-61. 
lannaccone PM, Stols L, Hollenberg PF, Gurka DP. An 
estradiol-responsive mouse endometrial cell strain with 
inducible aryl hydrocarbon hydroxylase activity. J Cell 
Physiol 1983; 116:227-35. 

Jannaccone PM, Fahl WE, Stols L. Reproductive toxicity 
associated with endometrial cell mediated metabolism of 
benzo[a]pyrene: a combined in vitro, in vivo approach. 
Carcinogenesis 1984;5:1437-42. 

Stols L, Iannaccone PM. Pattern of steroid interaction 
with inducers of aryl hydrocarbon hydroxylase activity in 
several cloned estradiol-responsive stromal cell strains 
from mouse endometrium. J Cell Physiol 1985;123:395- 
400. 

Okey AB, Vella LM. Binding of 3-methylcholanthrene 
and 2,3,7,8-tetrachlorodibenzo-p-dioxin to a common Ah 
receptor site in mouse and rat hepatic cytosols. Br ] Bio- 
chem 1982;127:39-47. 


43, 


44. 


45. 


46. 


47. 


48. 


49. 


August 1987 
Am J Obstet Gynecol 


Tseng L. The effect of estradiol and progesterone on 
human endometrial aromatase activity in primary cell cul- 
ture. Endocrinology 1984;115:833-5. 

King HW, Brookes P. On the nature of the mutations 
induced by the diolepoxide of benzo[a]pyrene in mam- 
malian cells. Carcinogenesis 1984;5:965-70. 

Levine M, Hafen E, Garber RL, Gerhing WJ. Spatial dis- 
tribution of Antennapedia transcripts during Drosophila de- 
velopment. EMBO J 19&3;2:2037-46. 

Manley JL, Levine MS. The homeo box and mammalian 
development. Cell 1985:43:1-2. 

Harding K, Rushlow C, Doyle HJ, Hoey T, Levine M. 
Cross-regulatory interactions among pair-rule genes in 
Drosophila. Science 1986;233:953-9. 

Hartung S, Jaenisch R, Breind! M. Retrovirus insertion 
inactivates mouse ai(I) collagen gene by blocking initia- 
tion of transcription. Nature 1986;320:365-7. 

Woychik RP, Stewart TA, Davis LG, D’Eustachio P, 
Leder P. An inherited limb deformity created by inser- 
tional mutagenesis in a transgenic mouse. Nature 1985; 
318:36-40. 





SYMPOSIUM 


ASSA See essai user hire esunemns seinen 


Infection: A Complication of Obstetric and 


Gynecologic Surgery 


F. Gary Cunningham, M.D., Chairman 
Dallas, Texas 


The following papers are based on selected presentations delivered at the 
symposium, “Infection: A Complication of Obstetric and Gynecologic Sur- 
gery,” held at Napa, California, July 24-27, 1986. 


Funds for the symposium were provided by an educational grant from Led- 


erle Laboratories. 





Treatment and prevention of female pelvic infection: The quest 


for single-agent therapy 


F. Gary Cunningham, M.D. 
Dallas, Texas 


The advantages of a single-agent regimen for prevention or treatment of female pelvic infections are 
outlined, and the characteristics of an “ideal” single agent are described. Indications for antimicrobial use 
in obstetrics and gynecology as well as the pathogens most likely to cause infection are reviewed. 
Empirical treatment regimens are assessed not only for efficacy but also for safety, simplicity, cost, and 
potential for inducing bacterial resistance. Piperacillin, as an example of an antimicrobial that may be 
appropriate for singie-agent use in femaie pelvic infections, is evaluated in depth. (Am J OBSTET GYNECOL 


1987;157:485-8.) 


Key words: Single-agent therapy, antimicrobial resistance, surgical infection 


Female pelvic infections almost always involve an- 
aerobes and aerobes that compose normal cervicovag- 
inal flora. To ensure adequate antimicrobial coverage 
for all potential pathogens, standard therapy usually 
consists of two or more antibiotics given simultaneously. 
Aithough such conventional multiagent regimens have 
been able to eradicate most of these infections, the quest 
for a clinically effective single agent continues to be of 
primary interest. In fact, the attractiveness of such an 
antimicrobial has been significantly enhanced in recent 
years by considerations that include the cost of mixing 
and administering several drugs compared with the 
simplicity of a single-drug regimen. 

The increased use of perioperative prophylaxis over 
the past 15 years has added new, and sometimes 
worrisome, dimensions to the problem of treating 
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infection-related complications. The potential for in- 
ducing microbial resistance is integral to any decision 
regarding prophylactic antibiotic use. Thus ideal single- 
agent therapy would include minimal resistance in- 
duction. 


ideal single agent 


The ideal single anubiotic for treatment and preven- 
tion of female pelvic infection must have a wide spec- 
trum of in vitro activity inclusive of most major patho- 
genic bacteria likely to cause such infections. Moreover, 
the agent should have a well-studied and verified rec- 
ord in clinical practice. It should also have suitable tis- 
sue penetration at target sites most likely to be involved, 
such as pelvic abscesses. The ideal agent would have 
minimal potential for inducing bacterial resistance, thus 
making it useful for perioperative prophylaxis as well 
as for treatment. Finally, it should be safe and relatively 
inexpensive. 
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Piperacillin is a semisynthetic acylamino penicillin 
that has most of these characteristics and is used as 
monotherapy for treatment and prevention of female 
pelvic infection. In this symposium, we will review the 
clinical aspects of piperacillin vis-a-vis specific infections 
that we frequently prevent or treat, and we may con- 
clude that it fulfills many requirements of an ideal agent 
for single-drug therapy. 


Antimicrobial indications 


Nonsurgical pelvic infection. By far, the most com- 

mon indications for parenteral antimicrobial use in ob- 
stetrics and gynecology are pelvic infections that occur 
‘after operation. Nevertheless, we do encounter non- 
surgical infections, the most common of which is acute, 
community-acquired salpingitis. These infections can 
be complicated by peritonitis and tuboovarian abscesses 
and frequently cause sterility. Other nonsurgical infec- 
tions include perineal and Bartholin gland abscesses, 
which can be particularly dangerous in women with 
diabetes. 

Surgical infections. Pelvic infections that occur after 
obstetric or gynecologic operations are most frequently 
encountered after cesarean section or abdominal or 
vaginal hysterectomy. Other surgical procedures, such 
as ovarian or tubal operations, are seldom complicated 
by infection and thus have not been extensively studied. 

Prophylaxis. Although there are no rigid guidelines 
to define women who are candidates for perioperative 
prophylaxis, most infectious disease specialists agree 
that antimicrobials significantly reduce the rate of post- 
operative infection among women undergoing proce- 
dures known to be, or likely to be, contaminated. Spe- 
cific indications for such prophylaxis in cesarean section 
or abdominal or vaginal hysterectomy will be addressed 
during this symposium. 


Pathogens 


Studies have shown that most female pelvic infec- 
tions, surgical or nonsurgical, are caused by bacteria 
that compose the normal cervicovaginal flora. In 1977, 
for example, we reported a study of nearly 200 women 
with acute salpingitis and showed that the pathogens 
isolated from the peritoneal fluid taken from these 
women were identical to those found in women with 
postoperative obstetric and gynecologic infections.' Un- 
like surgical patients, these women apparently have a 
breach of the epithelial defenses caused by primary 
infection with pathogens that are not considered nor- 
mal flora. 

Sexually transmitted diseases: The exceptions. The 
most obvious exceptions with respect to the etiology of 
community-acquired salpingitis are the sexually trans- 
mitted pathogens Neisseria gonorrhoeae, Chlamydia tra- 
chomatis, and perhaps others, In our 1977 study, we 
found that about half of the cases were initiated by 
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gonococcal infection, and Scandinavian investigators 
have subsequently concluded that nearly one third of 
cases of salpingitis are initiated by C. trachomatis infec- 
tion, This incidence is probably similar in American 
women. However, in as many as half of women with 
salpingitis, initial infection with N. gonorrhoeae or 
C. trachomatis is followed by secondary infection with 
opportunistic organisms that compose the normal flora, 
and thus they are similar to postoperative infections. 

Bacterial isolates. In general, bacteria most com- 
monly isolated from women with pelvic infections are 
anaerobic streptococci (Peptostreptococcus and Peptococ- 
cus sp.), aerobic streptococci (group B streptococci and 
enterococci), coliforms (Escherichia coli and Klebsiella), 
Bacteroides sp. (B. fragilis and B. bwius), and Clostridium 
sp. Some of these deserve special mention. 

Bacteroides. Approximately 10% to 20% of women 
with pelvic infections are infected with a member of 
the genus Bacteroides (B. fragilis, B. brvius, B. melanino- 
genicus), and this remains an important consideration 
for selecting an antimicrobial regimen for treatment. 
For perioperative prophylaxis, activity against Bacter- 
oides and specifically B. fragilis appears less important. 

We must continue to carefully monitor susceptibility 
of B. fragilis because of its pathogenicity and typical 
antimicrobial resistance. During the mid-1960s, for ex- 
ample, Baclerotdes—a relatively “new” discovery at the 
time—was quite sensitive to the tetracyclines, but cur- 
rently as many as 65% of isolates are resistant. Without 
In vitro susceptibility audits, however, we would have 
experienced 2 to 3 years of clinical failures and mor- 
bidity before arriving at the conclusion that, because of 
resistance by Bacieroides, tetracycline was no longer ef- 
fective as empirical therapy for pelvic infection caused 
by these organisms. 

Enterococci. After anaerobic streptococci, the patho- 
gens most frequently isolated from women with pelvic 
infection at Parkland Hospital are aerobic streptococci. 
Particularly worrisome is that enterococci (Sireplococcus 
faecalis) are isolated from nearly 25% of these women 
when cultures are taken from the uterus, amniotic fluid, 
or vaginal cuff. The pathogenicity of enterococci, which 
are generally considered low-virulence organisms, is 
still a matter of controversy. Nevertheless, since the 
organism is highly resistant to most currently used an- 
timicrobials, a growing number of clinicians are intul- 
tively concerned about providing coverage for it. Mi- 
crobiologic trends indicate that enterococci are isolated 
more often than in previous decades, and there is 
concern that they may prove to be the emerging 
pathogens—the methicillin-resistant Staphylococcus—of 
the 1980 and 1990s. 


Resistance 


The problem of bacterial resistance to many potent 
antimicrobials is no longer theoretical and is a serious 
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threat to effective treatment of infection. Therapy for 
most surgical infections is empirical, and we seldom 
prescribe an antimicrobial on the basis of culture re- 
sults. Audits of bacterial susceptibilities are crucial 
therefore to continuing successful empirical therapy by 
allowing detection of ‘ecologic shifts and acquired re- 
sistance of bacterial strains to standard therapeutic reg- 
imens. : 

Resistance of Bacteroides has been reported with in- 
creasing frequency in recent years and is a problem of 
particular concern to those interested in obstetric and 
gynecologic infections. Cuchural et al.? examined pat- 
terns of resistance for 500 to 700 isolates each year for 
1981 and 1982 and reported a rise in the incidence of 
resistance of Bacteroides strains to cefoxitin in vitro from 
8% to 16%. This also reflects our experience with clin- 
ical isolates from women with post—cesarean section 
infections at Parkland Hospital.’ There have been dis- 
turbing reports of in vitro resistance of Bacteroides to 
clindamycin, the “gold standard,” as high as 10% in 
some centers since 1980.1 Although clinical failures 
have not as yet reflected such in vitro resistance, it is 
imperative that we be aware of these trends to continue 
rational selection of empirical regimens. 

In surgical prophylaxis, not only is existing bacterial 
resistance important but also there is concern about 
inducing resistance. Although it is uncertain whether 
such limited antimicrobial exposure induces significant 
resistance, antibiotic pressure in the form of numerous 
exposures definitely selects out nonsusceptible organ- 
isms. Another consideration is whether the drugs given 
for surgical prophylaxis induce B-lactamases that might 
render these agents useless in the future. 


Empirical treatment regimens 

Since treatment of female pelvic infections is largely 
empirical, antimicrobials used should be effective 
against the wide spectrum of potential pathogens. Al- 
though mild-to-moderate pelvic infections are fre- 
quently treated with a second-generation cephalospo- 
rin alone, serious infections are best treated with a “big 
gun” regimen. For clinical purposes, clindamycin plus 
an aminoglycoside remains the “gold standard” in 
terms of providing the best coverage for empirical 
treatment.’ Although highly effective, this regimen has 
drawbacks that include toxicities associated with the 
aminoglycoside as well as costs of extra staff time re- 
quired to administer and monitor two drugs. To avoid 
the side effects of aminoglycosides, some practitioners 
prefer clindamycin plus a cephalosporin. With this reg- 
imen, toxicity is less of a concern, but the expense of 
a two-drug regimen remains. Another highly effec- 
tive regimen, used infrequently, is the combination 
of a cephalosporin or penicillin with chloramphenicol. 
Many feel that the rare possibility of chloramphenicol- 
induced aplastic anemia precludes its use. Finally, met- 
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ronidazole, which has excellent in vitro activity against 
anaerobes, has been used in combination with an 
aminoglycoside or a penicillin; however, the clinical ef- 
ficacy of such regimens has not been tested extensively. 

Cefoxitin, a second-generation cephamycin, is fre- 
quently used as monotherapy for mild-to-moderate in- 
fection possibly caused by B. fragilis. As with other reg- 
imens, enterococci are not covered, but the conse- 
quences of this window in its spectrum are uncertain. 
Cefoxitin induces B-lactamases, which may be of clinical 
importance. 


Piperacillin: single-agent therapy? 

The suitability of any antimicrobial for single-agent 
therapy depends on how well it fulfills criteria previ- 
ously outlined. Piperacillin is highly effective in vitro 
against both anaerobes and aerobes commonly isolated 
from female pelvic infections.‘ In a survey of 1140 
mixed isolates from women undergoing hysterectomy 
at Parkland Hospital, Heard et al.* reported that pi- 
peracillin had the greatest in vitro activity of 13 drugs 
tested. An important exception to coverage obtained 
with piperacillin, as with all B-lactams, is lack of ac- 
tivity against C. trachomatis. This intracellular organ- 
ism is associated with 30% to 50% of cases of acute 
salpingitis in the United States, and specific therapy 
with a tetracycline or erythromycin is used to eradi- 
cate it. A less important window with respect to antimi- 
crobials given for pelvic infections is the lack of activ- 
ity against coagulase-positive G-lactamase—producing 
staphylococci. | 

Enterococcal coverage. Since the pathogenicity of 
enterococci is controversial, the efficacy of piperacillin 
against these aerobic streptococci is currently a theo- 
retical advantage. We continue to isolate these organ- 
isms from 25% of women with pelvic infections at Park- 
land, and in light of recent microbiologic trends, en- 
terococcal coverage may prove to be a pragmatic, and 
crucial, advantage in the future. 

Clinical efficacy. Piperacillin has been shown clini- 
cally effective in preliminary studies reported thus far. 
Since 1983, Sweet and Gilstrap and their colleagues*’ 
have reported on a total of 65 women with moderately 
severe pelvic infections that were treated with pipera- 
cillin. These were randomized studies and the com- 
parative drugs were cefoxitin or clindamycin plus gen- 
tamicin. There was a 92% clinical success rate with pi- 
peracillin, and side effects were negligible. The results 
of other studies will be reported in this symposium. 

B-Lactamase induction. Piperacillin is relatively re- 
sistant to most B-lactamases and does not readily induce 
microbial -lactamase production. Thus bacterial re- 
sistance to piperacillin is less common than with “high 
inducers” of B-lactamases, such as some of the cepha- 
losporins. Since perioperative antimicrobial prophy- 
laxis is commonplace in numerous surgical procedures, 
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agents that do not induce bacterial resistance may be 
particularly valuable. Moreover, single-dose prophy- 
laxis would intuitively lower the potential for resistance 
even further, and the efficacy of such regimens is being 
studied. 

Safety. Piperacillin enjoys minimal toxicity common 
to all penicillins and can be used with confidence in 
nonallergic patients. Unlike aminoglycosides, pipera- 
cillin is not usually nephrotoxic and is not ototoxic. 

Cost. There are several ways in which drug costs are 
assessed, The simplest is the basic cost of a drug itself, 
which, for piperacillin, is relatively low compared with 
the cost of some third-generation cephalosporins. An- 
other way is to calculate staff costs for mixing, admin- 
istering, and monitoring, and single-agent therapy is 
almost always less expensive than combination regi- 
mens. Finally, the risk and inherent costs of antibiotic 
failure can be high and can render low-priced but less 
effective regimens more expensive. 
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Single-agent therapy for women with acute polymicrobial 


pelvic infections 
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Pathogens that cause acute polymicrobial female pelvic infections usually do not differ from those that 
compose the normal flora of the lower reproductive tract. Accurate identification of these bacteria is difficult 
because cultures obtained via the lower tract can easily be contaminated. Although use of a double-lumen 
catheter-protected brush culture cannot compietely eliminate the risk of contamination, it is the least 
invasive method for obtaining culture material from the upper reproductive tract. Compounding the problem 
of accurately identifying pathogens that cause acute upper tract infections is the fact that bacteria appear 
to be present in the upper tracts of asymptomatic women with normal examinations. Because of these 
problems and because of the polymicrobial nature of these infections, empiric therapy frequently includes 
more than one antimicrobial agent. Newer, semisynthetic penicillins and cephalosporins have expanded 
spectrums of in vitro activity against most of the bacteria frequently recovered from pelvic infection sites. 
Comparative clinical trials have shown these agents to be as effective when used alone as is combination 
therapy. With few exceptions, empiric monotherapy with one of these newer antimicrobials will be 

curative for women with acute upper tract infection, will have less potential toxicity, will require less space, 
materials, and manpower to administer, and will be less Expenave: (AM J OssTET GYNECOL 1987;157: 


488-90.) 
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The normal flora of the lower reproductive tract has 
been described by numerous investigators.’ It is from 
these bacteria that inoculation of a pelvic operative site 
occurs, resulting in hospital-acquired infection after 
hysteréctomy or cesarean section. The same patho- 
gens may be recovered from women with community- 
acquired infection. Neisseria gonorrhoeae is isolated from 
the majority of women treated in the United States for 
acute salpingitis. A significant problem for the obste- 
trician and gynecologist is how to accurately culture the 
infected pelvic site. Modification of a bronchial double- 
lumen catheter brush device now allows culture of the 
endometrium with little, if any, contamination by lower 
reproductive tract flora.® It is much more difficult to 
culture the infection site in women who develop a pelvic 
infection after hysterectomy because the infection is 
usually cephalad and lateral to the vaginal surgical mar- 
gin. When an accurate culture is performed, it is not 
uncommon to recover a mixture of three to nine aero- 
bic and anaerobic gram-positive and gram-negative 
bacteria from infection sites, compounding the prob- 
lem of accurately identifying the true pathogen. Al- 
though blood cultures are quite accurate, most are ster- 
ile prior to treatment for acute pelvic infection. 


Upper tract flora 


Ongoing research in our institution indicating that 
there may be a “normal flora” in the upper reproduc- 
tive tract may further compound the problem of ac- 
curately identifying pathogens in women with acute 
community-acquired pelvic infection. Women recently 
admitted for treatment of acute pelvic inflammatory 
disease had endometrial cultures performed with the 
protected-brush device prior to treatment as well as 
when they attended the clinic 4 to 14 days after therapy. 
Even tnough they were afebrile, asymptomatic, and had 
a normal pelvic examination, a mean of more than 
three bacteria was recovered from protected endo- 
metrial cultures. Gram-positive aerobes and gram- 
positive and gram-negative anaerobes including Bac- 
teroides fragilis: were recovered, as was Chlamydia tra- 
chomatis (unpublished data}. Those unsuspected results 
stimulated similar evaluations in consenting asymptom- 
atic women with normal pelvic examinations who were 
attending our family planning clinics for annual ex- 
aminations. None had a history of prior acute pelvic 
inflammatory disease. A mean of more than four bac- 
teria wes recovered from 36 women for whom such 
data are available. This appeared to confirm the hy- 
pothesis that an upper reproductive tract flora may 
exist. Peritoneal fluid from asymptomatic women un- 
dergoing elective tubal sterilization has been cultured 
and found to contain bacteria.’ 


Combination therapy 


The polymicrobial nature of acute pelvic infections 
has been thoroughly elucidated.*"' As a result, com- 


Single-agent therapy for pelvic infections 489 


bination antimicrobial therapy was usually used for ini- 
tial empirical therapy of such infections. Penicillin, for 
example, was usually combined with an aminoglycoside 
or tetracycline, with an. efficacy of 70% to 80%. Results 
with such regimens were similar in our hospital.’? An 
anaerobic-specific antimicrobial such as clindamycin or 
chloramphenicol was not included initially because of 
the potential toxicity associated with these agents. Since 
a third antibiotic was required in 20% to 30% of cases, 
and since a significant number of anaerobes was re- 
covered from cultures taken from pelvic infection sites, 
a decision was made to evaluate anaerobic-specific an- 
timicrobials as part of initial therapy. Efficacy with clin- 
damycin/gentamicin was 95% compared with only 71% 
for penicillin/gentamicin, clearly indicating a need to 
include predictable antianaerobic activity as part of ini- 
tial therapy.'* Both clindamycin and metronidazole 
have been combined with an aminoglycoside and are 
associated with efficacy of 95% or better." 

Many obstetricians and gynecologists administered 
ampicillin as initial therapy for pelvic infections and 
continue to do so with success (~95% efficacy). If such 
is the case, alteration in therapeutic regimen is not in- 
dicated. However, if the result is comparable with the 
81% efficacy rate reported by Sorrell et al., altering 
the therapeutic regimen should be considered to 
achieve and maintain efficacy in the mid-90% range. 
Newer semisynthetic penicillins have an expanded 
spectrum that includes bactericidal activity against 
gram-positive and gram-negative aerobic and anaero- 
bic bacteria.’*'? The same is true for expanded- 
spectrum cephalosporins. '® '3° 


Aminoglycosides 

With the development of synthetic antimicrobials 
that demonstrate in vitro activity against a wide range 
of gram-positive and gram-negative aerobic and an- 
aerobic bacteria and that are as effective clinically as 
combination therapy, the necessity for combination 
therapy becomes less clear. Most combination regimens 
include an aminoglycoside. The predominant gram- 
negative aerobic pathogen in pelvic infections is Esch- 
erichia coli. Although E. coli and other Enterobacteria- 
ceae recovered from women with acute pelvic infection 
are usually exquisitely sensitive to aminoglycosides, 
they are also sensitive to many of the newer penicillins 
and cephalosporins. The therapeutic range for gen- 
tamicin falls between peak concentrations of 5.0 and 
8.0 ug/ml and trough concentrations of 0.5 and 1.8 
ug/ml at an 8-hour dosing interval. Renal toxicity and 
ototoxicity occur in 3% to 10% of patients treated with 
aminoglycosides and usually occur when peak concen- 
trations are >12 to 15 pg/ml and trough concentrations 
exceed 2 ug/ml. To make these determinations, re- 
peated serum gentamicin concentrations must be per- 
formed: Since each such determination costs approxi- 
mately $30, using serum concentrations to adjust dos- 
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age can contribute significantly to higher or increased 
health care costs. If such precision therapy is required 
to eradicate a pathogen sensitive only to amirioglyco- 
sides, the cost would certainly be justified. Fortunately, 
however, such a situation is rare in acute pelvic in- 
fections. 

The recommended gentamicin dose for patients with 
severe infections is 3.5 mg/kg/day and is increased 
to 5 mg/kg/day in life-threatening infections. Zaske 
et al? have determined the pharmacodynamics of 
gentamicin in both obstetric and gynecologic patients 
and reported that the dose required for the treatment 
of such patients with acute pelvic infection ranges from 
1.9 to 14.0 mg/kg/day. In obstetric patients and gyne- 
cologic patients, respectively, mean doses of 5.2 and 
5.1 mg/kg/day were réquired to maintain the con- 
centration of gentamicin within a therapeutic range: 
Forty-seven percent of the women required more than 
5 mg/kg/day to maintain therapeutic concentrations. It 
was also learned that approximately 75% of patients 
required a 6-hour—not an 8-hour—dosing interval. 
Thus combination therapy that includes an aminogly- 
cosidé is more costly, is potentially more toxic, re- 
quires monitoring, and requires more man hours to ac- 
complish. 


Single-agent therapy 

The primary concern of the physician treating a 
woman with an acute polymicrobial soft tissue pelvic 
infection obviously is curing the infection. If varidus 
regimens are therapeutically equivalent, the potential 
for toxicity or adverse reaction should be the next con- 
sideration. Finally, if regimens are relatively equivalent 
with respect to efficacy and safety, cost becomes the 
important consideration. Regimens combining several 
therapeutic agents are occasionally necessary in the 
treatment of the woman with an acute pelvic infection 
but should demonstrate superior efficacy to justify the 
risks of adverse reactions and the increased costs of 
drug, storage space, and manpower associated with 
their use. Such justification exists in infections in which 
a potential pathogen is identified against which the 
single-agent regimen is ineffective, such as C. tracho- 
matis in a woman with acute salpingitis. Large tubo- 
ovarian or pelvic abscesses are in another category of 
infection for which combination therapy is appropriate. 
Single-agent therapy with newer expanded-spectrum 
penicillins and cephalosporins has been repeatedly 
shown to be equally as effective as combination therapy 
for most types of pelvic infection. 
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Changing concepts in obstetric antibiotic prophylaxis 


Rudolph P. Galask, M.D. 
Towa City, Towa 


The evolution of antibiotic prophylaxis in cesarean section is traced from the discovery of sulfa compounds 
in the 1940s to the present. Prolonged courses of antibiotics, initiated before the surgical incision, have 
given way to shorter, three-dose and even single-dose regimens administered after clamping of the 
umbilical cord. Several factors have been proposed to help identify patients at greatest risk of infection. 
Guidelines for antibiotic prophylaxis are reviewed. The effects of antibiotics on host flora are described, 
and the implications of bacterial resistance for selection of a prophylactic agent, particularly with respect to 
induction of the Richmond-Sykes type | B-lactamase enzyme, are discussed. (AM J OBSTET GYNECOL 


1987;157:491-7.) 
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A major challenge for physicians dealing with par- 
turients has been the potential occurrence of serious 
infections during the postpartum period. The inci- 
dence of infection is of even greater concern for those 
patients who undergo an operative delivery. Because 
of these issues, early attempts to decrease the incidence 
of infections with prophylactic antibiotics were re- 
ported soon after effective drugs were discovered. In 
1943, Richards,' for example, reported that the use of 
sulfa compounds decreased morbidity. Hesseltine and 
Thelen,’ however, using local applications of sulfas un- 
der the bladder flap in 1948, did not appreciably reduce 
the infection rate and suggested that local prophylaxis 
of this type would result in a marked increase in adhe- 
sions at the time of a subsequent operation. They con- 
cluded therefore that the use of these compounds was 
not beneficial to their patients. Keettel and Plass” stud- 
ied the use of intramuscular penicillin given to 382 
women delivered vaginally and compared the incidence 
of infections in this group with that in 39] untreated 
control patients. They reported infection rates of 6.4% 
in the control group and 1.3% in the treated group 
and observed that the number of gram-positive organ- 
isms decreased while the gram-negative organisms in- 
creased in the treated group when compared with the 
control group. Although a lower incidence of infections 
in the treated patients was demonstrated, Keettel and 
Plass concluded that the penicillins might be more use- 
ful as prophylaxis in patients requiring a cesarean sec- 
tion. They did not, however, study that population. 

Because of questions regarding the possible devel- 
opment of microbial resistance, the use of prophylac- 
tically administered antibiotics was not well accepted in 
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obstetric practice during the 1950s and 1960s. Indeed 
the efficacy of antibiotic prophylaxis remained contro- 
versial among all of the surgical specialties. In a paper 
presented at the Twenty-second Annual Meeting of the 


Society of University Surgeons, Burke' reported results 
y y 5 P 


ofa study that delineated a specific period during which 
antibiotic action could effectively prevent staphylococ- 
cal wound infections in an experimental animal model. 
He was able to show that if an antibiotic was given at 
any time from 1 hour prior to the inoculation of or- 
ganisms up to 3 hours after the insult, a significant 
reduction in wound size occurred. This study, which 
was later published, established the currently recog- 
nized principle on which effective use of antibiotic pro- 
phylaxis is based, namely, that adequate levels of the 
antimicrobial agent must be in the tissue at the time of 
contamination. 

During the 1970s, several changes in the practice of 
obstetrics increased our understanding of peripartum 
complications, particularly those involving sepsis. Im- 
proved microbiologic techniques, especially methods to 
isolate and identify anaerobic microorganisms, led to a 
clearer perception of the mechanisms of abscess for- 
mation. Obstetricians interested in infectious disease 
began to recognize the role of the indigenous micro- 
flora as the “contaminants” that caused the majority of 
postoperative infectious complications. Moreover, for 
a variety of reasons, the number of cesarean sections - 
being performed was markedly increasing.’ All of these 
factors contributed to the sense that the incidence of 
infection-related complications was unacceptably high 
and provided the impetus for the use of perioperative 
antibiotic administration in obstetrics. 


Evolution of prophylactic regimens 


Reports of sepsis in more than 60% of patients un- 
treated after cesarean section compared with signifi- 
cantly fewer postoperative infections in treated patients 
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prompted a number of obstetrician investigators to rec- 
ommend the use of antibiotic prophylaxis for patients 
undergoing this procedure.*'® Early studies used a pro- 
longed regimen consisting of an initial dose prior to 
the incision followed by 3 to 5 days of antibiotic ther- 
apy.” '''* Fortunately, several investigators recognized 
early that such regimens were therapeutic rather than 
prophylactic and recommended shorter, 1-day, three- 
dose courses beginning prior to the procedure and fol- 
lowed by only two subsequent doses of drug. A major 
advance in obstetric prophylaxis was reported by Gor- 
don et al. when they showed that the administration 
of ampicillin after the umbilical cord was clamped was 
as effective as giving the drug prior to the operative 
delivery procedure. This logical finding, which agreed 
with Burke’s previous work, eliminated the possibility 
of placental transfer of anubiotic to the fetus. Since a 
number of other reports confirmed that delaying ad- 
ministration of the antibiotic until termination of blood 
flow to the infant was as effective for prophylaxis as 
preoperative administration, the majority of obstetri- 
cians have accepted this practice. The use of multiple 
doses of antibiotic to the mother during the first post- 
operative day was, however, continued. In 1983, Haw- 
rylyshyn et al.” reported a significant decrease in post- 
operative infections after a single, 2 gm dose of cefox- 
itin given at the time the umbilical cord was clamped. 
Even though this important finding has been confirmed 
by others, single-dose prophylaxis has not been uni- 
versally adopted.'*"* 


identifying patients at risk 


Unfortunately, early studies included all patients un- 
dergoing cesarean section and did not identify the in- 
fectious sites that were responsible for the reported 
morbidity. When a number of investigators became 
concerned about the indiscriminate use of antibiotics 
in all patients, attempts were made to identify those 
patients who were at greatest risk and who would obtain 
the greatest benefit. 

Gibbs and Weinstein’? were the first investigators to 
report data regarding the risk of infection in their pa- 
tient population. They found that at their institution, 
regardless of whether patients were undergoing pri- 
mary or repeat cesarean section, the risk of infection 
when antibiotics were not used was high. Johnson 
et al., on the other hand, found that patients under- 
going elective repeat cesarean section were at low risk 
of developing infections and did not benefit from an- 
tibiotic prophylaxis. Phelan and Pruyn?' also reported 
that the risk of infection was greatest in those patients 
undergoing primary cesarean sections and that the use 
of an antibiotic resulted in substantially improved out- 
comes. Further refinements regarding the patient pop- 
ulation at risk were reported by Rothbard et al., who 
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demonstrated that women in labor prior to the pro- 
cedure were at greater risk than those who were not in 
labor at the time of primary cesarean section. Others 
have reported similar findings.'® 1 1- 35 

In an attempt to further define the factors that place 
patients at risk for postoperative sepsis, Green et al.’ 
analyzed 15 variables and showed that anemia and a 
general anesthetic, as well as labor, were risk factors in 
their patients. Other investigators have reported that 
ruptured membranes” and internal fetal monitoring’ 
can also be considered factors that increase the risk of 
infection. The identification of the patient population 
at risk, as well as the various events that might predis- 
pose otherwise normal individuals to a septic postop- 
erative course, is extremely important. If one could 
reasonably predict and selectively administer antibiotic 
prophylaxis only to the high-risk population, the ma- 
jority of patients would be spared the potential con- 
sequences of an unnecessary drug. At present, it ap- 
pears that women in labor with ruptured membranes 
who are undergoing a primary cesarean section are at 
risk of infection. The importance of such variables as 
low socioeconomic status, obesity, anemia, internal fetal 
monitoring, type of anesthesia, and blood loss as pre- 
disposing factors appears to vary from report to report. 
Therefore the significance of any or all of these con- 
founding variables must be individualized and consid- 
ered along with the infection rate at a given institution. 


Selecting an agent 


Since 1968, when Miller and Crichton® reported that 
ampicillin prophylaxis was effective in decreasing post- 
operative infections, an increasing number of drugs has 
been added to the list. In fact, to date, penicillin, am- 
picillin, carbenicillin, ticarcillin, piperacillin, cephalo- 
thin, cephaloridine, cefazolin, cefamandole, cefoxitin, 
cephradine, cefoperazone, cefotaxime, moxalactam, 
cefotetan, kanamycin, gentamicin, clindamycin, met- 
ronidazole, and sulfamethoxazole-trimethoprim have 
been used for surgical prophylaxis, and all have dem- 
onstrated efficacy either alone or in combination with 
another compound. The difficulty in comparing drug 
efficacies is that these studies varied with respect to 
patient populations, time, duration, route of adminis- 
tration, and morbidity criteria, as well as major bias 
potential due to lack of prospective blinding of the 
subjects and controls. Nevertheless, when one considers 
the studies as a whole and disregards variations in de- 
sign, it appears that perioperative antibiotics signifi- 
cantly decrease the incidence of postoperative in- 
fection. 

The question that remains therefore is not whether 
to use an agent for prophylaxis but rather which agent 
to use. Ledger et al.” published a proposed list of guide- 
lines, which were subsequently revised and restated by 
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Johnson et al,” on selecting a drug for perioperative 
administration: (1) The procedure must have a signif- 
icant postoperative infectious morbidity or the patient 
must be thought to have an altered host response to 
infection. (2) The operative procedure must be asso- 
ciated with a high probability of microbial contamina- 
tion. (3) The drug must be of low toxicity, must have 
an established record of patient safety, and must not 
be routinely used for serious infections. (4) The drug 
used must have a spectrum of activity that includes 
those microorganisms from the site of contamination 
that are most likely to cause infection. (5) The drug 
must achieve a reasonable tissue concentration during 
the procedure and be administered for a short dura- 
tion. (6) The hospital must have a functioning infection 
surveillance program with established guidelines and 
maintain records of current antibiotic susceptibility pat- 
terns prior to initiating elective antibiotic prophylaxis 
for general use. 

Although meant as guidelines, these tenets constitute 
a practical basis for establishing need for prophylaxis 
and provide the preliminary structure necessary to pro- 
ceed in a given hospital or practice. Nevertheless, con- 
sidering the overwhelming number of effective drugs 
available, the choice of antibiotic remains problematic. 

The aminoglycosides, because of their potential oto- 
toxicity and nephrotoxicity and because they require a 
second drug to provide adequate coverage, should not 
be considered for prophylaxis. Similarly, because of 
their potential maternal hepatotoxicity, the tetracy- 
clines are not suited for this purpose. Of the remaining 
classes of antibiotics, the penicillins and cephalosporin- 
related antibiotics seem the best choices for prophylac- 
tic use in surgical delivery. These B-lactam antibiotics 
have been well studied in both gynecology and obstet- 
rics and have been shown to effectively reduce the in- 
cidence of postoperative infection when administered 
prophylactically during the perioperative period. The 
previously stated guidelines can be helpful for selecting 
an agent since they suggest using a relatively inexpen- 
sive drug that is not used as therapy for serious infec- 
tions. Although this appears simplistic, it must be un- 
derstood that a drug chosen for prophylaxis should be 
one that is not used for nosocomial infections, including 
postoperative sepsis in a patient who received it for 
prophylaxis since resistance to it may have already de- 
veloped. 

For almost 20 years, we have recognized that, in gen- 
eral, any antibiotic given either prior to or early in the 
procedure (when umbilical blood flow has been ter- 
minated) will result in decreased maternal infection. 
Extrapolating from the most recent studies, it appears, 
moreover, that the duration of adequate drug levels in 
the tissues need not be prolonged. Therefore most 
drugs with a reasonable half-life (1 to 2 hours) should 


Concepts in obstetric prophylaxis 493 


be as effective when given as a single dose as when 
given in multiple doses. Since numerous drugs with 
varying spectrums of antimicrobial activity have been 
studied, it is apparent that activity against all of the 
organisms present in the cervicovaginal flora is unnec- 
essary. Although these organisms are frequently iso- 
lated from post—cesarean section infections, simply de- 
creasing their concentration (rather than eradicating 
them) appears to be effective in reducing infection. 


The appearance of resistance 


It would seem that any antibiotic with a reasonable 
half-life and spectrum of activity that is both nontoxic 
and inexpensive would be an ideal candidate for pro- 
phylactic “drug of choice.” However, just as we have 
become more sophisticated with respect to perinatol- 
ogy, we have also begun to understand the wider im- 
plications of our drug choices. Selective pressure by 
frequent use of antibiotics has already altered the ef- 
fectiveness of some of our most well-accepted regimens. 
In many hospitals, for example, the majority of coli- 
forms, for example, Escherichia coli, have become resis- 
tant to ampicillin. Although this type of selection pres- 
sure leading to bacterial resistance has been a concern 
of infectious disease specialists since antibiotic prophy- 
laxis came into vogue, a direct cause and effect has been 
difficult to demonstrate. Nevertheless, Moellering and 
Wennersten,” using computer analysis, were able to 
show that an increase in the prevalence of infections 
due to gentamicin-resistant organisms coincided with 
increased use of the drug at the Massachusetts General 
Hospital. 


Effects of antibiotics on host flora 


The effect of an antibiotic on host flora has been 
evaluated by several investigators in patients under- 
going cesarean section. Gibbs and Weinstein,’* for ex- 
ample, isolated enterococci and E. coli from endome- 
trial cultures up to 5 days after the procedure in sub- 
jects who received a combination of clindamycin plus 
gentamicin. In previously unpublished work, Ohm- 
Smith and Galask studied 38 women who had been 
scheduled to have an elective repeat cesarean section 
and who had been randomly assigned to receive either 
a cephalosporin or a placebo according to a double- 
blind protocol. Cultures were obtained in 34 of the 38 
subjects both before operation and on the fourth or 
fifth postoperative day, 1 to 2 days after the study med- 
ication had been discontinued. Table I shows that, al- 
though the average number of aerobic and anaerobic 
organisms was similar in the two groups when the pre- 
operative cultures were evaluated, an increased num- 
ber of anaerobic organisms was seen in the postoper- 
ative placebo group. Fig. 1 shows that there was a 
marked increase in the percent of cultures positive for 
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Fig. 1. Percent of cultures positive for cephalosporin-resistant gram-negative rods, 
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` Fig. 2. Percent of cultures positive for anaerobic gram-negative rods. 


Table I. Average number of different 
organisms per culture 





Patient group and Postoperative, 
type of organism cultures 
Placebo 
Aerobic yi 5 0 
Anaerobic 42° os 2.3 
Antibiotic 
Aerobic , 26 $ 2a 
Anaerobic 4.5 2.1 


cephalosporin-resistant gram-negative rods only in the 
treated group. Fig. 2 shows that there was an increase 
in percent of cultures positive for anaerobic gram- 
negative rods in the placebo group compared with a 


slight decrease in the treated group. Of greater clinical 
importance, however, were the marked increases in 
percent of cultures positive for both Bacteroides asac- 
charolyticus (Fig. 3) and B. bivius (Fig. 4) in the placebo 
group. B. fragilis and B. distasonis were also isolated with 


slightly greater frequency in the placebo group. 
The results are disconcerting since they suggest that 


cervicovaginal flora can be affected, regardless of 
whether an antibiotic is used. Although no untoward 
problems with resistant organisms were noted in this 
or other studies, the effects of antibiotic selection re- 
main apparent. Interestingly, a recent report by Ganesh 
et al’ suggests that trimethoprim-sulfamethoxazole 
lowered morbidity with a lesser effect on the flora. Fur- 
ther studies will be required to confirm this finding. An 
antibiotic that can decrease morbidity with minimal al- 
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Fig. 3. Percent of cultures positive for B. asaccharolyticus. 
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Fig. 4. Percent of cultures positive for B. bivius. 


teration of the flora would be an excellent choice for 
prophylaxis, provided that the agent is nontoxic and 
inexpensive. 


ßB-Lactamase induction 


Concern about the development of microbial resis- 
tance resulting from indiscriminate use of periopera- 
tive antibiotics for prophylaxis has riot previously been 
justified. Recent evidence suggests, however, that a 
certain type of bacterial resistance to the B-lactam 
antibiotics may be important when one is selecting 
drugs for prophylaxis. As generations of B-lactamase— 
resistant antibiotics were developed and released, it was 
believed that there would be a proportional rise in ef- 


ficacy. Although improvements in our antibiotic ar- 
mamentarium have succeeded in decreasing the use of 
combinations of two or three different drugs, disturb- 
ing reports in the literature have suggested that certain 
microorganisms rapidly developed resistance to these 
newer agents. Perhaps even more distressing is the pos- 
sibility that current in vitro susceptibility testing may 
be inadequate to detect this type of antibiotic resistance 
when it occurs. Unlike resistance that could be ex- 
plained by bacterial tolerance to the lytic effects of 
B-lactam antibiotics, which has been described in the 
past and recently reviewed,” it appears that a different 
type of resistance to the B-lactam antibiotics is occur- 
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ognized. This resistance is due to the induction of a 
specific type of B-lactamase enzyme of the Richmond- 
Sykes type I group.” It has been suggested that these 
cephalosporinases are produced by the derepression of 
a control gene on the bacterial chromosome and not 
by a transferable plasmid.” Although resistance is not 
transferred to other strains, certain gram-negative en- 
teric bacteria (mutant and wild-type organisms) can be- 
come resistant to the newer cephalosporins previously 
thought to be stable to the effects of B-lactamase en- 
zymes. More interesting is the fact that with this type 
of resistance, the B-lactam ring does not undergo classic 
hydrolysis; rather, a stable complex is formed between 
the antibiotic and the enzyme.” The newer, relatively 
B-lactamase—stable cephalosporins that bind to the 
penicillin-binding proteins types I and III are affected 
the most. When present, the enzyme confers similta- 
neous resistance to most of the broad- and extended- 
spectrum penicillins, as well as to the second- and third- 
generation cephalosporins, including the cephamycins 
and the newer monobactams. 

This Richmond-Sykes type I B-lactamase enzyme ex- 
erts its action within the periplasmic space of the in- 
duced organism. Antibiotics gain access to this space 
by transversing the outer membrane of the bacterium 
through protein channels called porins. Once inside the 
periplasmic space, an antibiotic must reach and bind to 
a specific type of protein-binding protein to affect cell 
wall synthesis. Classically, a B-lactamase produced by 
the cell binds to an antibiotic molecule, hydrolyzes the 
B-lactam ring, releases the inactive compound, and 
binds to another molecule. When sufficient enzyme-to- 
antibiotic concentrations are present, the organism is 
protected from the effects of the drug. It appears, how- 
ever, that the resistance conferred by the Richmond- 
Sykes type I enzyme does not follow this classic pathway. 
When an organism has been inducéd (derepressed), it 
produces large quantities of enzyme, which bind to the 
newer, stable antibiotics and do not hydrolyze the mol- 
eculés but remain bound to, them, blocking their ability 
to attach to their specific penicillin-binding proteins. 
This blocking or trapping effect protects the organism 
and can develop during therapy for an infectious dis- 
ease. Further, this type of resistance is generally un- 
detected because of the low inoculum size (approxi- 
mately 10*), and thus insufficient number of organisms, 
used by commercial and hospital laboratories for an- 
tibiotic suscéptibility testing. This is a clinically impor- 
tant point since it helps to explain antibiotic failure in 
a patient who is being treated with a reportedly effective 
drug. 

We now recognize that certain of the newer B- lactam 
antibiotics can act as inducers of this class of B-l actamase 
enzymes. Clearly, if an antibiotic used perioperatively 
to prevent infection causes enzyme induction and the 


August 1987 
Am J Obstet Gynecol 


patient subsequently becomes infected, a number of the 
organisms present at-the site would be resistant to most 
of the antibiotics logically used to treat the disease pro- 
cess. Thus it would be prudent not to use a drug for 
prophylaxis that has, been shown to be associated with 
the production of inducible, nonhydrolytic enzymes. 
Apparently, the most potent inducers of this type of 
resistance are the newer B-lactamase~stable second- 
and third-generation cephalosporins. Cefoxitin, for ex- 
ample, has been reported to induce resistance to a num- 
ber of cephalosporins as well as to the new, extended- 
spectrum penicillins.” It is fortunate that the organisms 
in which this resistance is most likely to occur—enteric 
bacteria such as Enterobacter cloacae*\—are not fre- 
quently encountered in postoperative obstetric in- 
fections. 


Comment 


Clearly, advarices have been made in our understand- 
ing and use of antibiotic prophylaxis in obstetrics. The 
efficacy of perioperative antibiotic administration in de- 
creasing the incidence of serious infections has been 
demonstrated and accepted. We have been able to iden- 
tify patients who are at high risk and benefit most from 
prophylaxis. The amount of drug administered to each 
patient has decreased. The practice of delaying anti- 
biotic administration until the umbilical cord is clamped 
to protect the neonate has been widely accepted. 

It is also apparent, however, that our understanding 
of the effects of perioperative antibiotic prophylaxis is 
still incomplete. Single-dose prophylaxis, which would 
further decrease the amount of drug received by the 
patient, has yet to be established as the accepted regj- 
mėn. The identification of antibiotics or chemothera- 
peutics that would decrease morbidity while not mark- 
edly affecting the indigenous flora is only beginning. 
Certainly, the implications of inducible antibiotic résis- 
tance by certain drugs are vitally important and must 
be thoroughly evaluated. It seems that we have raised 
as many questions as we have answered and may still 
be as far from finding the ideal drug for prophylaxis 
as Ehrlich was in his search for a “Silver Bullet.” 
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abdominal hysterectomy 
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The practice of administering perioperative antimicrobials to uninfected patients undergoing elective 
surgical procedures has been subjected to careful prospective investigative scrutiny during the past two 
decades. A wound classification system was developed, helping to identify procedures far which 
prophylaxis did not provide benefit to the patient. Guidelines for prophylaxis in hysterectomy were 
proposed and risk factors were sought. Pharmacokinetics arid spectrum of antibacterial activity, although 
variables of paramount importance in predicting success in the treatment of established infections, were 
discovered to have questionable impact on prophylactic efficacy. Duration of antimicrobial administration 
has gradually diminished from the total length of hospital stay to a single preoperative dose without 
increased risk òf infection; éfficacy may be related to route of administration. The wisdom of using newer 
agents for prophylaxis is addressed and questioned. (AM J OBSTET GYNECOL 1987;157:498-501.) 
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Antimicrobial administration to prevent infection af- 
ter most elective surgical procedures, including hyster- 
ectomy, was popularized in the early 1950s. By the mid 
to late 1950s, it was a common practice to begin ad- 
ministering antimicrobials to patients scheduled for any 
surgical procedure from the time they were admitted 
to the hospital until they went home some 8 to 10 days 
later. Very few, if any, controlled studies delineating the 
benefits and risks of such a practice had been done at 
that time. 1 l 

Specialists in internal medicine warned of the poten- 
tial hazards of prolonged antimicrobial administration 
in noninfected persons, but their warnings went un- 
heeded. Some patients undergoing primarily ortho- 
pedic and neurosurgical procedures developed super- 
infections as a result of such antimicrobial regimens. 
The serious sequelaė and even deaths associated with 
these superinfections eventually led to radical changes 
in the approach to surgical prophylaxis. 

Prospective studies were conducted in all surgical 
subspecialties to identify those surgical procedures for 
which the prophylactic administration of antimicrobials 
was beneficial. The first articles reporting the results of 
these studies began to appear in the gynecologic lit- 
erature in the late 1960s' and have continued to appear 
since that time. 
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Surgical classifications 

The recent proliferation of newer antimicrobials has 
accentuated the importance of applying the 1975 
guidelines of Ledger et al.* for surgical prophylaxis. 

Hysterectomy was originally designated as a “clean” 
procedure because the postoperative infection rate, 
particularly of abdominal hysterectomy, was so low.® 
Hysterectomy has since appropriately been reclassified 
as a cleanh/contaminated surgical procedure because it 
is performed in an area containing significant potential 
pathogens as part of the normal flora. Host defense 
mechanisms are paramount in the prevention of in- 
fection after elective hysterectomy. Since host defense 
mechanisms are impaired in debilitated and/or im- 
munodeficient patients, these women are at increased 
risk for infection after hysterectomy or after any other 
surgical procedure: Low socioeconomic status is an- 
other, relatively universal risk factor for increased post: 
operative infection. Even with an intact immune sys- 
tem, an operative site grossly contaminated with a 
substantial inoculum will also usually result in post- 
operative infection. 

Applying the principles of good surgical technique 
is also important in decreasing the incidence of post- 
operativé infection. In addition to asepsis in the op- 
erating room, which is standard practice, many sur- 
geons advocate douching the evening before and the 
morning of hysterectomy. Since serum and blood pro- 
vide an ideal medium for the growth of bacteria that 
compose the normal flora of the lower reproductive 
tract (which are inoculated into the operative site), ad- 
equate hemostasis and closing of dead space are im- 
perative. Creatirig small pedicles and gentle handling 
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of tissues diminish the volume of necrotic tissue. that 
might also provide a nidus for subsequent infection. 


Bacterial isolates 


A total of 2298 gram-positive and gram-negative 
aerobic and anaerobic bacteria have been isolated from 
endocervical cultures obtained from 644 women before 
vaginal or abdominal hysterectomy in our hospital dur- 
ing the past several years (unpublished data).* Fifty- 
eight percent of the isolates were aerobic and 42% were 
anaerobic bacteria. Gram-positive cocci accounted for 
67% of aerobic bacteria isolated; of these, 33% were 
Streptococcus faecalis (enterococci), 33% were Staphylo- 
coccus epidermidis, and 16% were group B streptococci. 
Escherichia coli was the predominant gram-negative iso- 
late and accounted for 21% of the aerobic bacteria iso- 
lated. Nine percent of gram-negative aerobic isolates 
were Enterobacter sp., Proteus sp., and Klebsiella sp. 
Forty-three percent of the anaerobic bacteria were 
gram-positive cocci and 26% were Bacteroides brutus. An 
additional 14% were members of other Bacteroides sp. 
The Bacteroides fragilis group accounted for 12% of pre- 
operative anaerobes isolated. Pathogens responsible for 
postoperative pelvic infection are derived from these 
bacteria. 


Incidence and type of infection 


Irrespective of surgical approach, infection devel- 
oping in the pelvis after hysterectomy is potentially pre- 
vented by the prophylactic administration of an anti- 
microbial. Neither cystitis nor pyelonephritis is pre- 
vented by prophylaxis, and elective operations should 
not be scheduled or performed if urinary pathogens 
are present. Similarly, neither microatelectasis nor 
pneumonia is prevented by. perioperative prophy- 
laxis, and no respiratory tract inflammation should be 
present when elective operation is performed. Many 
placebo-controlled prospective studies, as well as our 
own experience, have indicated that prophylactic an- 
tibiotics do not diminish the occurrence of asymptom- 
atic temperature elevation not associated with infection. 
Finally, since the incidence of abdominal incision in- 
fection is so low, prophylaxis does not significantly alter 
its Occurrence. . 

Although the level of infection necessary to justify 
perioperative antimicrobial prophylaxis for hysterec- 
tomy is a matter of considerable debate, many have 
indicated an incidence of 10% as a breakpoint; sur- 
geons’ goals include no postoperative infections. This 
may result not only in prolonged administration of 
perioperative antimicrobials but also in antimicrobial 
administration for temperature elevation after hyster- 
ectomy, whether other evidence of infection is or is not 
present at the time. The latter practice does not reflect 
failure of the regimen given for prophylaxis or elevated 
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infection rates as much as the anxiety level of the sur- 
geon. The practice does, however, make it difficult to 
accurately measure infection rates. 


Risk factors 


It is difficult to identify uniform risk factors for in- 
fection after hysterectomy other than those previously 
mentioned. Just as the incidence of infection after hys- 
terectomy varies from hospital to hospital, so may the 
risk factors. While it has been reported that phase of 
the menstrual cycle is related to an altered incidence 
of infection after hysterectomy, because of the altered 
microbiologic features of the lower reproductive tract 
during different phases of the cycle, the majority of 
studies (including our experience) indicate that there 
is no increased risk during either phase of the men- 
strual cycle.*’ Further, neither preoperative endocerv- 
ical bacteria nor intraoperative cardinal ligament or 
other surgical site bacteria that are recovered are pre- 
dictive of postoperative infection®™ The duration of 
the surgical procedure has been reported as a risk fac- 
tor by some investigators” but has not been confirmed 
in more than 2000 women evaluated prospectively in 
our hospital. Training and experience of the surgeon 
also appear unrelated to risk of postoperative infection. 
Interestingly, results of many comparative clinical trials 
indicate that the pharmacokinetics and antimicrobial 
spectrum of an agent selected for prophylaxis, al- 
though of paramount importance in determining ther- 
apeutic efficacy for established infection, seem to have 
little impact on prophylactic efficacy. 

Despite almost universal acceptance of the fact that 
women undergoing vaginal hysterectomy require an- 
timicrobial prophylaxis, there are many private prac- 
titioners who do not routinely administer prophylactic 
antibiotics because of low infection rates. There are 
several categories of women who appear to be at higher 
risk for development of infection after vaginal hyster- 
ectomy. Age is a factor, with both younger” and older” 
women presenting an increased risk. Diabetes is also a 
risk factor. Additional procedures such as colporrha- 
phy or adnexectomy may increase the risk for post- 
operative infection,’® “ as does postoperative anemia in 
our hospital. The postoperative course for women who 
undergo vaginal hysterectomy, however, is much more 
benign and shorter than that for women undergoing 
an abdominal hysterectomy. 

The abdominal approach increases the risk for in- 
fection after hysterectomy.’* '* '* Older age,’ '* obe- 
sity, and diabetes’? may be risk factors that increase 
infection after abdominal hysterectomy. Obesity ap- 
pears to pose a problem primarily in healing of the 
abdominal incision, and mechanical management of the 
incision appears to be more important that the admin- 
istration of antimicrobial prophylaxis. Excessive cau- 
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tery increases the incidence of nonunion of the abdom- 
inal incision.” Preceding procedures such as dilation 
and curettage or conization more than 72 hours but 
less than 4 weeks before hysterectomy appear to in- 
crease the risk of postoperative infection after abdom- 
inal hysterectomy’® as well as vaginal hysterectomy.” 
Since there is significant controversy over the require- 
ment for perioperative prophylaxis at abdominal hys- 
terectomy,” individual determination is required. The 
use of an intraperitoneal wash has not been as well 
studied in the context of abdominal hysterectomy as it 
has been with cesarean section, but preliminary data 
indicate than an intraoperative wash may significantly 
reduce postoperative infection. 


Single-dose prophylaxis 

With increased experience, the duration of prophy- 
lactic antimicrobial administration has decreased from 
7 days, to 5 days, to 3 days, to 1 day, to three periop- 
erative doses by the mid-1980s. Most studies involved 
comparisons of multiple doses, although a few inves- 
tigators reported results with single doses of various 
antimicrobials. Recently, attention to the costs of health 
care have rekindled interest in single-dose prophylaxis. 
A single dose of an antimicrobial for prophylaxis ap- 
parently can be effective in reducing pelvic infection 
after hysterectomy. The advantages of single-dose pro- 
phylaxis are numerous and obvious. In general, it is 
less expensive to administer one dose rather than mul- 
tiple doses of an antibiotic, depending, in part, on cost 
of drug per gram. When less antibiotic is given, less 
nursing time and less pharmacy time are required. 
Moreover, use of space in both pharmacy and nursing 
units is improved. Prospective comparative studies 
showed that recovery of organisms resistant to an an- 
timicrobial regimen is significantly higher after three 
doses than after one dose.”™®? Such results indicate that 
perhaps as few as three doses may significantly alter 
host flora and contribute to the development of selec- 
tive resistance in bacteria. Clearly, the fewer doses ad- 
ministered, the less likely it is that the patient will de- 
velop either toxic or allergic adverse reactions. Having 
identified a need for prophylaxis and accepting the fact 
that a single dose is all that is required, two problems 
remain: which agent to administer and how to admin- 
ister 1t. 


Routes of administration 


If the antibiotic is administered intramuscularly, se- 
rum and tissue levels will generally be lower but will 
persist longer than with intravenous administration. 
According to data from an animal skin model,” the 
window for efficacy of perioperative prophylaxis is ap- 
proximately 3 hours in duration and is maximal if ad- 
ministration occurs relatively soon before operation. 
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Although our initial impression was that patient ben- 
efits would be greater in a teaching institution if the 
agent were administered intramuscularly because of 
prolonged concentrations, more recent experience in- 
dicates that infection rates may be lower if the agent is 
given intravenously during 15 to 30 minutes in the 
operating room after the intravenous line is in place 
but prior to anesthesia. With the patient awake, it is 
possible to identify adverse reactions before the entire 
dose is given. 


Single-dose agents 


The first-generation cephalosporins cefazolin,” 
cephalothin,” and cephradine* have been evaluated as 
single agents in vaginal hysterectomy prophylaxis and 
have proved effective; however, they have not been 
evaluated in women undergoing abdominal hysterec- 
tomy. Single-dose cefoxitin,’ ®? cefonicid,”’ cefote- 
tan,” ceforanide,” cefotaxime,” and ceftriaxone’? are 
second- and third-generation cephalosporins that have 
established clinical efficacy in both vaginal and abdom- 
inal hysterectomy prophylaxis. Single-dose piperacillin 
(unpublished data) was recently investigated in both 
procedures in our hospital and was found to be as ef- 
fective as triple-dose cefoxitin in preventing postop- 
erative pelvic infection. 

Cefonicid, ceforanide, cefotaxime, and cefotetan are 
currently approved by the Food and Drug Adminis- 
tration for single-dose prophylaxis in hysterectomy. 
Propxylactic efficacy appears equivalent, although sig- 
nificant differences in serum and tissue half-life and 
cost per gram exist. Finally, we need to consider 
whether to administer second- and third-generation 
cephalosporins or newer penicillins for prophylaxis and 
thus possibly jeopardize their future efficacy as thera- 
peutic agents when a first-generation cephalosporin 
may be as efficacious and less expensive. If efficacy is 
indeed equivalent, it would seem wise to continue with 
the first-generation agents. 
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Single-dose versus multiple-dose piperacillin prophylaxis in 


primary cesarean operation 
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A prospective, randomized double-blind study was undertaken to determine the safety and efficacy of 
single-dose versus multiple-dose piperacillin for primary cesarean operation prophylaxis. After informed 
consent was obtained, patients received either 4 gm of piperacillin intravenously as a single dose or three 
2 gm doses of piperacillin intravenously 4 hours apart. One hundred sixteen patients were evaluated for 
response; postoperative infection at the operative site was prevented in 52/60 (86.6%) who received the 
single dose and 53/56 (94.6%) who received multiple doses. The types of postoperative infections that 
occurred were similar in those patients in each group who developed infection and all responded well to 
therapeutic drugs. No adverse reactions to piperacillin were noted. Demographic characteristics and risk 
factors for infection were comparable for the two groups. These data support the efficacy of single-dose 
prophylaxis with an appropriate antibiotic agent. (Am J OssteT GYNECOL 1987;157:502-6.} 


' Key words: Single-dose/multiple-dose prophylaxis, postoperative infection 


The concept of administering perioperative anti- 
biotics as prophylaxis for cesarean operation is widely 
accepted.'* The basic science concepts and early prin- 
ciples of such prophylaxis were first clearly described 
by Burke.“ In the last 20 years, many investigators have 
studied different antibiotics, doses, and durations of 
therapy. In addition, factors associated with an in- 
creased risk of clinical infection have been described. 
_ Results of many studies suggest that perioperative an- 
tibiotics reduce the incidence of postoperative infec- 
tion, that many antibiotics seem to offer similar benefit, 
that maximum doses should be used, and that the du- 
ration of therapy should be no longer than 24 hours 
after operation. More recent data suggest that a peri- 
operative course of antibiotics of less than 24 hours 
may be equally effective,°’ but not all investigators 
agree." This study was designed to compare the efficacy 
and safety of a single dose of piperacillin with those of 
a three-dose regimen in preventing postoperative in- 
fection in women undergoing primary cesarean section. 


Study design 

The investigation was a double-blind, randomized 
comparison of two prophylactic dosage regimens of 
piperacillin. One treatment group received a single 
4 gm dose of piperacillin intravenously and the other, 
a total of three 2 gm doses of the antibiotic given 4 and 
8 hours after the first dose. 
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Patients admitted to Duke University Hospital who 
were undergoing primary cesarean section and who 
were considered to be at increased risk for postoper- 
ative infection were eligible for inclusion. Increased risk 
was determined according to guidelines described by 
Gibbs.” The presence of any of the following consti- 
tuted increased risk: labor or ruptured membranes for 
26 hours, internal fetal monitoring >9 hours, use of 
an intrauterine pressure catheter, or three or more vag- 
inal examinations. 

Patients who met the entrance requirements and 
gave informed consent underwent a complete medical 
history, physical examination, and laboratory tests of a 
complete blood count with platelet count, blood urea 
nitrogen, alkaline phosphatase, serum glutamic oxa- 
loacetic transaminase, and urinalysis. Urine cultures 
were obtained prior to operation if the patient's history 
suggested previous urinary tract infections. 

On entering the study, patients were assigned to one 
of two treatment groups according to a computer- 
generated randomization schedule. Patients assigned to 
receive a single dose of piperacillin received 4 gm in- 
travenously immediately after umbilical cord clamping. 
These patients then received intravenous infusions of 
normal saline solution 4 and 8 hours after the initial 
single dose of piperacillin. Patients in the multiple-dose 
group received 2 gm of piperacillin intravenously im- 
mediately after umbilical cord clamping. Additional 
doses of 2 gm were given intravenously at 4 and 8 hours 
after the initial dose. Each patient was monitored daily 
for adverse clinical reactions and local tolerance. 

Clinical findings used to determine the presence of 
infection were as follows: (1) Operative site infection 
with a presumptive diagnosis based on (a) a tempera- 
ture of 239° C in the first 24 hours after operation or 
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Table I. Demographic characteristics, risk factors, and indications for cesarean section 


Patient characteristics 





Age (yr) (mean and range) 93.2 (15-43) 23.3 (130-40) NS 
Weight (pounds) (méan and range) 164 (92-268) 173 (109-383) NS 
Height (inches) (mean and range) 63.3 (58-69) 62.9 (56-69) NS 
Race (n) 

Black 40 42 

White 17 1] 

Other 3 3 
Gravidity 1.9 2.0 NS 
Gestational age (wk). 37.2 (24-42) 37.6 (25-42) NS 
Ruptured membranes (n) 38/60 41/56 NS 
Duration of ruptured membranes (n) 12.8 10.6 NS 
Labor {n and %) 51/60 (85%) 45/56 (80%) NS 
Duration of labor (hr) (mean) 15.7 ’ 14.6 NS 
Internal fetal monitoring (n) 32/60 31/56 NS 
Duration of monitoring (hr) (mean) 6.6 6.4 NS 
Intrauterine pressure catheter (n and %) 12/60 (20%) 11/56 (20%) NS 
Vaginal examinations (n) (mean) 5.6 l . NS 
Total No. of risk factors ` 

None 6 4 NS 

1 10 9 

2 19 21 

3 10 10 

4 15 12 


(b) a temperature of =38.5° C on two consecutive mea- 
surements at least 4 hours apart, 24 hours after deliv- 
ery, and the presence of two of the following—uterine 
tenderness, foul-smelling cervical discharge, arid no ev- 
idence that fever was associated with another cause; (2) 
wound infection, indicated by the presence of local in- 
duration and tenderness with purulent drainage from 
the incision; (3) urinary tract infection, with a urine 
culture containing 210° organisms per milliliter; (4) 
lower respiratory tract infection, with radiologic evi- 
dence of pulmonary infiltrate(s) and fever. 

If the patient manifested signs of postoperative in- 
fection, the following cultures were obtained: for en- 
dometritis, endometrial culture and/or culdocentesis; 
for wound infection, wound exudate; for urinary tract 
infection, urine; and for all patients evaluated for post- 
operative infection, blood cultures. Specimens taken 
for microbiologic culture were processed as previously 
described." 


Results 


A total of 129 patients were accessed to the study, 
with 64 patients in the single-dose group and 65 in the 
multiple-dose group. Thirteen patients, four in the 
single-dose group and nine in the multiple-dose group, 
could not be evaluated because of errors in antibiotic 
administration. In the single-dose group, two patients 
could not be evaluated because they had received other 
antibiotics within the previous 7 days, one was receiving 
concomitant antibiotics, and the fourth patient was 
given the prophylactic antibiotic too late. In the 
multiple-dose group, six of nine patients who could not 
be evaluated had received antibiotics within the pre- 


Table II. Indications for cesarean section 
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Fetal distress 38/129 29.5 


Cephalopelvic dispro- 37/129 28.7 
portion 

Failure to progress 37/129 28.7 

Preeclampsia 20/129 15.5 

Breech 20/129 15.5 

Two or more ihdications 87/129 67.4 


ceding 7 days, and one each had received concomitant 
antibiotics, had received antibiotics too late, and had 
not received the first dose. The following analyses were 
based on the 116 remaining patients. 

` Demographic characteristics and risk factors for in- 
fectiori are listed in Table I for the single-dose (60 
patients) and multiple-dose (56 patients) antibiotic 
groups. There were no significant differences noted 
for any of these characteristics, and the two treatment 
groups were considered comparable. The 13 patients 
who could not be evaluated were demographically sim- 
ilar to the 116 patients who could be evaluated. The 
mean numbers of risk factors for infection were 
2.3 + 0.2 in the single-dose group and 2.4 + 0.2 in the 
multiple-dose group. 

Fetal distress, cephalopelvic disproportion, and fail- 
ure to progress each accounted for about one third of 
the indications for operation. Most patients (87 of 129, 
67.4%) had two or more indications for cesarean section 
(Table II). 

Durations of operation were 53.9 minutes (range, 29 
to 87) in the single-dose group and 55.0 minutes (range, 
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Table III. Bacteria isolated from operative site infection 


Specimen source 


Patient and 
drug regimen* 


013 (SD) Endometrial 
036 (SD) Culdocentesis 
039 (SD) Endometrial 
043 (SD) Endometrial tissue 
059 (SD) Endometrial 
063 (SD) Not cultured 
127 (SD) Endometrial 
130 (SD) Culdocentesis 
Blood 
014 (MD) Endometrial 
074 (MD) Endometrial 
080 (MD) Endometrial 
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Cuiture results 


Group B Siredtococcus 
Corynebactertum sp. 

Bacteroides otvius 

Lactobacillus fermentans (anaerobic) 
Peplostreptococcus tetradius 
Mycoplasma hominis 

No growth 

Group B Streptococcus 
Corynebacterium sp. 

Klebsiella pneumoniae 
Coagulase-negative Staphylococcus 
Viridans streptococci, 2 types 

B. bivius 

Peptostreptacoccus anaerobius 
Ureaplasma urealyacum 

K. pneumoniae 

Enterococcus 

Escherichia csli 

U. urealyticum 

K. pneumoniae 

Viridaris Streptococcus 
Corynebacterium sp., 2 types 
Coagulase-negative Staphylococcus 
M. nominis 


Cormebactertum sp. 
Coagulase-negative Staphylococcus 
Viridans Streptococcus 
Bacteroides sp. 

B. bivius 

P. anaerobius 

P., tetradtus 

Lactobacillus sp. (anaerobic) 
Gardnerella vaginalis 
Corynebacterium sp. 
Streptococcus morbillorum 
Viridans Streptococcus 
Lactobacillus sp. 

B. bivius 

Lactobacillus sp. (anaerobic) 
Enterococcus - 

E. coli 

Coagulase-negative Staphylococcus 
Corynebacterium sp. 

Proteus sp. 

Bacteroides sp. 

B. fragilis group . 

Group B Streptococcus 
Viridans Streptococcus 

B. bwvius 

Bacteroides sp. 


*SD = Single-dose regimen prophylaxis; MD = Muluple-dose regimen prophylaxis. 


25 to 120) in the multiple-dose group. Patients received 
their first intraoperative doses at a mean of 3.7 minutes 
(range, — 1] to 17) in the single-dose group and at an 
average of 3.2 minutes (range, —17 to 22) in the 
multiple-dose group. l 

Response to prophylaxis was deemed satisfactory if 
no infection ensued at the operative site. In the 116 
patients who could be evaluated, a satisfactory response 
was seen in 52 of 60 (86.6%) of the single-dose group 
and 53 of 56 (94.6%) of the multiple-dose group 


(p = NS; Fisher’s exact test). Operative site infections 
occurred in eight of 60 (13.4%) patients who received 
single-dose antibiotics, including seven patients with 
endometritis and one patient with endometritis and 
septicemia. Three of 56 (5.4%) patients in the multiple- 
dose group developed operative site infections, includ- 
ing two patients with endometritis and one patient with 
endometritis and wound infection. Culture results for 
the 11 patients with failure of antibiotic prophylaxis are 
given in Table III. Susceptibility to piperacillin was de- 
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termined for these isolates; only one strain of Escherichia 
coli was reported to be resistant (minimum inhibitory 
concentration >128 ug/ml). 

Six patients judged to have satisfactory prophylactic 
courses develaped “non—operative site” infections after 
leaving the hospital but within the 6-week follow-up 
period. These included one patient in the single-dose 
graup who developed pelvic inflammatory disease at 
6 weeks post partum and five patients in the multiple- 
dose group (four developed urinary tract infections 
and one developed an upper respiratory infection). 
Since these infections all occurred at least several weeks 
after the patient was discharged from the hospital, they 
were not believed to be related to operation. 

Postoperative antibiotics were administered in the 
hospital to each patient having an unsatisfactory re- 
sponse to prophylaxis. In-hospital patients received pri- 
marily cefamandole, 2 gm every 6 hours, and clinda- 
mycin, 600 mg every 6 hours (seven patients), or cef- 
amandole and metronidazole, 500 mg every 6 hours 
(one patient). One patient each was treated with cefa- 
mar.dole alone, moxalactam, 2 gm every 8 hours, and 
moxalactam plus clindamycin. All patients responded 
satisfactorily. 

‘No adverse reactions to piperacillin were noted in 
either of the two treatment groups. Hematologic pa- 
rameters were not affected and both dosage regimens 
were well tolerated. 


Comment 


The recent literature”? reports that patients under- 
going primary cesarean section have a 10% to 85% risk 
of postoperative infection, depending on factors such 
as socioeconomic status and the presence of increased 
risk factors. The incidence of infection in the patient 
at increased risk is 40% to 85%. In contrast, the risk of 
morbidity in patients undergoing elective repeat cesar- 
ean operation is less than 20%. A previous study per- 
formed at the same hospital demonstrated infection 
rates of 40.8% in placebo-treated women undergoing 
primary cesarean section and 22% in those undergoing 
elective repeat cesarean operations when prophylactic 
antibiotics were not administered.” 

In this investigation, the rate of postoperative infec- 
tion in patients given a single 4 gm dose of prophylactic 
piperacillin was not statistically different from that ob- 
sefved for patients given a three-dose regimen (total, 
6 gm). Similar efficacy with single-dose prophylaxis has 
been described previously for other antibiotics. How- 
ever, because of the relatively small number of patients 
in each group, it is not possible to exclude a beta error. 
Importantly, there was no difference in the severity of 
the inzections that developed in patients from either 
group. and no patient developed either septic throm- 
bophlebitis or a pelvic abscess requiring surgical! drain- 
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age. In previous studies comparing cefazolin with other 
antibiotics, no statistical difference was observed with 
respect to efficacy, although the cefazolin-treated pa- 
tients seemed to be more seriously ill when they became 
clinically infected. 

Group B streptococci were isolated from the infected 
endometria of two patients in the single-dose group 
and one patient in the multiple-dose group. In a pre- 
vious study’ with a 24-hour perioperative course of ce- 
fazolin for cesarean section prophylaxis, no group B 
streptococci were isolated from patients with postop- 
erative infections. Although these observations are 
limited and may therefore be spurious, one won- 
ders whether the shorter dosing schedules eliminate 
group B streptococci as efficiently as protocols that uti- 
lize a 24-hour postoperative course. This may be an 
important consideration as an increasing number of 
protocols dictate shorter prophylactic courses. 

In this investigation, the prophylactic efficacy of a 
single 4 gm dose of piperacillin was not statistically 
different from 2 gm doses given 4 hours apart. An 
advantage of this study in comparing single-dose versus 
multiple-dose regimens was the use of the same drug 
in both treatment groups. This avoids the problem of 
confounding variables related to different spectra of 
activity and pharmacokinetics when two different drugs 
are compared for different dosing regimens.*’ Results 
obtained with either dosing regimen of piperacillin 
were acceptable and comparable with those reported 
in other recently published studies. Some caution is 
appropriate, however, regarding the conclusion that 
single-dose and multiple-dose regimens are truly equiv- 
alent. Because of the small numbers of patients tested, 
the power of this trial (beta error) may be too great. 

Nevertheless, if some differences in efficacy between 
the two regimens do exist, they apparently are not sub- 
stantial. We conclude therefore that the results of this 
study support the use of single-dose prophylaxis with 
an appropriate agent for its convenience. 
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Cost-effective use of antibiotic prophylaxis for 


cesarean section 


Larry C. Ford, M.D., Hunter A. Hammil, M.D., and Thomas B. Lebherz, M.D. 


Los Angeles, California 


Clinical experience has indicated that the prophylactic use of antibiotics reduces infectious morbidity in 

` patients undergoing cesarean section. Several factors must be considered (for instance, in vivo and 

in vitro efficacy, patient allergies, side effect profiles, status of host defenses, the total cost of therapy, and 
the risk of selecting resistant arganisms that cause superinfections) before prescribing prophylactic 
antibiotic drugs for this indication. Moreover, medical-legal consequences associated with potential 
postpartum infections must be considered in assessing the costs and impact of a prophylactic regimen. 
Results of comparative antibiotic trials in indigent patients undergoing cesarean section demonstrated 
differing rates of successful antibiotic prophylaxis: piperacillin, 98%; cefoxitin, 91%; cephalothin and 
ceftazidime, 82%; cefotaxime, 80%; and ampicillin, 77%. Although the acquisition costs of antibiotics vary 
greatly, these costs are dwarfed by the substantial cost savings that can be realized by use of 
broad-spectrum antibiotics, which, in our hands, have resulted in reduced laboratory and pharmacy 
expenses and decreased hospital stays for both mother and neonate. Controlled studies designed to 
investigate microbiologic as well as clinical efficacy of antibiotics are indicated. Further refinements in 
individualizing antibiotic regimens according to patient population should be sought. (Am J OBSTET GYNECOL 


1987;157:506-10.) 


Key words: Cesarean section, prophylaxis, chemiluminescence, chemotaxis 


Antibiotic prophylaxis of infection for women un- 
dergoing cesarean section differs from that used in 
gynecologic operations and other surgical procedures 
because of the presence of the fetus. In contradistinc- 
tion to other surgical procedures, in which it is desirable 
to have effective antimicrobial levels present-in the tis- 
sues at the time of operation,' antibiotics are usually 
withheld from women undergoing cesarean section un- 
til after the cord.is clamped. Despite this difference 
in timing of antibiotic administration, however, clini- 
cal experience has shown that the incidence of post- 
partum infection can be decreased by the use of anti- 
biotics.** 
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AOR 


Antimicrobial selection 


Identifying pathogens. Several factors should be 
evaluated when one is selecting an antimicrobial regi- 
men for cesarean section prophylaxis. For example, the 
presence of potentially pathogenic microorganisms, in- 
cluding the Bacteroides group, anaerobic cocci, the pyo- 
genic cocci (including enterococci), and facultative 
gram-negative rods—which can be part of the vagi- 
nal and cervical flora in asymptomatic women*?!’— 
complicates the interpretation of culture results from 
patients who develop fever after receiving antibiotic 
prophylaxis (Table I). The difficulties involved in ob- 
taining meaningful uterine culture material from pa- 
tients with the clinical diagnosis of endomyometritis 
have been discussed by several investigators.'*"° 

We previously reported the use of “double-lumen 
tubes” to decrease contamination from the cervix and 
vagina.” However, because these devices are more com- 
plex than regular swabs, inconsistent use during noc- 
turnal fever evaluations has limited their value on our 
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Table I. Potentially pathogenic vaginal and 
cervical bacteria 





Peptococcus sp. 

Peptostreptococcus sp. 

Bacteroides sp. 

Escherichia colt 

Proteus sp. 

Klebsiella sp. 

Enterobacter sp. 

Streptccoccus faecalis (Enterococcus) 
B-Hemolytic group B Streptococcus 
Clostridium sp. 

Fusobacterium sp. 

Staphylococcus aureus 

Neisseria gonorrhoeae 

Streptococcus pyogenes 

Listeria monocytogenes 

Gardnerella vaginalis 


service. Therefore we have not been able to collect 
contamination-free culture data on all of our patients 
with a diagnosis of endomyometritis after cesarean sec- 
tion. Nevertheless, use of the double-lumen tubes has 
shown that our data are in excellent agreement with 
those reported by other investigators. *" The most 
common bacterial species isolated from the infected 
uterus after cesarean section in our patients as in others 
are Peptococcus, Bacteroides, Peptostreptococcus, Escherichia 
coli, and enterococci, followed by other species of pyo- 
genic cocci and facultative gram-negative bacilli (Ta- 
ble I). Such information regarding antibiotic failures 
should be useful in determining what an effective pro- 
phylactic antibiotic spectrum should include or protect 
against. 


Status of host defenses 


The physician must also consider the status of the 
patient’s host defense mechanisms in choosing an an- 
tibiotic for prophylaxis. For example, the antimicrobial 
activity of amniotic fluid in our obstetric patients, who 
are primarily indigent, is generally poor and thus prob- 
ably contributes to their relatively high rates of post- 
partum infections’ "° (Table IJ). 

In contrast, most “private patients” at the same in- 
stitution have excellent antimicrobial activity in the 
amniotic fluid and very low postpartum infection 
rates,’* ° which illustrates the importance of indivi- 
dualizing antibiotic use and selection (Table I). 

The importance of interactions between antibiotics 
and host defenses has recently been recognized. For 
example, we and other investigators previously re- 
ported on the effects of antibiotics on many polymor- 
phonuclear leukocyte functions, including chemilu- 
minescence and chemotaxis, both of which are en- 
hanced by piperacillin and clindamycin and depressed 
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Table Il. Noncellular host defenses for 


amniotic fluid 
Clinic Private 
population | population 


B-Lysin activity (units) 0-4 16-64 
Zinc ion concentration (ppm) 15 + 12 98 + 15 
Cationic proteins 0-+ aee ge E 
Postpartum infection rate (%) 37-9 l 





by some of the cephalosporins. Cefotaxime, for ex- 
ample, depresses these essential polymorphonuclear 
leukocyte functions? (Table III). Whether and how 
these in vitro data will correlate with significant clinical 
findings are still being studied. Nevertheless, the effect 
of an antimicrobial on polymorphonuclear leukocyte 
functions, particularly in indigent populations, may 
emerge as an important consideration in choosing a 
prophylactic antibiotic. . 


Discouraging bacterial resistance 


The effects of antibiotic use on the emergence of 
resistant organisms should be thoroughly thought out. 
The use or misuse of antibiotics affects not only the 
individual patient but also both hospital and commu- 
nity environments.***' Despite rigorous policies of in- 
fection control, house staff and nursing staff interact 
with and cross contaminate gynecologic oncology pa- 
tients, benign disease gynecologic patients, and obstet- 
ric patients, thus enlarging the pool of potentially re- 
sistant microorganisms. Use of antibiotics that are 
strong inducers of B-lactamases should be carefully 
considered in view of their potential for increasing bac- 
terial resistance to a variety of antimicrobials.” Adverse 
changes in microbial sensitivities and pathogenicities 
can occur as a result of prescribing practices. For ex- 
ample, the emergence of enterococci as postoperative 
pathogens certainly has been attributed to antibiotic 
use.” More important, given the potential for cross 
contamination and the spread of resistant anaerobes 
(for example, Bacteroides) and gram-negative facultative 
bacilli (for example, Pseudomonas, Proteus, Serratia), phy- 
sicians need to be increasingly aware and vigilant to 
help control these problems. 


Clinical trials (University of California at 
Los Angeles experience) 


Over the past several years, we prospectively evalu- 
ated the prophylactic efficacy of several B-lactam an- 
tibiotics including ampicillin, cefoxitin, cefazolin, cef- 
tazidime, cefotaxime, and piperacillin in our indigent 
patients undergoing cesarean section under similar 
conditions.*” All patients received 2 gm each of the 
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Table III. Effects of antibiotics on polymorphonuclear leukocyte functions: chemiluminescence 


and chemotaxis 


Chemotaxts* (pm) 


Chemiluminescence 


No With No With 
anitbiotic antibiotic ani:biotic antibiotic 


Piperacillin 797 130 + 10 ji 1.9 + 0.1 
Clindamycin 79 +7 123 + 8 ] 1.8 + 0.1 
Cefoxitin 79 +7 Tee S l 0.9 + 0.1 
Cefotaxime 79 +7 60 + 8 l 0.7 + 0.1 
Tobramycin 719£7 80 + 6 1 11+ 0.1 
Gentamicin 79 +7 79 +9 l 1.0 + 0.1 


*Random migration was 37 + 4 um. 


Table IV. Cost of failure of antibiotic 
prophylaxis in cesarean section patients 





$447 x 5 days = $2235 
$614 x 5 days = $3070 
$ 570 
$1251 
$158 x 2 days = $ 316 


Maternal (isolation bed) 
_ Newborn observation bed 
Fever workup (mean) 
Clindamycin, gentamicin 
Intravenous sets, pharmacy 
charges laboratory fees 
(creatinine, blood urea 
nitrogen, peak and 
trough) 

Total $7442 


study drug when the umbilical cord was clamped and 
two additional doses of 2 gm each at 4-hour intervals. 

Exclusion and efficacy criteria. Patients were ex- 
cluded from the study if they had had any of the fol- 
lowing: antimicrobial therapy within 7 days before-en- 
try into the study, a history of hypersensitivity to either 
penicillins or cephalosporins, renal and/or hepatic 
function tests substantially outside normal limits, or ev- 
idence of infection at the time of enrollment into the 
study. 

Both direct and indirect criteria for the existence of 
postoperative morbidity were used to evaluate the ef- 
ficacy of the antibiotic regimens: fever, duration of hos- 
pitalization, administration of systemic antibiotics after 
operation, and evaluation of wound healing and evi- 
dence of infection at the operative site. Febrile mor- 
bidity, as a manifestation of infection, was defined as 
an oral temperature #100.4° F on at least two occasions 
4 to 6 hours apart, occurring more than 24 hours after 
operation. A satisfactory prophylactic response was de- 
fined as no bacterial or clinical infection at the operative 
site for 4 to 6 weeks after operation. An unsatisfactory 
prophylactic response was defined as the development 
of an infection at the operative site that required an- 
tibiotic administration during the initial 4- to 6-week 
postpartum period. Patient demographics and other 
variables such as the mean number of vaginal exami- 
nations, the mean time of ruptured membranes, the 


Table V. Cesarean section prophylactic study 
at the University of California at Los Angeles: 
Cost of antibiotic failure and subsequent 
therapy of infection per 100 patients 


Piperacillin $ 27,744 
Cefoxitin $ 81,078 
Cefazolin $139,056 
Cefotaxime $169,540 
Ampicillin $181,966 


Table VI. Cost savings associated with 
piperacillin compared with other prophylactic 
antibiotic regimens in cesarean section 





Piperacillin versus ampicillin $154,222 
Piperacillin versus cefotaxime $141,796 
Piperacillin versus cefazolin $111,312 
Piperacillin versus cefotaxime $ 53,334 


: mean blood loss, the mean duration of operation, and 


the mean experience of the surgical team did not vary 
significantly among study groups. 


Results 


With the above criteria, the response to prophylaxis 
was considered effective in 98% of piperacillin-treated, 
91% of cefoxitin-treated, 82% of ceftazidime-treated, 
82% of cefazolin-treated, 80% of cefotaxime-treated, 
and 77% of ampicillin-treated patients. Statistically, 
there was a significant difference (p = 0.035) between 
the piperacillin and cefoxitin efficacy rates. Interest- 
ingly, however, there were no significant (p < 0.05) 
differences between the third-generation and first- 
generation cephalosporins. 

To determine the extent to which the clinical success 
of prophylaxis could be translated into patient cost sav- 
ings, the total mean costs of prophylactic failure in ce- 
sarean section were calculated. These patient costs were 
based on the minimum mean charges of treating in- 
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fections after cesarean section, including daily charges 
for hospital rooms (both maternal and normal nursery), 
laboratory tests and fees, and costs of drugs, pharmacy 
preparation, and intravenous equipment as of July 1, 
1986 (Table IV). Significant but more difficult to de- 
termine than the above fees are the costs of potential 
medical-legal complications arising from patient anger 
and anguish associated with morbidity, as well as ad- 
ditional physician and nursing time to evaluate and 
treat the antibiotic failures. Given these data and our 
current costs, the estimates per 100 patients for failure 
of each drug are: ampicillin, $181,966; cefoxitin, 
$81,087; cefazolin, $139,056; cefotaxime, $169,540; 
and piperacillin, $27,744 (Table V). 

Conversely, when the cost of 100 prophylactic fail- 
ures for the most effective agent, piperacillin, was com- 
pared with the costs of ampicillin, cefotaxime, cepha- 
lothin, and cefoxitin, savings were $154,222 (pipera- 
cillin versus ampicillin), $141,796 (piperacillin versus 
cefotaxime), $111,312 (piperacillin versus cefazolin), 
and $54,334 (piperacillin versus cefoxitin), respectively 
(Table VI). 

Pragmatically, the only correct prophylactic antibiotic 
regimen is whatever works best in the physician’s own 


experience. However, if one’s current prophylactic an- - 


tibiotic regimen has a failure rate of 5% or higher, we 
recommend that consideration be given to an antibiotic 
with a broader spectrum of coverage, particularly of 
the enterococci and anaerobes. 


Comment 


In conclusion, the practicing obstetrician and gyne- 
cologist, before prescribing an antibiotic, must carefully 
consider, in addition to antimicrobial spectrum, the pa- 
tient’s allergies, the drug’s potential toxicities, and the 
medical-legal implications of any prophylactic antibiotic 
failures. We must remember that drug costs include 
both acquisition costs and the costs for treating infec- 
tions related to prophylactic failures. Diagnosis-related 
groups (DRGs), government regulations, and third- 
party payers have forced physicians to become more 
aware of financial considerations and to take a more 
active role in cost control. We are increasingly torn in 
several, often conflicting directions. On the one hand, 
we need to recognize the importance of and take part 
in containing and minimizing the costs of health care. 
On the other hand, we must never relinquish our re- 
sponsibility to base medical decisions on the best inter- 
est of our patients. To ignore the cost containment 
issues involved in either the current DRGs situation or 
the malpractice crisis is to ignore reality. Nevertheless, 
physicians should not relinquish the control of therapy 
and the management of patients because of nonmed- 
ical, economic pressures. 

Physicians should utilize antibiotic regimens that are 
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both clinically effective and cost effective. Whenever 
possible, single-agent therapy rather than combination 
therapy should be used if clinical efficacy and safety 
can be demonstrated. 


We wish to thank Dr. Elliot Landau of the Depart- 
ment of Biomathematics, University of California at 
Los Angeles, for his assistance in the statistical analysis 
of our data. 
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Questions from the audience 


The following highlights are excerpted from two in- 
formative and spirited question-and-answer sessions, 
moderated by F. Gary Cunningham, M.D., Symposium 
Chairman. | 

Session 1 

Q. Dr. Gall, could you reiterate the failure rates of 
the two prophylaxis regimens you used in your study— 
the triple-dose course of piperacillin versus the single 
dose? 

Dr. Gall. The multi-dose regimen was successful in 
approximately 94% of patients compared with 87% for 
the single-dose group. Although these figures were not 
significantly different, I originally expected that they 
would be. That’s the nice thing about a randomized, 
blinded,. prospective trial: your own bias is irrelevant. 

Moderator. Dr. Gall, what kind of infection rate could 
you have expected in your population if no perioper- 
ative prophylaxis had been administered? 

Dr. Gall. On the basis of previous placebo studies, 
we might have expected a postoperative incidence of 
infection i in the range of 45% to 50%. 

“Moderator. This is an important point because our 
background infection rate in high-risk patients at Park- 
land Hospital in Dallas i is probably closer to 85% with- 
out perioperative prophylaxis. We should remember 
that most of these investigations are carried out in high- 
risk women from low socioeconomic groups in large 
urban hospitals. It is likely that single-dose prophylaxis 
would be much more effective for most of the private 
patients treated by the practitioners in our audience 
than for our patients in Chicago or Dallas. 

Dr. Gall. In 1979, we published results of a study 
conducted at Duke University in which cefazolin was 
compared with placebo for patients undergoing cesar- 
ean section. Socioeconomic status, defined as public pa- 
tient versus private patient, was one of the factors ‘we 
looked at. We found a difference: the worst case scen- 
ario was placebo in a public patient, which resulted in 
a 51% infection rate. The same placebo in private pa- 
tients resulted in a 40% incidence of infection. We don’t 
really know whether these differences can be attributed 
to better protoplasm, or fewer bacteria, or other factors, 
but it may indeed be true that the shortest course of a 
prophylactic antimicrobial—-the single dose—may be 
quite adequate for most private patients. 

Q. Dr. Gall, could you comment on the significance, 
if any, of isolating mycoplasmas in so many of your 
patients who became infected? 

Dr. Gall, Among infected patients, there was a much 
higher, albeit statistically nonsignificant, incidence of 
mycoplasmal colonization. Other investigators also 
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have alluded to the possibility that the presence of my- 
coplasmas in the amniotic fluid might be a kind of 
marker for the development of clinical postoperative 
endometritis. 

Moderator. Dr. Gall, did you isolate any enterococci 
in your postoperative cultures? 

` Dr. Gall. Yes, there were a few enterococci, but I only 
worry about them if they are isolated from the blood 
or from an Immunocompromised patient. 

| Moderator. I agree with you, but I am worried about 
what happens with enterococci in 10 years. For instance, 
the “sin” of antimicrobial misuse is catching up with us 
in that we are now seeing methicillin-resistant Staphy- 
lococcus aureus catheter-associated infection in intensive 
care units. We are paying dearly for such past practices 
by treating patients with expensive intravenous van- 
comycin. It would behoove all of us to keep abreast of 
the literature and clinical evaluations of various drug 
regimens lest we risk using therapies that are becoming 
ineffective. 

Session 2 

Q. How do the third-generation cephalosporins pen- 
etrate into difficult-to-reach areas, or across biologic 
membranes, compared with penicillins? 

Moderator. First of all, we’ve got to understand that 
a drug may be present in an abscess, for instance, with- 
out exerting any biologic activity. These things are ac- 
tually becoming more difficult to study because more 
prophylaxis and more vigorous treatment with better 
drugs are making pelvic abscesses much less common 
than they used to be. Most of our data on abscess pen- 
etration therefore come from the rat model of Gorbach 
et al. 

Q. I just find it surprising that a large cephalosporin- 
type molecule would be able to penetrate at all. . 

Dr. Hemsell. Penetration probably does not occur in 
undamaged meninges, for example. Inflamed menin- 
ges, on the other hand, apparently react differently. 

Dr. Gall. The concentration of bacteria and the con- 
centration of enzymes that break down inactive metab- 
olites are several logs higher in an abscess. Even if an 
antibiotic gets in, it is in a much more hostile environ- 
ment. The pH is lower and the polymorphonuclear 
leukocytes are probably not functioning well. 

Moderator. In the final analysis, we have to look at 
whether these experimental results correspond in any 
way with clinical outcomes. Although we who are in- 
terested in research have to continue to get answers to 
questions about penetration, half-lives, serum levels, 
etc., the bottom line has to be, “does the drug work?” 
and “how long will it continue to be effective?” 
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Q. How should chorioamnionitis be managed? 

Moderator. I think we can all agree that a woman 
with chorioamnionitis needs to be delivered. If she’s 
not in labor already, labor should be induced. More- 
over, we should treat these patients vigorously with 
some sort of intensive antimicrobial regimen during 
labor. 

I am troubled, however, by those individuals who are 
recommending that delivery by the most expeditious 
route—cesarean section—be undertaken when cho- 
rioamnionitis is diagnosed. On the basis of my clinical 
experience, it seems that cesarean section in a laboring 
woman who has ruptured, leaking membranes, fever, 
and clinical chorioamnionitis can result in some pretty 
severe outcomes. The babies do not seem harmed by 
at least a trial of labor if appropriately monitored, 
and the mothers do better with vaginal deliv- 
erles. 

Dr. Gall. At our institution, patients diagnosed as 
having chorioamnionitis and who have a temperature 
of 238° C are started on an antibiotic every 6 hours. 
We obtain a culture and induce labor or allow labor to 
proceed for 4 to 6 hours. If appropriate progress has 
not been made after a reasonable trial, the patient 
would probably be delivered of her infant by cesarean 
section. The antibiotic is continued for 72 hours 
post partum or for 24 hours after the patient becomes 
afebrile. 

Moderator. I’d like to emphasize the fact that patients 
with chorioamnionitis who are delivered of their infants 
by cesarean section need intensive therapy with some- 
thing. A few years ago, we used penicillin plus an 
aminoglycoside with poor results: a third of those 
women ultimately required hysterectomy within the 
first 10 days post partum for parimetrial phlegmons, 
broad ligament abscesses, and things of that nature. It’s 
best to use the kind of “big gun” regimen—such as 
clindamycin and gentamicin, a cephalosporin with 
chloramphenicol, or piperacillin alone—that would be 
appropriate for the worst kind of pelvic sepsis. When 
a surgical delivery has been performed, chorioamnion- 
itis presents a serious threat to maternal health. 

In summary, we know that women with significant 
pelvic infections suffer some sort of breach of the ep- 
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ithelial defenses, either from surgical trauma or from 
infection with a primary invading organism (for ex- 
ample, Neisseria gonorrhoeae, Chlamydia trachomatis). We 
also know that these infections are polymicrobial. 

The overuse of certain drugs, such as cephalosporins, 
has resulted in the emergence of bacterial strains that 
are resistant to some currently used regimens. Dr. Gal- 
ask described a particularly interesting and important 
mechanism of gram-negative resistance—induction of 
8-lactamase production by exposure to certain B-lactam 
agents. It sounds theoretical, but we’re already dealing 
with: the clinical implications of this phenomenon in 
terms of increased resistance to cefoxitin. 

In his discussion of therapy for serious female pelvic 
infections, Dr. Hemsell emphasized that the standard 
for any regimen—whether it is clindamycin plus gen- 
tamicin, or piperacillin—is a 90% to 95% success rate. 
I prefer to use single-agent therapy whenever efficacy 
is equivalent. 
= Enhancement or depression of polymorphonuclear 
leukocyte functions by antimicrobial agents, addressed 
by Dr. Ford, is a fascinating aspect of infection control. 
Moreover, he showed us how the higher overall costs 
of less effective prophylactic regimens underscore the 
importance and impact of using appropriate, effective 
surgical prophylaxis, particularly in high-risk patients. 

While it still may be a theoretical problem, J am nev- 
ertheless disturbed by the finding that many women 
who receive perioperative prophylaxis have enterococci 
in the lower genital tract for 2 to 5 days after operation. 
It makes me think that piperacillin, which is quite ef- 
fective against enterococci, will become more and more 
attractive as a prophylactic agent in the future. 

In general, piperacillin is an ideal single agent for 
prevention and therapy of female pelvic infection. It 
has an excellent antibacterial spectrum, is clinically ef- 
fective, and enjovs the safety of the penicillins. Its fu- 
ture value is not jeopardized by B-lactamase induction 
but rather is enhanced by its somewhat unique activity 
against enterococci. Finally, its cost is reasonable and 
competitive. I’d like to thank the faculty for their out- 
standing presentations and the audience for providing 
such stimulating discussion. 





Profound hypotension complicating 

magnesium therapy 
To the Editors: 

I agree with Bourgeois et al. (AM J OBSTET GYNECOL 
1986;154:919-20) that significant hypotension with 
nontoxic magnesium levels is not a generally recog- 
nized side effect of magnesium sulfate therapy in pre- 
eclamptic patients. However, I disagree with the au- 
thors regarding their statement that there is no support 
for the possibility that severe hypotension can be caused 
by the concomitant administration of magnesium and 
promethazine. 

Promethazine, a phenothiazine derivative, is a selec- 
tive calmodulin inhibitor.’ This pharmacologic action of 
the drug can promote vascular smooth muscle relaxa- 
tion, vasodilatation, and hypotension by the following 
two mechanisms: (1) an indirect, B.-sympathomimetic 
type of vasodilatation, caused by the calmodulin- 
mediated inhibition of phosphodiesterase,' and (2) a 
direct inhibition of vascular smooth muscle contractility 
by selective inhibition of calmodulin, the actin and my- 
osin filament—coupling molecule.’ 

The concomitant administration of a calctum antag- 
onist (magnesium sulfate) and a phosphodiesterase and 
calmodulin inhibitor substance (promethazine) can be 
responsible for the severe hypotension observed in the 
two patients described by the authors, despite their ex- 
tensive clinical experience. 

One should be aware of drug interactions, espe- 
cially with magnesium sulfate in conjunction with 
B-sympathomimetic, vasodilator, calcium antagonist, 
and phenothiazine drugs. 

At the Baragwanath Maternity Hospital, where 
32,000 patients are delivered of infants annually and 
the incidence of hypertension in labor is 4.9%, we 
use hydroxyzine hydrochloride (Atarax), a nonpheno- 
thiazine antihistamine with meperidine, for all our pa- 
tients on a regimen of magnesium sulfate therapy. We 
never recorded any significant episode of hypotension. 

In conclusion, Bourgeois et al. alerted us to the dan- 
gerous interaction between magnesium and a pheno- 
thiazine derivative. In preeclamptic patients receiving 
magnesium sulfate therapy and parenteral analgesia, a 
non-phenothiazine antihistamine such as hydroxyzine 
hydrochloride should be used. 

Emeric P. Frohlich, Dr.Med. 
Department of Obstetrics and Gynaecology 
University of the Witwatersrand 
Johannesburg, South Africa 
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Fetal heart rate monitoring 


To the Editors: 

In their article last November (Am J OBSTET GyNE- 
COL 1985;153:685-92), Fukushima et al. considered the 
limitations of autocorrelation in fetal heart rate mon- 
itoring. For antenatal fetal heart rate monitoring they 
recommended that the fetal electrocardiogram be re- 
corded from the maternal abdomen. Their article ig- 
nored three important points. 

First, at 27 to 33 weeks of gestation it is difficult, and 
often impossible, to detect the fetal electrocardiogram. 
This is the age at which critical decisions must be made 
whether to deliver prematurely by cesarean section 
those infants whose conditions are compromised as a 
result of preeclampsia or placental insufficiency. 

Second, the new generation of ultrasound detectors, 
with autocorrelation and improved transducer design 
has made it possible to obtain reliable fetal heart rate 
traces over these critical weeks. The older peak detec- 
tors had an unacceptably high signal loss, now reduced 
to 4% at 28 weeks.’ Signal loss can occur as a result of 
maladjustment or through fetal movement, hiccups, or 
arrhythmia, but it can be detected at once with a mi- 
croprocessor on line to give a visible or audible signal. 
We have used the newer ultrasound fetal heart rate 
monitors for the past 4 years (about 5000 records a 
year) and have not failed to obtain a satisfactory an- 
tenatal record. 

Third, the suggestion that each pulse interval must 
be measured for clinical purposes is incorrect. Fetal 
heart rate variation can be measured from the pulse 
intervals averaged over 3.75 seconds as the mean min- 
ute range (in milliseconds).’ This provides a wide dis- 
crimination between normal mean values at 32 weeks 
(44 msec), the lower limit of normality (less than a third 
percentile, 31 msec), and the reduced variation symp- 
tomatic of hypoxemia (21 msec) before development 
of acidemia. 

G. $. Dawes 
C. W. G. Redman 
Nuffield Department of Obstetrics and Gynaecology 
John Radcliffe Hospital 
Maternity Department 
Headington, Oxford, England, OX3 9DU 
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Reply 
To the Editors: 

We thank Drs. Dawes and Redman for their com- 
ments on our article. The major cause of our differ- 
ences seems to arise from a misunderstanding of the 
terms fetal electrocardiography and fetal heart rate 
variability. The ensuing discussion will clarify this sit- 
uation. 

A discussion of fetal electrocardiography is not 
meaningful unless the data acquisition system is de- 
fined. From the letter by Dawes and Redman we gather 
that they are using a single bipolar electrode system for 
external fetal electrocardiography (HP8040A). If so, 
we agree that the fetal electrocardiogram may not be 
recoverable during certain periods of gestation. The 
data acquisition system mentioned in our report is not 
a single bipolar electrode system, but as stated it is a 
multiple amplifier parallel group averaging system— 
in this case a 20-bipolar electrode system.' Because the 
study of fetal electrocardiogram with the use of this 
technique is in its early stages, we are not advocating 
its use but rather suggesting that this approach seems 
to be more reasonable than the mathematical and sta- 
tistical manipulation of an imprecise biomechanical sig- 
nal. The capabilities of this system are illustrated by 
Figs. 7 and 8 in the article, which were recorded during 
late labor. 

Dawes and Redman view the new generation of ul- 
trasound detectors that use autocorrelation as a definite 
improvement over the older, Doppler ultrasound— 
based systems and cite their experience in over 20,000 
cases in which they were able to infallibly obtain satis- 
factory tracings. We do agree that the autocorrelated 
ultrasound signal produces fetal monitoring records of 
more pleasing appearance more often than the uncor- 
related ultrasonic signal. However, the use of autocor- 
relation in fetal monitoring is a double-edged sword. 
If on the one hand we have a higher signal recovery 
rate and an improved tracing, we are never completely 
sure as to the origin of the signal unless the fetal elec- 
trocardiogram i is recorded simultaneously or the fetal 
monitor is continuously monitored by trained person- 
nel. Because the autocorrelation circuitry will reinforce 
any periodic noise originating from the fetus (e.g., fetal 
motion, hiccups), the mother (e.g., vessels, viscera), or 
the transducer-skin interface, a dangerous situation 
may result that may not be obvious to the clinician 
because of the cosmetically improved appearance of the 
fetal heart rate. ? 

It is clear from the letter by Dawes and Redman that 
the variability they are discussing is not the same as that 
based on the fetal electrocardiogram R-R intervals. Be- 
cause we have no experience with extensive processing 
of relatively imprecise ultrasonic signals of this nature, 
we are in no position to discuss their findings. However, 
if the R-R intervals of high quality fetal electrocardio- 
gram signals are adequately processed, there is little 
doubt that individual intervals are clinically i important. 
If they are averaged for even a few seconds, it would 
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not be possible to identify severe fetal heart arrhyth- 
mias such as premature ventricular contractions, sinus 
pause, or evanescent cardiac arrest. Additionally, be- 
cause the degree of variability obtained with Doppler 
ultrasound differs with the degree of signal processing, 
the resultant electronic fetal monitor. record _ reflects 
both physiologic data and instrumental manipulation. 
Unfortunately, at any given moment it is not possible 
to determine which component is the dominant factor. 
Hence, a clear distinction has to be made between fetal 
heart rate variability and electronic fetal monitor vari- 
ability. The electronic fetal monitor is but a clinical tool; 
to fully use its capabilities, one must also be aware of 
its limitations. 
Teuchiro Fukushima, M.D. 
Ezra C. Davidson, Jr., M.D. 
Edward-H. Hon, M.D. 
Department of Obstetrics and Gynecology 
King-Drew Medical Center and 
Charles R. Drew Postgraduate Medical School 
Les Angeles, California 90059 
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Recurrent spontaneous abortion and human 

leukocyte antigen DRw8 | 
To the Editors: 

Through the years many authors have reported that 
human leukocyte antigens play an important role in the 
immunologic interaction between mother and fetus. We 
have studied human leukocyte antigen frequencies and 
sharing of human leukocyte antigens in 30 Japanese 
couples with early recurrent spontaneous abortion of 
unknown cause and 72 Japanese healthy couples with 
more than three children. 

Table I shows the most interesting results of im- 
munogenetic studies. Apparently, the female subject in 
patient groups has a significantly lower frequency of 
DRw8 antigen (0%), as compared with the controls 
(30.6%) (x = —11.6, p< 0.0001, corrected to p < 
0.003). Furthermore, other previously published litera- 
ture’? showed few numbers of DRw8-positive women 
with recurrent spontaneous abortion. 

Caucasian populations have a low gene frequency 
(2% to 3%) of DRw8 antigen as compared ‘with the 
Japanese (15%). Thus it was unclear that with recurrent 
spontaneous abortion the number af DRw8-positive 
women was statistically low as compared with normal 
couples. The fact that there are few DRw8- -positive 
women with recurrent spontaneous abortion seems to 
be meaningful. 
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Patent couples 
(n = 30) (%) 


Woman 


1 23.3 16.7 
9 36.7 23.3 
3 0 0 
4 46.7 33.3 
5 26.7 26.7 
w6 16.7 23.3 
7 a 0 0 
w8 0% 26.7 
w9 26.7 23.3 
w10 0 0 
w11(5) 6.7 13.3 
w12(5) 90.0 13.3 
w13(w6) 10.0 20.0 
w14(w6) 10.0 3.3 
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Table I. Frequencies of DR human leukocyte antigens in Japanese control groups and patients who 
experienced recurrent spontaneous abortion 






Control couples 
(n = 72) (%) 





Random control 


(n = 425) (%) 


13.9 13.9 15 
38.9 30.6 36 
0 0 0 
31.9 44.4 44 
23.6 20.8 20 
92.2 13.9 19 

0 0 0 
30.6 29.2 29 
30.6 34.7 30 
‘0 0 0 
8.3 5.6 7 
15.3 15.3 13 
13.9 12.5 16 
8.3 1.4 3 


*Female patient versus control female p < 0.00015, corrected to p < 0.003. 


Conversely, in renal transplantation, Hendricks et al? 
reported that the DRw6-positive recipients experienced 
rejection of their grafts much more rapidly than the 
DRwé6-negative ones. Kashiwagi* reported that only 
DRw8-positive recipients had nearly 100% of 3-year 


survival despite human leukocyte antigen compati- - 


bilities. 

In pregnancy and in renal transplantation, there may 
exist a low or high responder to isoantigens. The pos- 
sibility exists that the DRw8-positive woman is more 
likely to induce maternal-fetal tolerance than the 
others. This new finding needs to be confirmed in fu- 
ture studies. 

Sharing of human leukocyte antigens (A, B, C, DR, 
and DQ) between the couples is more common among 
patient groups than the normal ones. This result sup- 
ports the findings of other authors.’ Although this 
meaning remains obscure, it may be related to the pro- 
duction of blocking antibody. 

Masaru Tekamizawa, M.D. 
Takeo Jufti, M.D. 
Hiroko Tsuneyoshi, Ph.D. 
Mie Nieda, Ph.D. 
Department of Blood Transfusion 
Faculty of Medicine 
University of Tokyo 
Hongo 7-3-I 
Bunkyo-ku 
Tokyo 113, Japan 
Tomoyuki Fuji, M.D. 
Takashi Kawana, M.D. 
Masahiko Mizuno, M.D. 
Department of Obstetrics and Gynecology _ 
Faculty of Medicine 
University of Tokyo 
Hongo 7-3-1 
Bunkyo-ku 
Tokyo 113, Japan 


| 
Reprini requests: Masaru Takamizawa, M.D., Department of Pedi- 
atrics, Tokyo University Branch Hospital, Mejirodai 3-28-6, 
Bunkyo-ku, Tokyo 113, Japan. 
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Myocardial infarction in the puerperium 


To the Editors: 

In ithe article entitled “Acute myocardial infarction 
in the puerperium in patients receiving bromocriptine” 
(AM J OBSTET GYNECOL 1986; 155:371-2) Lffy et al. re- 
ported on two cases of acute myocardial infarction in 
the puerperium and implicated bromocriptine as the 
causative agent. In my opinion the authors have not 
presented sufficient evidence to justify this conclusion, 

Myocardial infarction is a rare but previously re- 
ported complication of the puerperium in patients who 
have not received bromocriptine. Because coronary 
vasospasm and myocardial infarction are well estab- 
lished’ side effects of treatment with ergonovine,” the 
administration of this medication to one of the reported 
patients seems sufficient cause to explain the event. The 
authors theorize that. bromocriptine may have been 
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contributory via an “inborn error of metabolism,” 
which may have resulted in an inability of the patient 
to distinguish between hydrogenated and nonhydro- 
genated ergot alkaloids or an interaction between er- 
gonovine and bromocriptine at the P4so microsomal en- 
zyme system that may have led to potentiation of the 
action of ergonovine. Because the established phar- 
macologic action of bromocriptine is to cause vasodi- 
latation and hypotension,” I find the authors’ alterna- 
tive explanation of its pharmacologic action interesting 
but totally speculative and without scientific support. 

The second patient reported by Iffy et al. had an 
autopsy that revealed an occlusion of the anterior de- 
scending branch of the left coronary artery by throm- 
botic emboli, which resulted in the subsequent infarc- 
tion. Because bromocriptine has no known effect on 
coagulation and thrombus formation, it is highly un- 
likely that the medication contributed to the clot for- 
mation in this patient. Other thrombotic complications 
of pregnancy are also seen and are thought to be caused 
by known hypercoagulable changes in the clotting 
mechanism that occur around the time of delivery.‘ 
This hypercoagulable condition may have contributed 
to the coronary artery thrombus formation in the afore- 
mentioned patient and in other cases of postpartum 
myocardial infarction previously reported. 

Thank you for your consideration of these 
comments. 

Harold N. Feldman, M.D. 

Medical Services Department 
Sandoz Pharmaceuticals 
Dorsey Pharmaceuticals 
Route 10 
East Hanover, New Jersey 07936 
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Reply 
To the Editors: 

While focusing on the “proven pharmacologic ac- 
tion” of bromocriptine, Dr. Harold Feldman seems to 
overlook the fact that our article referred to the drug’s 
untoward effects and not the predictable ones. Of the 
former, the product information by Sandoz Pharma- 
ceuticals Corp.' quotes several dozens, including “signs 
and symptoms of ergotism.” Because bromocriptine is 
an ergot derivative, this side effect should not be sur- 
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prising. Accordingly, we do not think that our proposed 
interpretation of the pathologic mechanism of this phe- 
nomenon is “without scientific support.” 

We have searched the literature in vain for investi- 
gations concerning the combined effects of ergonovine 
and bromocriptine in the puerperium. If, as we suspect, 
the writer shares our ignorance in this regard, he can- 
not be satisfied more than we are about the absence of 
a potential relationship, whether simply additive or syn- 
ergistic, since these two drugs are often used together 
post partum. It appears that we are not the only ones 
who are not reassured that the existence of a connection 
between the actions of Ergotrate and bromocriptine is 
“totally speculative.” Since 1985, the manufacturers 
have found it fit to warn phvsicians that Parlodel rarely 
“may cause hypertension” and that “particular atten- 
tion should be paid to patients ... who have received 
within the preceding twenty-four hours other ergot al- 
kaloids....” 

With regard to the causation of coronary thrombosis, 
Dr. Feldman elects to emphasize hypercoagulability and 
disregards vasospasm. Our article made it clear that it 
was the latter effect that we considered potentially at- 
tributable to bromocriptine and not the former one. In 
support of this interpretation, our article referred to 
reported observations pertaining to the occurrence of 
episodes of vasospasm among patients taking bromo- 
criptine. 

We concur with Dr. Feldman that our article offered 
no sufficient evidence to prove a cause-effect relation- 
ship between the postpartum use of bromocriptine and 
the occurrence of myocardial infarction or other acci- 
dents deriving from vasospasm.' However, it appears 
to us that with regard to the routine prescription of 
Parlodel to healthy mothers for the purpose of ablacta- 
tion, it is the safety of the drug that needs to be estab- 
lished beyond reasonable doubt and not its dangers. 

Leshe Iffy, M.D. 
Willem ten Hove, M.D. 
Garry Frisoli, M.D. 
University of Medicine and Dentistry of New Jersey 
University Hospital 
100 Bergen Street 
Newark, New Jersey 07103 
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Venous thrombosis in patients with cardiac 
pacemakers and oral contraceptive use 


To the Editors: 

I have been interested in thrombosis and pulmonary 
embolism for the last 20 years. Also I have implanted 
about 2000 cases of permanent cardiac pacemakers, in 
both young and old, for the last two decades. I feel the 
conclusion drawn by Halub et al. (Thrombosis due to 
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permanent pacemaker and oral contraceptives. Halub 
MF, Robbie G, Deere LF. AM J OBSTET GYNECOL 
1985;153:571-2) is not supported by the data. I have 
seen vascular thrombosis of the upper torso in patients 
who had pacemakers implanted and who were not us- 
ing oral contraceptives. I have also seen the same prob- 
lems in men and women without pacemakers. The 
overall incidence of venous thrombosis in cardiac pace- 
maker patients is less-than 2%.' In fact, I have seen this 
phenomenon in only two patients in the last 500 im- 
plants; neither patient was using oral contraceptives. 

I do agree with the authors’ discussion and manage- 
ment of the case. It may be that the oral contraceptives 
aggravated the thrombosis and the authors preferred 
to take an alternate approach to contraception. How- 
ever, there are not enough numbers to support the 
authors’ conclusion that “oral contraceptive therapy is 
contraindicated in women with permanent venous 
pacemakers.” 

Gopal Rao, M.D. 

Shadyside Hospital 
5230 Centre Avenue 
Pittsburgh, Pennsylvania 15232 
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Femininity—a problem(?) 
To the Editors: 

As a qualified gynecologist, I was asked to review the 
records of a local abortion center, to confirm that all 
local rules and regulations in Cleveland’s abortion laws 
were not abridged and were properly observed. These 
were never broken, but I was deeply disturbed by the 
frequency of repeat abortions in some patients. In this 
group, repeat procedures were often done at 3- to 4- 
month intervals. Review of the counseling techniques 
and procedures showed they were proper but of no 
help in this group. The repeat pregnancies were not 
accidental. 

While attempting to investigate the causes of the early 
repeat pregnancies, [ was given a book stating that 
pregnancy was a major method that confirmed to the 
patient that she possessed full femininity. However, be- 
cause of varying social or economic reasons, the preg- 
nancy was not carried to term. I tried to get additional 
data from the author but failed to get any response. 
Shortly thereafter, I restudied a scientific exhibit on 
premenstrual tension that I had presented to The 
American College of Obstetricians and Gynecologists 
in 1956. At that time, I reported that three of four 
patients had symptoms of the disorder but only one in 
10 complained. In an attempt to answer this problem, 
I called a meeting of the entire group of patients. The 
most frequent answer was, “Doctor, I am a woman and 
this is the price we all pay for being women!” Therefore 
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we ihave two aspects of femininity. One accepts the 
symptoms of the premenstrual syndrome but continues 
to work. The other gets pregnant and then aborts. If 
the patient can accept either phase, this condition is 
acceptable, but if she does not, this then becomes a real 
problem. 

Thus we have two groups of women, almost two gen- 
erations apart, in degree, accepting the same concern. 
Recently, I discussed this problem briefly with Dr. 
Luella Klein, the recent Past President of The Amer- 
ican College of Obstetricians and Gynecologists who is 
actively fighting the occurrence of unwanted pregnan- 
cies. She told me that this is one of the greatest problems 
encountered and that many groups are working very 
hard in attempts to take these and similar thoughts 
away from women. Should she and her associates be 
successful, we may have the answer on how to more 
fully prevent the truly unwanted pregnancy. 

I pray and hope that all physicians will understand 
the problem I have presented and will do their very 
best to overcome it, assuring women that unwanted 
pregnancies are not a desirable answer to femininity. 

Eduard Eichner, M.D. 
3333 Daleford Road 
Shaker Heights, Ohio 44120 


Definitions of sensitivity, specificity, false 
negative results, and false positive results 


To the Editors: 

The article by Kogon et al. (Kogon DP, Oulton M, 

Gray JH, et al. Amniotic fluid phosphatidylglycerol and 
phosphatidylcholine phosphorus as predictors of fetal 
lung maturity. AM J Osster GYNECOL 1986;154: 
226-30) suggests that phosphatidylglycerol and phos- 
phatidylcholine phosphorus are reliable indicators of 
fetal lung maturity. However, they have incorrectly de- 
fined sensitivity, specificity, false positive rate, and false 
negative rate. Sensitivity is defined as the percent of 
individuals with a disorder in which a test predicts for 
this disorder. In this case, the disorder is fetal lung 
immaturity and the test is the determination of phos- 
phatidylglycerol. The absence of phosphatidylglycerol 
is the predictor of disease. Therefore the sensitivity 
should be 78.3%. The improper definition of sensitivity 
led the authors to incorrectly state their specificity as 
78.3%. Specificity is defined as the percent of individ- 
uals free of disease with a negative test (that is, the 
presence of phosphatidylglycerol). Therefore 592 out 
of 620 patients had a negative test, for a specificity of 
95.5%. 
- In addition, the authors have confused the false pos- 
itive rate with the probability of a false positive result. 
The false positive rate is the percent of false positives 
out of the total number of positive results. In this study, 
there were 28 false positive results out of 64 positive 
results or 43.7%. The false negative rate is defined as 
the percent of false negative results out of the total 
number of negative results; 1.7% in this study. 
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Proper use of the definitions of sensitivity and spec- 
ificity will also lead to a reversal in the positive predic- 
tive value and the negative predictive value; the positive 
predicted value should be 56.3% and the negative pre- 
dicted value should be 98.3%. 

Although the conclusions, with the exception of the 
false negative rate and the false positive rate, remain 
basically intact, strict adherence to the definitions of 
sensitivity and specificity will eliminate errors in the 
construction of a binomial table and facilitate compar- 
ison among investigators. . 

: Mark D. Kolins, M.D. 
Department of Pathology 
Detroit Riverview Hospital 
7733 E. Jefferson 
Detroit, Michigan 48214 


Haemophilus influenzae infection and 
midtrimester abortion ; 
To the Editors: . z 
It is always dangerous to state that “this is the first 
case” or “this is the only case” when reporting an un- 
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usual event. Certainly we have all missed one or even 


a series of examples of the same phenomenon. An ex- 


ample of such a situation pertains to the report by Winn 
and Egley concerning Haemophilus influenzae chorioam- 
nionitis (Winn HN, Egley CC. Acute Haemophilus influ- 
enzae chorioamnionitis associated with intact amniotic 
membranes. AM J] OBSTET GYNECOL 1987;156:458). 
We reported a nearly identical case in 1979,' which 
demonstrated a systemic infection followed by intra- 
uterine infection and delivery in the second trimester. 
Marvin S. Amstey, M.D. 
Edward Ogden, M.D. 
Highland Hospital 
South Avenue at Bellevue Drive 
Rochester, New York 14620 
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Nineteenth Memphis Conference on the Mother, Fe- 


tus, and Newborn, September 17-18, 1987, 
The Peabody Hotel, Memphis, Tennessee. 
Sponsored by The University of Tennessee, 
Memphis, College of Medicine and Regional 
Medical Center at Memphis. For further in- 
formation contact: Office of Continuing Med- 
ical Education, 800 Madison Ave., ee 
TN 38163. Tel.: (901) 528-5547. 


Pediatric and Adolescent Gynecology Postgraduate 


Course, October 15-16, 1987, The Inn at Chil- 
dren’s, Boston, Massachusetts. Co-sponsored 
by The Children’s Hospital of Boston and Har- 
vard Medical School, Department of Continu- 
ing Education. Approximately 14 hours credit, 


Category I. For information contact: Dr.. 


S. Jean Emans, The Children’s Hospital, 300 
Longwood Ave., Boston, MA 02115. 


International Symposium on First Trimester Genetic 


Diagnosis and Therapy: Current Status and 
Future Prospects, September 17-19, 1987, 
Hilton Hotel and Towers, Chicago, Illinois. 
Sponsored by the Medical and Reproductive 
Genetics Section, Eugene Pergamént, Direc- 
tor, Department of Obstetrics and Gynecology, 
Illinois Masonic Department of Obstetrics and 
Gynecology. For information contact: Janet 
Dalzell, Ilinois Masonic Medica! Center, 836 
West Wellington St., Chicago, IL 60657. Tel.: 
(312) 883-7045. 


Specialty Review in Obstetrics and Gynecology: Prac- 


tical Aspects, October 4-10, 1987, Chicago, 
Illinois. Sponsored by The Cook County Grad- 


uate School of Medicine. For additional infor- 
mation contact the Registrar’s Office. Toll-free 
number: Illinois 1(800) 621-4649; outside Il- 
linois 1(800) 621-4651. 


The American Board of Laser Surgery announces its 


2nd Certifying Examination on Saturday, Oc- 
tober 10, 1987, at the University of California 
Medical Center, San Francisco, California. 
Candidates mav obtain information and ap- 
plications from the President of the Board, 
Stanley Stellar, M.D., St. Barnabas Medical 
to the President, Mary Cayton, R.N., 3201 
So. 16th St., Suite 2006, Milwaukee, W1 53215. 


Premenstrual States: The: Psychoanalytic/Psychobio- 


logic Interface, October 17, 1987, Society for 
Ethical Culture Meéting House at Central 
Park West and 54th St., New York, New York; 
from 8:30 AM to’5:00 pm. Sponsored by the 
Columbia University Center for Psychoana- 
lytic Training and Research in collaboration 
with the Association for Psychoanalytic Med- 
icine. For further information. contact: Co- 
lumbia University Center for Psychoanalytic 
Training and Research, 722 West 168th St., 
New York, NY. 10032. Tel.: (212) 927-5000. 


National Abortion Federation wishes to announce its 


Fall Risk Management Seminar, “Beyond Six- 
teen Weeks: Practical Considerations for Qual- 
ity Care,” September 20- 22, 1987, Four Sea- 
sons Olympic Hotel, Seattle, Washington. For 
more information, please contact NAF. Tel.: 
(202) 546-9060. 


OBSTETRICIAN/ | 
GYNECOLOGIST. 


An immediate opening exists for-two - 


fully qualified, or eligible, Obsietri- 
cian/Gynecologist in a fully accredited 
220 bed acute care hospital. ‘This re- 
gional hospital is located in northern 
Nova Scotia serving ; a referral base of 
50, 000. Area provides excellent 
schools, and year round recreational 
and sports. facilities. In. hospital Office 
space available with full access to. pa- 
tient records. 


Please submit application with three 
references to: 


- Administrator 
Aberdeen Hospital _ 
- 835 East River Road 
NEW GLASGOW, Nova Scotia 
B2H 3S6 


oB; GYN 


Central Oklahoma Mediéal Group is one 
of Oklahoma City’s largest mutli-specialty 
group practices with. 40,000 prépaid ` 
members as well as traditional fee-for- 
service patients. We are currently séeking 
a BC/BE or completing residency in 1988 
staff OB/GYN. Attractive salary and bene- 
fits package as well as opportunity to work 
with well trained partners in one of our 
modern facilities. Hospital is located 
across the street and is nationally recog- 
nized for it’s. progressiveness and quality 
of care. Contact: | | 
Lois Goldstein 
Central Oklahoma Medical Group 
- 3330 N.W. 56th 
Oklahoma City, OK 73112 
~ 405-945-1311 
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ae OB/GYN 


The perfect opportunity for a pair of obste- 
. tricians/Gynecologists to enjoy the bene- 
a i fits of joining a 165 physician multi-spe- 


! 


' cialty group practice and of practicing in a 
i small primary care-group setting. Growing 


į university town setting in Central Illinois 


' Offers pleasant mid-size community envi- 
i ronment. Join this thriving 6 physician 
' primary-care branch and meet immediate 
| needs: Libera! fringe benefits and salary 
| lead to equal ownership in overall organi- 
| zation. Malpractice coverage provided 


. i through Clinic’s self-insurance policy. 


Send CV and letter of interest to Head- 


| ‘Ob/Gyn Department; Carle Clinic, 602 


iWest University Avenue; Urbana, IL 
61801. 


LS GYNECOLOGIC 
L- ONCOLOGIST 


| The Department of Obstetrics.and Gynecol- 
| ogy of the College of Physicians and Sur- 


‘! geons of Columbia University i is accepting ap- 


| plications from Board Eligible or Board Cer- 
i tified gynecologic oncologists to join its Divi- 
ision of Gynecologic Oncology. We are inter- 
ested in. applicants with academic career in- 
‘terest. We offer an exciting environment for 
|patient care, teaching and research. 


i Interested persons should direct | inquiries and 
! curriculum vitae to: 


ie, DANIEL H. SMITH, M.D. 


_ COLUMBIA UNIVERSITY 
`. COLLEGE OF PHYSICIANS AND 
‘SURGEONS | 
‘DEPARTMENT OF OBSTETRICS AND 
| ' GYNECOLOGY 
630 WEST {68TH STREET 

NEW YORK, NEW YORK 10032 

(212) 305-3410 
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Columbia University i is an equal opportunity 


_ employer. 
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OBSTETRICIAN/ 
GYNECOLOGIST | 


Board eligible or ceitified general obstetri- 
cian/gynecologist to -practice at university 


medical school affiliated hospital in nearby 


Hamilton, NY and engage in private practice. . 


The community is an excellent environmental: ` | 


and intellectual setting and serves as the 
home for Colgate University. A medical col- 
lege appointment at SUNY Health Sciences 
Center, Syracuse will be offered. 
Salary guaranteed for the first year at 
$130,000 with other additional benefits. 
Please submit. curriculum vitae: 
Michael S. Baggish, M.D. 
Professor and Chairman 
736 Irving Avenue 
— Suite 308, West Tower 
_ Syracuse, New York 13210. 


OBSTETRICIAN- 
© GYNECOLOGIST 
Board Eligible/Board Certified OB- GYN 


to join four physician Department in 39 
physician fee for service multispeciailty 


group in a city of 70 000 located adjacent 


to the Rocky Mountains. Large drawing 
area, outstanding variety of year-round 
recreational lifestyle.. Guaranteed mihi- 


© mum income, malpractice, educational 


benefits and early partnership. For further 


|" | _ details, please forward C.V. to: 


Gordon K. Phillips, M.D. 
1400 29th St. So. 
P. O. Box 5012 | 
Great Falls, MT 59403 


PACIFIC NORTHWEST 


| Expanding Practice Seeks OB/ Gyn 


Ground floor opportunity with BC/BE 
women. 


_ + Diverse urban clientele. 
` -e Affiliation with major hospital. 


_+ First year income guarantee. 


_ * New family-oriented delivery facility. 


_+ Malpractice, other benefits. 
e Partnership potential. 


For detailed fact sheet, contact: 


THE. FRIEDRICH GROUP. 
9284 Ferncliff, N.E. 
Bainbridge Island, WA 98110 
ee 547- 7850 or n 842-5248 


` The Johns Hopkins Medical Institutioris 
. Baltimore, Maryland 


THE 29th ANNUAL 


EMIL NOVAK _ 
MEMORIAL COURSE: 


Gynecology, Gynecologic Pathology, 
Endocrinology and High Risk ` 
Obstetrics 
(including micrdscopic histopathology) 


October 26 — 30, 1987: 
Microscopic Sessions Daily 


For further information and registration contact: 


Carlita M. Kearney 
Program Coordinator 
Office of Continuing Education 
Room 19 Turner,.720 Rutland Avenue 
Baltimore, Maryland 21205 
(301) 955-3168 


AMA Accredited 











Medicine | 


Board certified/eligible PERINATOLOGISTS required aC 
for large volume: obstetric services (3,000-6,006 
deliveries per year). ` 


Opportunities exist both to join and create high risk. 
obstetric services. The Southern California Permanente 
Medical Group has some openings for exclusive’. 
perinatal practice. However, not all areas have the 
volume of high risk patients to offer such exclusive prac- 
tice. Perinatologists who wish to perform other aspects © 
of obstetric and gynecologic practice may do so. Univer- -|- 
sity affiliations and clinical research is encouraged. 


Excellent benefits are cffered inci uding liability coverage, 
medical and dental coverage, vacation and sick leave, 

continuing education and retirement program. Partner. : 
ship consideration available mier two years full nmo 
employment. . ; 


Please write, including your curriculum vitae and three ee 
professional references to: ' : 


Y Maternal- Fetal 
a “OB GYN 


Eo ple -Obstetrician/ Gyne- 
“+ cologist, Board Certified or eligi- 
k < ble! physician to. join existing 3 
i member OB/GYN Departmentin 
“22 member multi- -specialty group 

B practice in the. Lakes Region of 

:- central: N.H. Position’ offers an 

: outstanding professional, finan- 
cial, and life- -style opportunity. 
Respond with C.V.: to Alan 
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Wiliam G. McCormick, M.D. 
Physician Recruitment 

Dept. 41L1 . 

Wainut Center 

Pasadena, CA 911 88-8854 
(714)829-5365 i 
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REPRODUCTIVE E ENDOCRINOLOGY 
FELLOWSHIP 
Louisiana State University 
School of Medicine in New Orleans 


The Department of Obstetrics and Gynecology offers an 
accredited fellowship in Reproductive Endocrinology be- < 
ginning July 1988. The fellowship is a two year clinical and - _. 
research oriented program. Applicants must have com- 
pleted an approved residency in Obstetrics and Gynecol- 
“ogy by June 1988. The clinical services are located at the 
Charity Hospital and Southern Baptist Hospital in New 
Orleans. Research opportunities include ongoing pro- 
grams in andrology, and fertility and sterility problems 
including an IVF/ET service as well as basic research . . 
involving the rodent, primate and pig models. Both clinical 
and laboratory research are encouraged and supported 
` by local, regional, national and international agencies., 
Applications, including curriculum vitae, bibliography, and 
the names and addresses of ai jeast three references ae 
should be sent before December 1987 to: . wi, oe 
_ ‘Krishna B. Singh, M.D. © >? >., 
Associate Professor and Chief 
Section of Reproductive Endocrinology | 
OR. ee 
Charles A. White, M. D: 
Professor and Head i 
Department of Obstetrics and Gynecology: 
Louisiana State University School of Medicine.: 
1542 Tulane Avenue +: 
New Orleans, LA.70112 
An Equal Opportunity Employer — 





; "REPRODUCTIVE 
| ENDOCRINOLOGIST 


T ee See R a OROG 
E Marshfield Clinic, a 250 physician multis- 
| pecialty private group practice in Central 
Wisconsin is seeking a Fellowtrained BC/ 
BE Reproductive Endocrinologist to join 
its 11 member Department of OB/GYN 
‘which includes a Perinatologist and 
Gynecologic Oncologist. The Clinic serves 
‘as a'major regional referral center and 
provides: a.comprehensive spectrum of - 
existing “supporting specialties and serv- 
ices.: Àn -adjacent 524 bed acute care 
TE teaching hospital includes: a Level Ili 
“f Perinatal Center and a 24 bed Neonatal 
‘|. f Unit.'Teaching and research opportunities 
also | exist. Please. send curriculum vitae 
: and the names of several references to: 
Sis” Mir, John P. Folz ` 
j nE k - Director-Patient Services 
wmm `- 1000 North Oak Avenue 
Marshfield, WI 54449 
or call collect at 
' (715) 387-5181 


Marshfield Cini 
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PACIFIC NORTHWEST 


Busy High Risk Practice: 


Join well-established, 25 person 
multi-specialty group in Tacoma. 


Two blocks from Tertiary’ Center. 


_ Perform micro and laser surgery,. - 
laparoscopy, colposcopy - 


Initial income guarantee: . 
Generous. benefit setae ae | 
Parinerehip, potential ` 


l For detailed fact sheet, ‘contact: 


. The Friedrich Group, her 
9284 Ferncliff Northeast - 
~~ Bainbridge Island, WA 98110 ~ 
| (208) 547- ren or otek 842- IAN 








á A AWAN A LARGE HOSPITAL-BASED HMO 


has openings for the following full- fime . a 
poston | 


Obstetrician | 
- Gynecologist . 


THE MICHAEL REESE HEALTH PLAN, 
a well-established and rapidly- expanding, 
federally-qualified HMO seeks Board Cer- | 
tified/Eligible Obstetrician/Gynecologists. l 


THIS POSITION entails both outpatient and 
hospital practice ‘as well -as miedical students, : 
and house staff teaching. ` 


REMUNERATION is high and ‘saga | 
with academic. and fee- for-service Pee ae 
markets. Fringe benefits are generous. .. 


INTERESTED APPLICANTS. should ond. : 
. Curriculum Vitae in confidence to:: © `- < 
-1 Dr. Stephen Contro, Medical Director, 
` MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King pia 
Chicago 60616. , 


an seas apbertunhy anne mitt 





Michael Reese Health Plan. ak 


Faculty Position Available: 


-GYNECOLOGIC- ONCOLOGIST 
The Department of Obstetrics and Gynecol- 


e ogy at the Medical College of Ohio is accept- 
| ~ ing applications for a full-time position as on- . 


cologist to supervise a busy oncology service. 
Will be responsible for tumor program, includ- 
ing patient care, student and resident educa- 


tion. Attractive living area. Salary. and 
-- academic rank commensurate with candi- 
. “date’s training and experience. Must be Board 
E eligible/Board certified. : Send inquiries and - 


curricula vitaé to: 
John L. Duhring, M. D. 
-Chairman and Professor 
' Department of Obstetrics | 
. and Gynecology... .. 
Medical College of Ohio -~ 
_ CS. 10008, Toledo, OH 43699 
The Medical College of Ohio practices equal 


opportunity in education and employment. 


 OBSTETRICIAN/ 
GYN ECOLOGIST 


The peceaieni of Obstetrics and Gynecol- 


ogy of Tufts University School of Medicine and 


|" ° St. Margaret’s Hospital for Women is seeking 


Generalists to join an expanding, high volume 


. practice. Candidates should have an active 
- interest in clinical practice, and resident and 
- : medical school education. Several positions 
- are AVANADE, Interested candidates should 
_ > contact: 


- Stephen Curry, M.D. | 
| Professor and Chairman of the _ 
Department. of Obstetrics and Gynecology 
~ Tufts University Schoo! of Medicine 
and the New England Medical Center 
= 750 Washington St. 
Boston, MA 02111 
Telephone: 617-956-6063 


Na 


OBSTETRICIAN / 
n GYNECOLOGIST 


Fate 
atn T RRRA RRRA 


Marshfield Clinic, a multispecialty private, 
gro up Pa of 250 physicians, is seeking 
an additional Obstetrician /Gynecologist to 
join its expanding 11 member OB/GYN 
Department. Large regional referral center 
practice with hign risk program. Adjacent 
524 bed acute care hospital includes a 
Level ill Perinatal Centerand a24 bed Neo- 
natal Unit. Teaching and research opportu- 
nitles also exist. Send curriculum vitae to: 


Mr.John P. Folz 
Direct-Patient Services 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call collect at 

. (715) 387-5181 


MarshfieldCiric . 





Good People. Good Medicine. 
Maternal-Fetal Medicine 


BC/BE Perinatologist wanted to join another subspe- - 
cialist in a large multispecialty HMO located in the San = 


Francisco-Oakland Bay Area. 


Responsibilities include clinical service in two tertiary re- 

` ferrat centers with 6,000 deliveries/year; consultations in 
high risk patients, genetic testing, ultrasound, resident 
teaching, and perinatai outreach programs. CVS exper 
ence desirable. ` 


Each institution with full NICU capabilities with total of 


neonatologists. Oakland facility with approved residency 
program (12 residents), oncologist, endocrine-infertility 
subspecialists, Level 1l, ultrasound capabilities ang an- 
tenata! testing unit. ` 

_ Excellent benefits including competitive salary, aloe: 
tice insurance, medical and dental coverage, vacation 


and sick leave, pension and retirement programs. Univer- ` 


sity affiliation and clinical research available. 


Please write or call, including your curriculum vitae and 


three references: 
Victor Chin, M.D., FACOG l 
Chief, Department of Obstetrics & Gynecology. 
The Permanente Medical Group, Inc. 
i 280 West MacArthur Bivd. 
` Oakland, CA 94611 

415 428-7340 ` ` 

or Lawrence Newman, M.D., FACOG 
Perinatologist . 
415 428-7087 


NORTH SUBURB 
_ OF CHICAGO 
Position available with 45-per- 
son multi-specialty group prac- 


tice. OB/Gyne needed to share 
responsibility for busy practice 


with two OB/Gynes. Competitive 
‘salary and benefits. Contact: 

_ Jose Kogan, M.D., Medical Di- 
rector, North Suburban Clinic, 
Ltd., 4801 Church Street, Skokie, 
IL 60077. 





OBSTETRICIAN / 
_ GYNECOLOGIST 


The largest Medica] Center is the State of Kansas 
offers an outstanding opportunity for physicians in 
a clean, family oriented F oommunity of 300,000 
people. 


Excellent salary and benefits. Guaranteed malprac- 
tice coverage and income. Consideration for other 
assistance negotiable. 

Please contact: 


Jim Hoffman, M. D. 
Vice President, Medical Affairs 


St. Francis Regional Medical Center 


929 N. St. Francis — 
: Wichita, KS 67214 | 
(316) 268-8641 . 


=> 
TY STE FRANCIS 
NEDICALC CENTER 
WICHITA, KANSAS 
EQUAL OPPORTUNITY EMPLOYER 
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edical J ournals _ 





Medical specialty publications bringing important ‘medical literature to over 205,000 worldwide subscribers throughout the 
year. MOSBY journals provide information progressive physicians need to maintain a continuing education program in their 
specialty areas. SAMPLE COPIES of journals ` are available. - 


* THE JOURNAL of ALLERGY and , . * AMERICAN JOURNAL of OBSTETRICS. 


CLINICAL IMMUNOLOGY « a 
Monthly. Institutions: $92.00; Individuals: $45.00; 
Students, residents: $32.00. Official publication of- hë 
American Academy of Allergy and rN 


CLINICAL NUTRITION 
Bimonthly. Institutions: $39.00; Individuals: $39. 00; 
Students, residents: $21.00. . 


~ * CLINICAL PHARMACOLOGY oul 


THERAPEUTICS 


= Monthly. Institutions: $113.00; Individuals: $65, 00: 
_ Students, residents: $45.00: Official publication of the 


American Society for Pharmacology and Experimental — 
Therapeutics and the American Society of Clinical - 
‘ Pharmacology and Therapeutics. 


-+ JOURNAL of THE AMERICAN. 


ACADEMY of DERMATOLOGY. 

Monthly. Institutions: $104.00; Individuals: $57, 00; | 
Students, residents: $36.00. Official ae of the . 
American Academy of Dermatology. : 


-* THE JOURNAL of HAND SURGERY 


. (American Volume) `. | 
Bimonthly. Institutions: $85.00; kiviai $38.50; 
' Students, residents: -$25.00. Official ae of the 

< American-Society for Surgery of the Hand. a pan 


* AMERICAN HEART JOURNAL. 


Monthly, Institutions: $98.00; Individuals: $51, 00; 
Students, residents: $33.00. l 


* HEART & LUNG: THE JOURNAL of 


CRITICAL CARE . 
Bimonthly. Institutions: $68. 00; Individuals: $21, 00; 
Students, residents: $16.00. . ` 


* AMERICAN JOURNAL of INFECTION 


CONTROL 

Bimonthly. Institutions: $66.00; individual’: $19. 15: 
Students, residents: $15.00. Official publication of the’ 
Association for Practitioners in Infection Control. 


* THE JOURNAL of LABORATORY and a | 


CLINICAL MEDICINE an 

Monthly. Institutions: $109.00; Individuals: $62. 00; ° 
Students, residents: $35.00. Official pobicanon of _ 
Central Society for Clinical Research. 


-and GYNECOLOGY 


- Monthly. Institutions: $102.00; Individuals: $59. 50; 


ae tae 


Students, residents: $40.00. Official publication of the 
American Board of Obstetrics and Gynecology, The 


: American Gynecological and Obstetrical ae plus 32 
D regional societies; 


OTOLARYNGOLOGY—HEAD and 


NECK SURGERY i 
Monthly. Institutions: $115.00; individuals: $70. 00. 


Students, residents (non-Academy members): $45. 00; 


"Residents (Academy members): $20.00. Official 
. publication of the American Academy of 


* 


cue 


E Otolaryngology-Head and Neck Surgery, the American 
Academy of Otolaryngic Allergy, ang the American 
Neurotology Society.. : 


THE JOURNAL of PEDIATRICS 


_ Monthly. Institutions: $95.00; Individuals: $47. 50; 
_ Students, residents: $30.00. RE 


SURGERY ` 
Monthly. Institutions: $97.00: Individuals: $49. 50; 


” Students, residents: $32.00. Official publication of the 
- Society of University Surgeons, Central Surgical 
' Association, and the American Association 


o% 


_. of Endocrine Surgeons. 


THE JOURNAL of THORACIC and 


- CARDIOVASCULAR SURGERY 


'# 


Monthly. Institutions: $118:00; Individuals: $70.00; 
Students, residents:-$45,00. Official publication of the _ 
EE ‘American Association for Thoracic Surgery and the 
~ -Western Thoracic Surgical Association. 


JOURNAL of VASCULAR SURGERY 
Monthly. Institutions: $98.00; Individuals: $57.00; ` 


| i _ Students, residents: $35.00. Official publication of the 


Society for Vascular Surgery and the International 


: Society for Cardiovascular Surgery (North American, 
Chapter). i 


THE JOURNAL of HEART 


` TRANSPLANTATION 


Bimonthly. Institutions: $60. 00; Individuals: $40. 00; 


. Students, residents: $25.00. Official publication of the | 


: International Society for Heart Transplantation. 


. * 


Included i in Index Medicus AIS.078 


A Tradition of Publishing Excellence 


Subscription rates quoted are for USA only. International rates © THE C.V. MOSBY COMPANY 

_ (surface and airmail delivery) available upon request. All Journal Circulation Department 
subscriptions are for one-year terms. SURSErpRONS may begin — . 11830 Westline Industrial Drive In Missouri, call collect: 
at any time. St. Louis, Missouri 63146 (314) 872-8370, ext. 351 
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_In the USA, call toll-free: 
1-800-325-4177, ext. 351 
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OBSTETRICS AND GYNECOLOGY 


“The faculty was outstanding. The most pleasant thing was learning a‘ tremendous amount, not 
only from world-famous arit tkiES but from people who are relatively ünknowH as well.”* 


OBSTETRICS 


honoring Robert Scully, M.D. 


—*Any Six Days — December 1-9, 1987 — CI 
Now, your only BOARD REVIEW just before Oral 


PATHOLOGY 


BASIC SCIENCES 


wr 


Vulva 


-Vagina . 


Cervix 
Endometrium 
Myometrium 


` Ovary 


Placenta 


Anatomy 
Embryology 


~ Genetics 


' Clinical Laboratory ` 


’ Ai ~ 
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° 
> 


Physiology | 
Pharmacology ` 


. Biochemistry 
`- Legal Problems 


CLINICAL SCIENCES 


Anesthesiology 


Endocrinology 
Infectious .Disease 


. Psychology 


Radiology 
Radiotherapy 


Name 
Address 
City / State / Zip 


Phone 
frome) 


` 


gm Check enclosed: for $ 


METHODS | 

e HOME STUDY MATERIALS with questio 
. based on previous examinations 

e SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

e PRACTICE EXAMS with oral and written parts 


K Dec. 1-6 (live); Dec. 7-9 (Video replay of Dec. l -3). Any consecutive six rae Aia will complete program. 


Pregnancy 
Labor -` 
- Delivery- 
Puerperium 
Abortion 
. Fetal Development 
NCOnALOIOEY 


GYNECOLOGY 

. Pelvic Relaxation 
‘Menstruation 
Contraception 
Infertility 

-Endometriosis __ 
Sexuality & Rape. 

7 Pediatric Gynecology 


ONCOLOGY 
. Epidemiology 
= Chemotherapy 
Vulva & Vagina 
- Cervix 
- Uterus 
Ovary - 
` ‘Trophoblast - 





(office) 


Mail today tO: OB-GYN Review Course 
1094 Dawn Lane 
Terre Haute, IN 47802 


- by! + 
Sn am mm st ne m o a m G 
1 p 


Limited Enrollment: OB—GYN REVIEW REGISTRATION 


tne wt OOS GE Oe EE eh 2 “Se es ee et GE 2 ee 


is also an excellent update for surgeons and preview for Writ 
_ OBJECTIVES 


® Increase basic knowledge in obstetrics and E 
® Improve clinical skills in diagnosis and treatment 

© Assist residents and fellows in organizing study © 

. © Prepare board candidates to pass board examinations ` 
® Provide practicing surgeons with a review and update 


“A ce ommodations were comfortable... 


LOCATION: The review course will be 


` the Chicago area immediately before the boa 


in order to save you travel time and expe! 
meeting will be held at the best combin 
luxury accommodations. and bargain rates. 
perience proves that patient negotiation £ 
best value for our participants. Qur previi 
grams at Hyatts have been at or below S¢ 
and $84 double. Please wait for instruction 
buying travel tickets. 


' * and those little extras...” 


_ LOWEST AIR FARES AND. HOT! 
‘one-call travel and hotel reservations cz 
: 232-0345 ‘or toll-free (800) 538-6342 and 


yourself as a participant in the OB-GYN 
Course. We have negotiated group discount 
with American Airlines below super saver ral 


“the most education for the moneéy.’* 


FEES AND C.M.E. CREDITS: 

è C.M.E. Credit: 60 hours 

è Residents and Fellows: $420 

è Practicing Surgeons: $630 

è Repeating course first time within 3 years: 


. © Repeating course other times within 3 yea: 


e Add 10% to any payment after October 3 

ə Attendees not staying in course hotel adc 

è Fees include no room or meals. 

e $50.00 will reserve your position. 

e Most home study materials will be mai. 
half of registration fee is received. . 

e Additional materials will be sent after co! 
of home study assignment. 


“The home study material was extremely 
10 me,"* 


CANCELLATIONS: Refunds, subjec 


charge, will be made until the seminar begins 


` e Cancellations after mailing most “hom 


material will require retention of |4 of the fee 


“the course was remarkably compl, 
pleasant.”* 


INFORMATION: l 
Joseph H. Selliken, Jr., M.D. 
OBSTETRICS & GYNECOLOGY RE\ 
1094 Dawn Lane, Terre Haute, Indiana < 
(812) 299-5658 


*Comments by participants of our previous 





jite tablet contains 0.5 mg nerethindrone and 0.035 mg ettuny! estradiol. Each igh! peach tablet contains 0 75 mg 
wone and 0-035 mg ethinyl estrada! Each peacn tablet contains 1 mg norethindrone and 0.035 mg ethuny! 
H. Each green tablet in 28-day regimes contains inert ingredients 


[ANT NOTE—This information is a BRIEF SUMMARY of the compiete cabal Spada provided with the 

and therefore should not be used as the basis for prescribing the product. This summary was prepared by 
| from the complete prescribing information certain text, tables. and references. The physician should be 
hiy familiar with the complete prescribing intormation betore prescribing the product. 


"HONS AND USAGE: PREVENTION OF PREGNANCY. 

ELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
hon between the dose of estragens i orai contraceptives and the nsk of thromboembolism For tts reason, its 
and in keeping with good principles of therapeutics to minimize exposure to estrogen The ora! contraceptive 
prescrbed for any given patient should be that product which contains the east amount of estrogen that is 
ble with an acceptable pregnancy rate and patient acceptance Itis recommended that new acceptors of oral 
aptives be started on preparations containing 05 mg or less of estrogen. 

\INDICATIONS: Oral contraceptives should not be used in women with any cf the following conditions 1 
ophiebitis or thrombaembahc discrders. 2. A past history of deep ver thrombophlebitis ar thromboemboke 
ss. 3. Cerebra: vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast 5 Knownor 
ed estrogen- dependent neoplasia. 3. Undiagnosed abnormai gen:ta! bleeding. 7 Oral contraceptive tablets may 
‘tai harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in wornen who 
fant. E the patent becomes pregnant whe taking tus drug, the patient should be apprised of the patantial hazard 
etus (see WARNINGS, No 5) 8 Benign or malignant iver tumor which developed during the use of ora: 
aptives of othar estrogen contamag products. 


WARNINGS 





p N eH etree rer reff eean rr e nrnna a an mae 
IMBOEMBOLIC DISGRDERS ANG OTHER VASCULAR PROBLEMS. An increased nsk of thromboembore and 
Hi disease associated with the use of oral contraceptives :s well established Four orncimal studies in Grea! 
nd three in the United States have demonstrated an increased nisk of fatal and nonfatal venous thromboembolism 
ke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to H times 
ely than nonusers to develop these diseases without evident cause. Overal: excess mortality due to pulmonary 
m or stroke is on the order of 10 to 35 deaths annually per 106,000 users anc increases with age 
IOVASCULAR DISORDERS: in a col'aborative American study of carebrovascu ar disorders in women wath and 
predisposing causes, it was estimated that the nsk of hemorrhagic stroke was 2.6 times greater im users than in 
s afd the risk af thrombotic stroke was 4 6 to 9.5 umes greater in users than in nonusers A prospective study 
ed in Great Betan estimated that former users have a nsk for all cerebrovascular disease 2 6 times greater than 
ronusers. This sk remained elevated for at least six years after iast orai contraceptive use A prospective study 
ed in the Un-ted States found that past use of pral contraceptives was associated with wecreased nsk of 
anaid hemorrhage, the relative risk being 5 3 There was also same evidence trom this study that the degree ot nsk 
related to Curation of oral contraceptive use MYOCARDIAL INFARCTION: An increased rsk of myocardial 
A associated with the use of ora! contraceptives has been reported CONTEN a frewously Suspected 
jon, These studies, conducted in the United Kingdom. found. as expected. that the greater the number of 
hg risk factors for coronary artery disease (cigarette smoking, hypertension. hypercholesteraierma, obes:ty 
i, history of preeclamptic toxemia), ‘he higher the risk of developing myocardial intarchon. regardless af whether 
Int was af oral Contraceptive user or not. Oral contraceptives, however, were found to be a clear add:tronal risk 
‘he annual excess case rate {increased nisk) of myocardial infarction (fatal and nonfatati in ora! contraceptive 
aS estimated to be approximately 7 cases per 100.000 women users in the 30-39 age group and 67 cases ger 
women users in the 40-44 age group. in terms of relative risk. if has been estimated that orai contraceptive users 
hot smoke (smoking is Considered a major predisposing condition to myocardial infarction} are about twice as 
have a fatal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are also smokers 
wut a S-foid increased risk of fata! -nfarction compared to users whe do not smoke, but about a 10. to 12-foid 
d rsk compared to nonusers who da not smoke. Furthermore, the amount af smokingis aise an impor tant factor 
runing the imaortance of these relative nsks, however, the baseline rates far various age groups must be given 
consideration The importance of other predisposing conditions mentioned above in determining relative and 
risks has not as yet been quantified. st 1s quite hikely that the same synergistic action exists, Out perhans toa 
itent. A study suggests that some increased osk of myocardial intarcticn n orai LON ACeDUVE USEFS persists 
9 discontinuation of oral contracepcives and that tte degree of the residual nsk s related ta the uration of the 
. Risk of Dose: in an analysis of data denved from several natona! adverse reaction regor ing systems. British 
iors concluded that the risk of thremboembolsm cluding coronary thrombosis 1s directly elated ta the dose ot 
fused mora! contraceptives Preparations contamirg 100 mcg or more of estrogen were associated with a higher 
womnboembaksm than those containing 50-80 meg of estrogen Their anaiysis cid suggest. however that the 
of estrogen may not be the sole factor involved. Ths finding has geen cortemed in the uted States Careful 
Mogicai studies to determine the degree of thromboembolic rsk assocated wth progestager aniy gral 
Dives have ngt been perlormed Cases of thramboembotic disease have been reported in women uson these 
i and they should not be presumed to be free ot excess risk The nsx of thromboembokc and thrombotic 
$, in both users and nonusers of oral contraceptivas. increases wih age. Ora! COM aceplives are. however an 
lent risk factor tor these events ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A large 
live Study carried gut in the Unitec Kingdom estimated the mortality rate per 190.000 women per year fram 
i Of the circulatory system for users and nonusers of oral contraceptives according to age. smoking habs and 
of use. The overall excess death rate annually fom circulatory diseases for grat contraceptive users was 
ú to be 20 pe: 100.000 (ages 15-34—5,/ 100,000: ages 35-44 ~ 32. 100.000. ages 45-49 -140/190.000;. the csk 
Acentrated n older women. on those with a jong duration of use. and in ogarette smokers It was not possible. 
to examine the interrelationships o` age. smoking, and duration of use. nor fo compare the effects of continuous 
itermiftent use Although the study showed a 10-foid increase in death due to circulatory diseases m users for 
tore years. al of these deaths occurred in women 35 or aider Und! larger numbers of women uncer 35 wah 
us ure for five or more years are available. itis not possible to assess the magnitude of the relate ngk for the 
age group. This study reports that tne increased nsx of circulatory disease mortality may dersist after the pil is 
wed, Another study published at the same tme confirms a previously reported mcrease af mortality i pili users 
thovascusar disease The study concluded that the mortality associated with ail methods af brih control is iow 
w that associated with childaith. with the exceptior of oral contraceptives on women over 40 who smoke. {The 
en for pii oniy smokers for each age group are fcr smokers as aciass For heavy smokers par than t5 
s a day], the “ates given would be about double: for “hght smokers [less than 15 cigarettes a ay}. about 50 
The mortahty associated with ora! contraceptive use in nonsmokers ever 40 15 hughes than with any other 
if contracephian in that age group The lowest mortality is associated with the condom or daaphragm tacked up 
tbortion. The risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
‘approximately age 30 and, for myocardial infarction, is further increased dy hypertension. hyperchgesteral- 
esily, diabetes. or history of preeciamptc toxemia and especially by cigarette smoking. The risk of myocardial 
jin Oral Contraceptive users is substantially increasad in women age 40 and over, especially those with other risk 
The physician and the patient should be alert to the earliest manifestations of thromboemboue and thrombotic 
> feg. thrombophlebitis, pulmonary embolism. cerebrovascular insufficiency, coronary actiusion, tetmal 
Sis. and mesenteric thrombosis} Srauid any of these occur or be suspected, tne drug shouid be ciscomhnued 
leily Afour- to sex-fald increased rsk of postsurgery thromboembelic comaications has been reported :n oral 
ptve users. If feasible, oral contraceptives shouid be discontinued af least four weeks before surgery af a type 
ad with af inceased usk of thramboembohsm of crotonged immobilizatonr. 2 OCULAR LESIONS There nave 
orts of neuro-ocular lesions such as optic neuritis or retinal thrombesis associated with the use of oral 
Dives. Discortinue oral contraceptive medication if there is unexpiained. sudden or gradual partial or compiete 
Sion, onset of praptosis or diplopia. papiliedema or retinal vascular lesions and insbtule anpropriate diageasac 
ipeusc Measures 3 CARCINOMA. Long-term continuous admumstration af either natural or synthetic estrogen 
‘animal species increases the frequency of carcinoma of the breast. cervix. vagina. and fiver Cartan synthetic 
gens, none Currently contained in orai contraceptives, have been noted to merease the mnedence of mammary 
benign and maiignant. in dogs. ir humans, three case contro! studies have reported an increased risk at 
ral Carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women One 
reported on the first 21 cases submitted by paysicians to 2 registry of cases of adenocarcinama of the 
sumon women under 40 on orai cortraceptives Of the cases found in women wengu! predssosing usk factors 
ocarcinoma cf the endometrium (eg. «regular bleeding af the time orgi contraceptives were first given. 
c ovaries), Nearly ali occurred in women who hac used a sequential orai contraceptive These arnducts are no 
arketec No evidence has been reported suggesting an increased risk of encornetnal cancer on users at 
mai combination or pragestogen-only oral contraceptives. Several studies have found no increases in breast 
women taking oral contraceptives or estrogens. One study. however, while also noting n0 overall increased sk 
cancer i women treated with oral contraceptives, found an excess nsx in the subgroups of orai contraceptive 
th documented benign breast disease. A reduced occurrence of benign breast tumors in users of oral 
btives Nas been well-documented. in summary, thera is at present no confi med evidence fram human studies at 
Sed rsk of cancer associated with oral contraceptives Close clinical surverlance of ali women taking oral 
Fives s, never theless. essential. in ail cases of und.agnosed persistent a: recurent abnormal vaginal meeding, 
te diagnostic measures shouid be taken to ruie out malignancy. Women with a strong family history of preast 
who Nave breast nodules, fibrocysue disease or atnarmal mammograms should be monitored with particuiar 
žy elect to use orai contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
Jenomas hava been found to be associated with Ine use of oral contraceptives. One study showed that oral 
vive formulations with high hormonal potency were associated with a higher osk than lower potency 
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formulations and use of oral contraceptives with high hormona: patency and age aver 30 years may futher mecreage the 
woman $ isk of hepatoceliular adenoma Although benign, hepatic adenomas may rupture and may cause death t routs 
intra abdominal hemorrhage This has been reported in short-term as well as ‘ong term users af oral contraceptives Two 
Stues relate risk with Guraton of use of the contraceptive, the csk being much greater after four er more years of oral 
contracebive use. While hepatic adenoma is a rare lesion. t should be considered n women presenting abdominal pan 
arg tescerness, abdominal mass ar shock. Cases o° hepatocellular carcinoma, although rare, have Deen reported in 
women taking oral contraceptives Retrospective stucies conducted in the United States and Britain report an increased 
nek of hepatocellular carcinoma in oral Contraceptive users. partecularly with increased duration af use, 5 USE IN OR 
IMMEDIATELY PRECEDING PREGNANCY. BIRTH DEFECTS IN OFFSPRING AND MALIGNANCY IN FEMALE OFFSPRING. 
The use of female sex hormones ~ both estrogenic aid progestational agents- dunung eeiiy pregnancy may sencusty 
damage the offspring. thas been shown that females exposed in utero to digthyistibes tr: Sterudal estroges, ave 
ar increased nsk of developing in iater ife a form of vaginal or cervical cancer that is org y extremely rare Tus 55k 
has been estimated to be on the order of 1 ta 4 in 1000 exposures Aithough there ss no evidence at the present hme that 
ora! Contraceptives further enhance the risk of develcping this type of malignancy. such pabents shouid be montared 
with par ticular care if they elect to use oral contraceptives instead of other methods of contracenhon Furthermore, a nigh 
percentage of such exposed women (from 30 to 90%) Fave been found to have epithelial t 5 af the vagina and cervix 
> precursor af vagna 
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imeluding oral comtracephives. n pregnancy. One case control study has estimats 
fnb reduction defects im imfants exposed in utero to sex hormones (oral contraceptives 
Pregnancy of attempted treatment far threatened abortion) Same af these exposures wer 
few Gays of treatment The data suggest that the risk of imb-reduction detects in exposed! 
ore 18 1000 ive births in the past. female sex hormones have been used during meg 
threatened or habitual abortion There is considerable evidence that estragens are inatte 
theres no evidence from well contrciled studies that progestagens are effective tc 
that tnpiory anc poss:bly other types of polyploidy are increased among abartuse 
scon after ceasing oral contracestives Embryos with these anomahes are vit rays aborted Sportanequsly 
Whether there is an overafi increase in spontaneous aborhon of pregnancies conceved soon alter sioppng oal 
contraceptives 6 unknown His recommended that for any palent who has missed two consecubve pennis, pregnancy 
should be ruled out before continuing the contraceptive regimen ff the patient has nat adheres to the prescnbed schedule, 
tha possibility of pregnancy should be considered at the tune of the fst assed penod for after 45 days trom 
menstrua pengd if the progestogen-only oral contraceptives are used), and further use af ora MACEDUVES SAGUIC He 
withheld unt! pregnancy has been ruled out if pregnancy s confirmed. the patent shouid be agonsed of the potenta 
riskS to the fetus and the advisability of continuation of the pregnancy should be discussed in the ghb of these nsis ites 
aso recommended thal women who discontinue orai contraceptives with the intent ofp ig pregnant use an 
aiternaie form of contraceatian for a penod of ume before attempting to conceve Many ns tecammend three 
months aithough no precise intermation is available on whieh to base this recommendation The admuustranes gf 
progestogen only ar progestogen -astragen combinations ta induce withdrawal Bleeding shouid sot de used asa tesigi 
pregnancy 6 GALLBLADDER DISEASE Studies report an increased ngk of surgically conhiemed galibiadder disease in 
US2fS Of Oral coMtraceptives and estrogens. in one study, an increased sk appeared after two years of use and Soudled 
after tour or tive years of use Ione of the other studies, an increased risk was apparent between se and twelve manths 
ot use 7 CARBOHYDRATE AND LIPID METABOLIC EFFECTS A decrease in giucase tolerance has heen observed in a 
SiGmiTan! percentage of patents on oral contraceptives. For this reason. prediabetic and habete patients should be 
Caetuhy observed whia recewing oral contraceptives An increase in tuglycendes and totai phospnobpids has bean 
observeg m patents receving orai Contraceptives The clinical segrificance of ths finding remains to be defined & 
ELEVATED BLOOD PRESSURE An sncrease in blood pressure has been reported m patents ecening oral contraceptives 
In same women hypertension may occur within afew months at beginning orai contracepbye use Ie ihe firs! year of use, 
the prevalence of women with hypertension is low m users acd may be no higher than that of a comparable groan af 
rovusers The prevalence 9 users increases, however, with ionger exposure. and ii the fifth year of use 1s two and analito 
three times the reported prevalence in the first year. Age ss aiso strongly correiated with the ceveiopment of hypertension 
if Ora comtracephve users Women who previously have had hypertension dunno pregnancy may de more bkely to 
Ge seiop sievahon of blood pressure when given oral contraceptives Hypertension tna! develops as a fesult of taking ora: 
cotraceptives usually returns ta normal alter discontinuing the drug 9 HEADACHE The onset ar exacerbahon of 
Meyane of development of headache of a sew pattern which ss recurrent, persistent. or geverg, regures aiscantinuahon 
of arai contraceptives and evaiuation of the cause. 10. BLEEDING IRREGULARITIES Break througn bleeding. spo brg. ang 
ary engrrhea are frequent reasons tor patients discontinuing oral contraceptives in break rough bleeding, asin all casas 
of wregular bleeding from the vagina. nanfunctional causes should be borne in mind in ungiagnased persistent or 
recurrent abnormal Bleeding from the vagina. adequate diagnostic measures are indicated to rule ou! pregnancy oF 
mahgnancy i pathology has been excluded, time or a change to another formulation may soive Me Oien Changing to 
an orai CoMtracephve with a teghe: estrogen content. wile potentially useful mumeuzing menstrual itaquianty, shouid 
H necessary since ths May increase the nsk of [Promboembalic disease Women with a past isty at 
Cig airhea or Secondary amenorea or young women without regular cycles May Nave a tendency to rama 
anovulatory OF lo become amenorrheic after discontinuahan of oral contrategtives Women with these Dees 1g 
ocbiems should be advised of this Gass:bility and encouraged to use other cantracestive methocs Postuse anovulahor. 
possibly prolonged. may also occu: women without previgus treguianties 11 ECTOPIC PREGNANCY Ectome a5 well 
a5 baulernine pregnancy May occur in contraceptive fadures 12 BREAST FEEDING Sra! 

partum penod may interfere with lactation There may be a decrease in the quant: fy of the breast nuik 
gre. a smali tractor of the hormonal! agents n ota: contraceptives has been derhi 1 ihe mk gf mothers 
iG irese drugs The effects. f ary. on the breast-fed chid have nat bean determine Hf feasible. the use of ora! 
ontraceptlves Should he deterred unti tne infant has been weaned PRECAUTIONS: General | A compete medical and 
j festory shouid be taken peor tc the wsitapon of orai contraceptves The retreatment and genodic physical 
abona shouid -nciude speciai reterence to biod pressure. breasts, abdomen and pelvic organs. nck ny 
aGu sMeat and relevant laboratory fests As a genera: rule, oral contraceotives should sot be preserhed for 
fanger has one year without another physical examination peng performed 2 Under the nfivence of estrogen poges 
kagen Preparaians preexisting ulenne ieomyomata may merease in size 3. Panents w yol psychic depressgn 
Shoulg be careluily observed and the drug disconunued if cepress:on recurs te a serous degree Patents Der ng 
sguhcantily depressed while taking orai contraceptvas should stop the medication an atermate methoc of 
COMPAaCe LON m an attempt to determine whether the symptoms drug-related 4 Orale eptives may Cause some 
degree of Hua retention They should be presenbed with caution. and oniy with tareh Sipen on parengs wah 
congiens which might be aggravated by fluid retentior such as convulsive disorders, migraine syndrome. asthma, or 
cardiac òr renal ensulficiency 5 Patients with a past history of jaundice ducing pregnancy have an iicreased ngh of 
rec.rrence of jaundice while receiving oral contraceptive therapy ffaundice develops i any patient rex 30 such drugs. 
Ihe medication should be discontinued. 6. Steroid hormones may be poorly metabolzed in pakents with mpareg iver 
funchen and should be administered with caution in such patients. 7. Oral contraceptive users may fave disturbances in 
normal tryptophan metaboksin which may result ina relative pyridoxine deficiency The chugal sigeeticance of this is ye! 
io be cetermuned 8 Serum folate ieveis may be depressed by oral contraceptive therapy Since the pregnant womgs 1s 
predisposed to the development of folate deficiency end the mcidence of folate deficeency increases with INCPeASING 
ptas, she May nave a 
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GENESIS, IMPAIRMENT OF FERTILITY, PREGNANCY. NURSING MOTHERS: See CONTRAINDICATIONS and WARNINGS 
ADVERSE REACTIONS: An increasec esk of the following serious averse reactions has been associatet 
ora’ Contraceptives (See WARNINGS) Trhramboohlebits. Pulmorary embolism Coronary 
tosis Cerebral nemormhage Hypertension Galibladder disease L.vertumors Congerta 
an associahon between the following conditions and the use of oral contraceptives. ath 
Studies are Seeded Mesentenc thrombos:s Neurc-ocular lesions. eg. retinal mom 
folowing adverse feactians Rave been reported in pahents receiving orai comtracept: 
grug related Nausea angor vormhng, usualy the most common adverse reachons. occu! it 
` patents dunng the firstcycie Other reactions. as a genera tule. are seen much | 
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Rasiiaiergic), Mental depression. Reduced tolerance fo carbohydrates. Vagenal canc:ciagis. Change in corneal curvature 
reported if users af oral 
comracephves. and the association has been neither confirmed nar retuted Premenstrual ike syndrome. Cataracts. 
Changes im libido Chorea. Changes m appetite. Cystitis- like syndrome Headache Nervousness Dizmness Hirsute, 
i055 of scaip hair Erythema multiforme Erythema nodosum Hemorrhagic eruphan Vaguntis Porphyra Imparred ena! 
funcuar Hemolytic uremic syndrome. OVERDOSAGE: Serious di effects have not been reported following acute 
ingestion of large doses of orai contraceptives by young chidren Overdosage may cause nausea. and wither awal 
Dleeding may occur m females. 
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